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CDMA CELLULAR HAND-OFF APPARATUS AND
METHOD

RELATED PATENTS

This patent issues from a continuation-in-part patent
application, whose parent patent application has Ser.
No. 07/727,617, with a filing date of Jul. 10, 1991, enti-
tled, SPREAD SPECTRUM CELLULAR HAND-
OFF APPARATUS AND METHOD, which is now
issued U.S. Pat. No. 5,179,571. All matter from the
parent patent application is incorporated herein by ref-
erence, and benefit of earlier filing date of the parent
patent application is claimed pursuant to 35 U.S.C.
§120.

This invention is related to the disclosures in U.S.
patent application Ser. No. 07,622,235, having filing
date of Dec. 14, 1990, entitled, SPREAD SPECTRUM
CDMA COMMUNICATIONS SYSTEM by Donald
L. Schilling; U.S. patent application Ser. No.
07/614,816, having filing date of Nov. 16, 1990, and
entitled ADAPTIVE POWER CONTROL FOR A
SPREAD SPECTRUM TRANSMITTER by Donald
L. Schilling, which is now U.S. Pat. No. 5,093,840, with
an issue date of Mar. 3, 1992; U.S. patent application
Ser. No. 07/614,827, having filing date of Nov. 16, 1990,
and entitled SPREAD SPECTRUM MULTIPATH
RECEIVER APPARATUS AND METHOD by
Donald L. Schilling, which is now U.S. Pat. No.
5,081,643, with an issue date of Jan. 14, 1992; and, U.S.
patent application Ser. No. 07/626,109, having filing
date of Dec. 14, 1990, and entitled SPREAD SPEC-
TRUM COMMUNICATIONS SYSTEM AND
METHOD by Donald L. Schilling; which are all incor-
porated herein by reference.

BACKGROUND OF THE INVENTION

This invention relates to spread-spectrum communi-
cations and more particularly to a system and method
for handing off a telephone conversation from one base
station to another when the mobile station is moving
from one cell to another cell in a CDMA cellular
spread-spectrum system.

DESCRIPTION OF THE RELEVANT ART

Many mobile communications systems employ multi-
ple coverage areas to accommodate necessary mobile
communications over a defined region. Of such systems,
simulcast communication systems and cellular commu-
nication systems are the most common types which
provide hand-offs between coverage areas. In simulcast
communications systems, a relatively simple hand-off
technique is used. Simulcast communications systems
involve linking together the respective coverage areas
of a plurality of communication sites to form a large
wide area coverage. The simulcast communications
system typically employs communication channels
which are common to each individual coverage area.
As a mobile radio exits the coverage area of one site and
enters the coverage area of another site, a conversation
on the mobile radio is maintained because the linking of
the multiple sites allows for simultaneous reception and
broadcasting of the conversation at each site on the
same channel.

Unlike simulcast communication systems, cellular
communications systems do not employ common com-
munication channels between the various sites. Rather,
each coverage area employs a number of base stations
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2

for providing radiotelephones within the base station
coverage area with a number of radiotelephone commu-
nication channels which are unique with respect to
adjacent base station coverage areas. Each base station
within the cellular communications systems is con-
trolled by the system’s central switch controller.

A hand-off between two base stations in the present
frequency-division-multiple-access (FDMA) cellular
communications system may be accomplished through
communication between the radiotelephone and the
radio equipment at the base station from which the
radiotelephone is exiting. The base station equipment
periodically measures the signal strength of the radio
telephone during the conversation, and, once the signal
strength reaches a relatively low signal strength thresh-
old, the same base station equipment, working with the
central switch controller, sends a message to the adja-
cent base stations to determine which base station the
radiotelephone is entering. The radio telephone is then
instructed by the central switch controller to communi-
cate on a selected channel from the base station equip-
ment associated with the coverage area the radiotele-
phone is entering. This hand-off method may result in
an occasional clicking sound in the voice conversation,
or may result in the loss of significant amounts of data if
the signals are carrying data.

A cellular spread-spectrum code-division-multiple-
access (CDMA) system communicates using message
data, which may require continuous, uninterrupted
communications. When a mobile station moves from a
first cell to a second cell, the chip-codeword used for
spread-spectrum processing the channel containing the
digital data has to be handed-off so as to not interrupt
communications. The hand-off method used for the
cellular voice communications system employing fre-
quency modulation (FM) channels may not work for a
spread-spectrum CDMA system because the time re-
quired to acquire synchronization of the new sequence
may result in the loss of considerable digital data. In
addition, for certain applications, the CDMA system
could employ cells which may be placed close to one
another, e.g. 1000 feet apart. In such a case, since the
handing-off occurs more frequently if the radiotele-
phone is in a fast moving vehicle, the switching time is
far more critical than when the cells are 3 miles apart,
which is typical for present FDMA systems.

Accordingly, a system for providing a hand-off be-
tween coverage areas in a spread-spectrum-CDMA
system is needed which overcomes the aforementioned
deficiencies.

OBJECTS OF THE INVENTION

A general object of the present invention is to pro-
vide a cellular direct sequence spread-spectrum-
CDMA-communications system which overcomes the
foregoing shortcomings.

A more particular object of the present invention is to
provide a cellular spread-spectrum-CDMA-communi-
cations system which ensures that a radiotelephone
hand-off is achieved without loss of data.

Additional objects of the present invention include
providing an improved radiotelephone, an improved
base site and an improved switch controller which op-
erate in accordance with the cellular spread-spectrum-
CDMA-communications system of the present inven-
tion.
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SUMMARY OF THE INVENTION

The present invention broadly includes a method for
controlling hand-off in a spread-spectrum-CDMA-com-
munications system for a mobile station moving from a
first base station toward a second base station. The
mobile station may be embodied as a radio device. The
method includes the steps of transmitting, from the first
base station, a first spread-spectrum-communications
signal having a first chip-codeword sequence; and trans-
mitting, from the second base station, a second spread-
spectrum-communications signal having a second chip-
codeword sequence. The second chip-codeword se-
quence of the second spread-spectrum-communications
signal is different from, but time synchronized with, the
first chip-codeword sequence of the first spread-spec-
trum-communications signal. The method further in-
cludes the steps of receiving, at the radio device, the
first spread-spectrum-communications signal and the
second spread-spectrum-communications signal; deter-
mining a relative time between receiving the second
spread-spectrum-communications signal and the first
spread-spectrum communications signal; and initiating,
in response to the relative time, a hand-off for communi-
cating between the radio device and the first base sta-
tion to communicate between the radio device and the
second base station.

Moreover, the present invention, as embodied and
broadly described herein, includes a spread spectrum
hand-off system for use between two or more cells in a
cellular spread-spectrum-CDMA communications sys-
tem. The hand-off system comprises control means and
a plurality of cells with each cell having a base station
for transmitting one or more spread-spectrum-com-
munications signals. The present invention is illustrated,
by way of example, with a radio device moving from a
first cell which has a first base station, to a neighboring
cell which has a second base station. The first cell is
assumed to be surrounded by N-1 cells, and each of the
base stations in these N-1 cells transmits a spread-spec-
trum generic-chip-code signal which is different from
the other cells and the first cell. The generic-chip-code
signals do not carry message data, so the codes used for
the generic-chip-code signals may be completely deter-
mined.

There are, therefore, N of these non-information
bearing generic-chip-code signals in a CDMA cellular
system which has M cells (M > >N). A generic-chip-
code signal is defined herein to be a signal having a
generic-chip-codeword sequence. Many the generic-
chip-codeword sequences are assigned to each base
station, and the generic-chip-codeword sequences may
include pilot-chip-codeword sequences, i.e. spread-
spectrum channels without message data as described
above, or spread-spectrum channels with low data rates
with control information superimposed on the spread-
spectrum channels, or further, spread spectrum chan-
nels having either high capacity user information or low
capacity user information superimposed on the spread-
spectrum channels.

The generic-chip-code signals are repeatedly used in
different cells, such that cells with the same generic-
chip-code signal are a2 maximum distance apart. This is
called “chip codeword reuse”. The mobile station scans
the N-1 generic-chip-code signals, with the generic-
chip-code signals not including message data, until the
radio detects a generic-chip-code signal which pro-
duces a voltage level at an output of a detector which

5

20

25

35

40

45

50

55

65

4

detects a value to cross a preset value threshold. The
detected value may indicate a relative time-of-arrival
time measurement, or may be a relative distance-from-
base station distance measurement, or may be a detected
generic-chip-code signal power level, or a combination
of some or all of the above types of detected values, i.e.
relative time-of-arrival, relative distance-from-base sta-
tion, or signal power level. The generic-chip-code-sig-
nal which meets this criteria is deemed to originate from
a second cell which has a second base station.

The first base station transmits a first spread-spec-
trum-communications signal with a first generic-chip-
code signal embedded therein. The second base station
transmits a second spread-spectrum-communications
signal with a second generic-chip-code signal embed-
ded therein. The spread-spectrum-CDMA-communica-
tions system has control means for switching between
message and signalling data, which are spread-spectrum
processed with a first set of message-chip-code signals
embedded in the first spread-spectrum-communications
signal transmitted from the first base station, to being
spread-spectrum processed with a second set of mes-
sage-chip-code signals and embedded in the second
spread-spectrum-communications signal transmitted
from the second base station.

Operating within a cell is a plurality of mobile user
devices with each having a cellular antenna, first gener-
ic-detection means, second generic-detection means,
comparator means, message-spread-spectrum-process-
ing means, message-detection means, chip-codeword-
synchronization means, and mobile control means. The
first generic-detection means is coupled to the cellular
antenna and has first generic-spread-spectrum-process-
ing means. The first generic-detection means detects the
first generic-chip-code signal embedded in the first
spread-spectrum-communications signal communicated
from the first spread-spectrum-base station. After detec-
tion of the first generic-chip-code signal, the first gener-
ic-detection-means outputs a first detected signal. The
second generic-detection means is coupled to the cellu-
lar antenna and includes second generic-spread-spec-
trum-processing means. The second generic-detection
means detects the second generic-chip-code signal em-
bedded in the second spread-spectrum-communications
signal communicated from the second spread-spectrum-
base station. After detection of the second generic-chip-
code signal the second generic-detection means outputs
a second detected signal. The comparator means gener-
ates a comparison signal by comparing the first detected
signal with the second detected signal. The comparison,
in a preferred embodiment, includes determining a rela-
tive time of arrival between the second detected signal
and the first detected signal, by comparing the time of
arrival of the second detected signal with the time of
arrival of the first detected signal. In an alternate em-
bodiment, the comparison includes determining a rela-
tive distance-from-base-station using the time of arrival
between the second detected signal and the first de-
tected signal, by comparing the time of arrival of the
second detected signal with the time of arrival of the
first detected signal. Another alternate embodiment has
the comparison include determining a relative power
level between the second detected signal and the first
detected signal, by comparing the power level of the
second detected signal with the power level of the first
detected signal.

By repetitively changing the generic-chip-code signal
used by the second generic-detection means, the N-1
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spread-spectrum-communications signals are effec-
tively scanned. Thus, the second detected signal can be
a voltage level, derived from the comparing step, which
is proportioned in time, in distance, or in power level,
respectively, to the N-1 generic-chip-code signals ema-
nating from the N-1 neighboring base stations detected
by determining relative time-of-arrival, relative dis-
tance, relative change in distance, or relative power
level, respectively.

Furthermore, the step of comparing can also be im-
plicit in that, if distances are the only values scanned for
mobile stations with distances less that the distance to
the first base station, the mobile stations that are de-
tected are probably better candidates than the mobile
stations in the current link. The determination that there
is a more desirable candidate, on the basis of the criteria
described above, can be made at the mobile station and
at either base station, or alternately at the switch con-
troller if all the information is made available to the
selected decision point.

Having detected a candidate user radio device for
possible hand-off, the control means notifies the candi-
date user radio device to select a generic-chip-code
sequence to carry bearing data for transmitting the
bearing data. The second base station despreads the
transmitted generic-chip-code signal and the second
base station responds by assigning a generic-chip-code
signal channel as a supervisory control channel for
bearing data including hand-off information and for
passing the hand-off information between the first base
station and the second base station or between the mo-
bile station and either the first base station or the candi-
date second base station. The hand-off information can
thus be conveyed to the mobile station and to the switch
controller by either of the base stations.

When the second base station determines if it should
adopt the mobile station, the second base station sends a
message to the mobile station indicating that the second
base station will serve as a parent device to the mobile
station. The second base station then sends a message
through the mobile station to the first base station indi-
cating to the first base station that the second base sta-
tion is ready for a hand-off of the mobile station. The
first base station notifies the switch controller, and the
switch controller switches the information channel over
to the second base station as well as indicates to the first
base station that the first base station is to remove the
link from the first base station to the mobile station.

Upon receiving the chip codewords from the first
base station, the message-spread-spectrum-processing
means at the mobile station breaks communications
with the first base station, and the first base station
further communicates with the mobile station only
through the second base station.

If required, the chip-codeword-synchronization
means at the mobile station synchronizes the message-
spread-spectrum-processing means and the detection
means to the second generic-chip-code signal. Resyn-
chronization may not be required if all the base stations
are synchronized to a2 common clock or timing signal.
Accordingly, the message-spread-spectrum-processing
means at the mobile station despreads the second
spread-spectrum-communications signal transmitted
from the second base station. At this point the second
generic-spread-spectrum-processing means is locked
onto the second generic-chip-code signal and the first
generic-spread-spectrum-processing means is used for
repetitively searching for a generic-chip-code signal
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emanating from a neighboring cell and meeting the
criteria for hand-off.

The present invention also includes a method for
controlling hand-off in a spread-spectrum-CDMA-com-
munications system of a radio device moving from a
first cell having a first base station which transmits a
first spread-spectrum-communications signal with a
first generic-chip-code signal embedded therein, toward
a second cell having a second base station which trans-
mits a second spread-spectrum-communications signal
with a second generic-chip-code signal embedded
therein. The spread-spectrum-CDM A-communications
system has a control unit for switching message data,
spread-spectrum processed with a first set of message-
chip code signals embedded in the first spread-spec-
trum-communications signal transmitted from the first
base station, to the second spread-spectrum-communi-
cations signal spread spectrum processed with a second
set of message-chip-code signals transmitted from the
second base station.

The method has the step of scanning a plurality of
generic-chip-code signals until a generic-chip-code sig-
nal which produces a time of arrival at an output of a
detector, with the generic-chip-code signal, when com-
pared to the time of arrival of the first generic-chip-
code signal, having a shorter in time of arrival, i.e. with
the second base station being closer to the mobile sta-
tion than the first base station, and having a greater
power level than the other scanned generic-chip-code
signals, and also crosses, e.g. exceeds, a preset value
threshold. The generic-chip-code signal that meets this
criteria is labeled the second generic-chip-code signal.

The method includes detecting the first generic-chip-
code signal embedded in the first spread-spectrum-com-
munications signal communicated from the first base
station, detecting the second generic-chip-code signal
embedded in the second spread-spectrum-communica-
tions signal communicated from the second base station
and outputting a first detected signal and a second de-
tected signal, respectively. The method generates a
comparison signal by comparing the time of arrival of
the second detected signal with the time of arrival of the
first detected signal. In an alternate embodiment, the
method generates a comparison signal by determining a
relative distance-from-base-station using the time of
arrival between the second detected signal and the first
detected signal, by setting the state of the second gener-
ic-chip-code which has the detector only detecting base
stations closer in range than the first base station, by
comparing the time of arrival of the second detected
signal with the time of arrival of the first detected sig-
nal. Another alternate embodiment of the method has
the method generate a comparison signal by determin-
ing a relative power level between the second detected
signal and the first detected signal, by comparing the
power level of the second detected signal with the
power level of the first detected signal. In addition, a
further embodiment only scans over distances that are
less than the distance between the mobile station and the
first base station.

Using message-spread-spectrum-processing means,
the method despreads the spread-spectrum-communica-
tions signal as a modulated-data signal. When the com-
parison signal is greater than a threshold, the message-
spread-spectrum-processing means uses the first gener-
ic-chip-code signal for processing the first spread-spec-
trum-communications signal transmitted from the first
base station. When the comparison signal, by way of
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example, is initially detected, then first hand-off data is
sent as signalling data from the mobile station to the first
base station and to the second base station. After suc-
cessfully completing quality measurements on the links
between the mobile station and each of the first base
station and the second base station, with the second base
station indicating that the second base station is ready to
adopt the mobile station, the first base station then noti-
fies control means to hand-off the mobile station to the
second base station. One or more chip codewords are
sent from the control means through the first base sta-
tion to the mobile station. The mobile station then
breaks communications with the first base station and
initiates spread-spectrum communications with the sec-
ond base station, using the one or more chip codewords
received from the control means. Through the second
base station, the generic-spread-spectrum-processing
means at the mobile station uses the second generic-
chip-code signal for receiving the second spread-spec-
trum-communications signal transmitted from the sec-
ond base station.

Additional objects and advantages of the invention
are set forth in part in the description which follows,
and in part are obvious from the description, or may be
learned by practice of the invention. The objects and
advantages of the invention also may be realized and
attained by means of the instrumentalities and combina-
tions particularly pointed out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illus-
trate preferred embodiments of the invention, and to-
gether with the description serve to explain the princi-
ples of the invention.

FIG. 1 is a diagram of a cellular, spread-spectrum-
CDMA-communications system including two base
stations and a control unit;

FIG. 2 is a diagram of cellular, spread-spectrum
CDMA showing a typical example of chip codeword
reuse;

FIG. 3 shows a synchronous spread-spectrum trans-
mitter at a base station;

FIG. 4 is an expanded diagram of the radio device for
the mobile station;

FIG. 5is an expanded diagram of the radio device for
the mobile station;

FIG. 6 is an expanded diagram of a message portion
of a radio device;

FIG. 7 is a timing diagram of a protocol; and

FIGS. 8A-8D comprise a flowchart of a method for
handing off between two cellular base stations.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Reference is now made in detail to the present pre-
ferred embodiments of the invention, examples of
which are illustrated in the accompanying drawings,
wherein like reference numerals indicate like elements
throughout the several views.

The system for controlling hand-off in a spread-spec-
trum-CDMA -communications system of a radio device
moving between a first cell having a first base station
and a plurality of cells, with each cell of the plurality of
cells having a base station, and adjacent to the first cell,
comprises means for transmitting, from the first base
station, a first spread-spectrum-communications signal
having a first chip-codeword sequence; means for trans-
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mitting in time synchronization from a plurality of base
stations a plurality of spread-spectrum-communications
signals with each of the plurality of spread-spectrum
signals having a chip-codeword sequence different from
the first chip-codeword sequence of the plurality of
chip-codeword sequences; means for scanning, at the
radio device, the plurality of spread spectrum-com-
munications signals from the plurality of cells adjacent
to the first cell; means for determining a relative time
between receiving the first spread-spectrum-communi-
cations signal and a second spread-spectrum signal from
the plurality of spread spectrum signals; and means,
responsive to the relative time being compared to a time
threshold, for initiating a2 hand-off for communicating
between the radio device and the first base station to
communicate between the radio device and a second
base station transmitting the second spread-spectrum-
communications signal. The means for initiating the
hand-off may further include means for comparing the
relative time to the time threshold; and means for initiat-
ing the hand-off in response to the relative time crossing
the time threshold.

The system may further include means for transmit-
ting, from the radio device, a third spread-spectrum-
communications signal having a third chip-codeword
sequence; means for determining, using ranging tech-
niques with the first spread-spectrum-communications
signal and the third spread-spectrum-communications
signal, a relative range between the first base station and
the radio device; and having the means for initiating the
hand-off initiating the hand-off in response to the rela-
tive time crossing a time threshold and the relative
range crossing a range threshold.

The arrangement disclosed in this specification has
particular use for handing-off of radio communication
in a2 mobile radiotelephone unit, moving from one cell to
another in a cellular infrastructure of a spread-spec-
trum-CDMA -communications system, without loss of
data bits. More particularly, the arrangement disclosed
herein is directed to ensuring that an attempted hand-off
of a radio unit in such an infrastructure is successful.

The present invention is illustrated, by way of exam-
ple, with a radio device moving from a first cell which
has a first base station, to a neighboring cell. The first
cell is assumed to be surrounded by N-1 cells. Each of
the base stations in these N-1 cells transmits a spread-
spectrum-communications signal using a chip-code sig-
nal which is different from the other cells and the first
cell.

All the base stations at the cells transmit the spread-
spectrum communication signal at the same carrier
frequency. The spread-spectrum communications sig-
nals may be transmitted continuously without interrup-
tion or in a time division multiple access (TDMA)
mode. The radio devices typically all transmit at a sec-
ond carrier frequency which is different from the car-
rier frequency used by the base stations. The radio de-
vices may transmit on the same carrier frequency, how-
ever, as might be used in a TDMA mode.

The radio device scans the N-1 generic-chip-code
signals of the neighboring cells. The scanning continues,
in a preferred embodiment, until the time of arrival,
compared to the first generic-chip-code signal of the
detector which detects the scanned generic-chip-code
signals, is lesser than a time threshold or the time of
arrivals of the other scanned generic-chip-code signals.

In an alternate embodiment, the scanning continues
until the distance from the detector, compared to the
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first generic-chip-code signal of the detector which
detects the scanned generic-chip-code signals, is closer
than a distance threshold or the distances of the other
scanned generic-chip-code signals.

In a further embodiment, when the chip-code signals
of the first base station are synchronized with the chip-
code signals from the other base stations, the scanning is
performed only during the interval that the codes are
arriving from the base stations within a shorter range
than the range from the first base station. Therefore,
when a predetermined power level is detected, the base
stations transmitting at least the predetermined power
level are considered good candidates for further evalua-
tion for hand-offs.

Another alternate embodiment has the scanning con-
tinue until the power level, compared to the first gener-
ic-chip-code signal of the detector which detects the
scanned generic-chip-code signals, is greater than a
power level threshold or the power levels of the other
scanned generic-chip-code signals.

In addition, in one embodiment, the scanning may be
limited to cover only ranges within the range of the first
cell. Altematively, the scanning may continue until the
output voltage level of the detector which detects the
scanned generic-chip-code signals crosses a preset value
threshold and is greater than the output voltage levels
of the other scanned generic-chip-code signals. The
generic-chip-code signal which meets one of these crite-
ria is deemed to originate from a second cell which has
a second base station.

FIG. 1 illustrates a unique cellular spread-spectrum-
CDMA-communications system which, in simplified
form, includes a first base station 124 and a second base
station 126 for two geographic spread-spectrum-
CDMA communications areas, i.e. cells 112, 114, re-
spectively. In a preferred embodiment six cells are adja-
cent to a given cell, as shown for the second cell 114.
Each cell adjacent to the given cell, i.e. the second cell
114, uses a different chip codeword from the second cell
114 and from each other. This permits reuse of chip
codewords.

FIG. 2 illustrates generic chip codeword reuse in a
cellular CDMA environment, where the N-1 cells adja-
cent to a particular cell using generic chip codeword A,
use N-1 different generic chip codewords, respectively.
There are N generic-chip-code signals used in a COMA
cellular system which has a total of M cells (M > >N).
The generic-chip-code signals are repeatedly used in the
cells, such that the cells with the same generic-chip-
code signals are a maximum distance apart, and no two
adjacent cells use the same genericchip-code signal.
FIG. 2 shows for N=7 there are six adjacent cells using
six different generic chip codewords, B, C, D, E, F and
G. This pattern is repeated throughout the cellular geo-
graphic area. If a sufficient number of codewords are
available, the reuse of chip codewords may be expanded
to the next adjacent cells.

Referring to FIG. 1, for the first cell 112, the first
base station 124 includes first transmitting means, em-
bodied as a first spread-spectrum transmitter, for trans-
mitting a first spread-spectrum-communications signal
with a first generic-chip-code signal embedded therein.
The first base station 124 also has first receiving means,
embodied as a first spread-spectrum receiver, for re-
ceiving a spread-spectrum-communications signal, with
the first generic-chip-code signal embedded therein.
For the second cell 112, the second base station 124
includes second transmitting means, embodied as a sec-
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ond spread-spectrum transmitter, for transmitting a
second spread-spectrum-communications signal with a
second generic-chip-code signal embedded therein. The
second base station 124 also includes second receiving
means, embodied as a second spread-spectrum receiver,
for receiving a spread-spectrum-communications signal,
with the second generic-chip-code signal embedded
therein. The generic-chip-code signals for transmitting
and receiving at a particular base station may be the
same or different.

The spread-spectrum-CDMA-communications sys-
tem has control means, embodied as a control unit 130,
for switching message and signaling data, spread-spec-
trum processed with a message-chip-code signal embed-
ded in the first spread-spectrum-communications signal
transmitted from the first base station, to the second
spread-spectrum-communications signal transmitted
from the second base station.

Each of the base stations in each cell of FIG. 2 trans-
mits in time synchronization with each other. By way of
example, the first generic-chip-code signal is in time
synchronization with the second generic-chip-code
signal. Similarly, the first generic-chip-code signal and
the second generic-chip-code signal are in time syn-
chronization with the third generic-chip-code signal.
Thus, each generic-chip-code signal of each base station
are transmitted in time synchronization. Time synchro-
nization can be implemented with a common clock or
timing signal used by each base station. By time syn-
chronization is meant that the first chip through n® chip
of each generic-chip-code signal are transmitted simul-
taneously in time, from each base station. This permits a
mobile radio unit to determine relative times of arrival
of each generic-chip-code signal, or, in alternate em-
bodiments, to determine relative distances of each gen-
eric-chip-code signal, or in another embodiment, rela-
tive power levels of each generic-chip-code signal. For
each embodiment, the initiating means responds to the
relative time, relative distance, or relative power, re-
spectively, for initiating a hand off for communicating
between the radio device and the first base station to
communicate between the radio device and the second
base station.

In a preferred embodiment, the time determining
means of the radio device is embodied as a timing circuit
for determining a relative time of arrival between re-
ceiving the first spread spectrum-communications sig-
nal and the second spread-spectrum-communications
signal, and the initiating means is embodied as a hand-
off circuit for initiating the hand-off in response to the
relative time crossing a time threshold. In addition, the
radio device may include, in another embodiment,
range determining means, embodied as a ranging cir-
cuit, for using ranging techniques with the first spread-
spectrum-communications signal and the third spread-
spectrum-communications signal, for determining a
relative range between the first base station and the
radio device, with the hand-off circuit including means
for initiating the hand-off in response to the relative
time crossing a time threshold and the relative range
crossing a range threshold.

For purposes of exemplifying the hand-off operation
of the present invention, a mobile station 122 which has
an improved radio device is depicted in transition from
the first cell 112 to the second cell 114. Overall control
of the first base station 124 and the second base station
126 is provided by a signal processing unit of a cellular
switch controller, located in a control unit 130.
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Each base station and mobile station has respective
transmitting means, embodied as a respective transmit-
ter, for transmitting the spread-spectrum-communica-
tions signal, which may include a plurality of spread-
spectrum-processed signals for handling a plurality of
message and signalling data. The transmitter is coupled
to a plurality of message means and a plurality of
spreading means. Referring to FIG. 3, the plurality of
message means may be embodied as a plurality of trans-
mitter-message-chip-code generators and the plurality
of spreading means may be embodied as a plurality of
EXCLUSIVE-OR gates. The plurality of transmitter-
message-chip-code generators generates a plurality of
message-chip-code signals. The plurality of transmitter-
message-chip-code generators is shown as first transmit-
ter-message-chip-code generator 102 generating first
message-chip-code signal, gi(t), second transmitter-
message-chip-code generator 172 generating second
message-chip-code signal, ga(t), through N transmit-
ter-message-chip-code generator 182 generating N7
message-chip-code signal, gn(t). The plurality of EX-
CLUSIVE-OR gates is shown as first EXCLUSIVE-
OR gate 103, second EXCLUSIVE-OR gate 173,
through N#2 EXCLUSIVE-OR gate 183. The plurality
of EXCLUSIVE-OR gates generates a plurality of
spread-spectrum-processed signals by modulo-2 adding
the plurality of message and signalling data d1(t), da(t),
..., dp(t) with the plurality of message-chip-code sig-
nals gi1(t), g2(t), . - . , gn(t), respectively. More particu-
larly, the message data, d(t), are modulo-2 added with
the first message-chip-code signal, gi(t), the signalling
data, da(t), are modulo-2 added with the second mes-
sage-chip-code signal, gy(t), through the N message
and/or signalling data, da(t), which are modulo-2
added with the N message-chip-code signal, gn(t).

The transmitter-generic-chip-code generator 101 is
coupled to the plurality of transmitter-message-chip-
code generators and the source for the plurality of mes-
sage and signalling data, d;(t), da(t), . . . dn(t). The
generic-chip-code signal go(t), in a preferred embodi-
ment, provides synchronous timing for the plurality of
message-chip-code signals gi(t), g2(t), . . . , gn(t), and
the plurality of message -and signalling data d;(t), da(t),
.o, dN(D).

The combiner 105 combines the generic-chip-code
signal and the plurality of spread-spectrum-processed
signals, by adding the generic-chip-code signal with the
plurality of spread-spectrum-processed signals. The
combined signal typically is a multilevel signal, which
has the instantaneous voltage levels of the generic-chip-
code signal and the plurality of spread-spectrum-proc-
essed signals.

The modulator 107, as part of the transmitter, modu-
lates the combined generic-chip-code signal and the
plurality of spread-spectrum-processed signals by a
carrier signal, cos wet, at a carrier frequency, f,, where
we=27f,. The modulated generic-chip-code signal and
the plurality of spread-spectrum processed signals are
transmitted over the communications channel as a
spread-spectrum-communications signal, x/t). While
the transmitter may use a linear power amplifier for
optimum performance, a nonlinear power amplifier also
may be used without significant degradation or loss in
performance.

For the spread-spectrum-CDMA-communications
system, illustrated in FIG. 1, the first spread-spectrum-
communications signal, x.1(t), transmitted from the first
base station has the form:
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N
xc1(®) = {glo(t) + iil [g1)) + d149] }ﬁoswat

Thus, the first spread-spectrum-communications sig-
nal includes the first generic-chip-code signal, gio(t),
and a first plurality of spread-spectrum-processed sig-
nals, for i=1, ..., N, as if they were each modulated
separately, and synchronously, on separate carrier sig-
nals with the same carrier frequency, f,, and transmitted
over the communications channel.

Similarly, the second spread-spectrum-communica-
tions signal, x(t), transmitted from the second base
station 126 has the form:

M
xa(t) = (gzo(t) + ; 51 [22/8) + d2fD)] }ﬁoswot

Thus, the second spread-spectrum-communications
signal includes the second generic-chip-code signal,
g20(t), and a second plurality of spread-spectrum-proc-
essed signals, for j=1, ..., M, as if they were each
modulated separately, and synchronously, on separate
carrier signals with the same carrier frequency, f,, and
transmitted over the communications channel.

The improved mobile-user, hand-held, radio device
for the mobile station 122 includes a cellular antenna,
first generic-detection means, second generic-detection
means, comparator means, control means, message-
spread-spectrum-processing means, message-detection
means and synchronization means. In FIG. 4, elements
of the radio device, by way of example, are shown in
expanded form. A cellular antenna 301 is coupled
through a low noise amplifier (LNA) 303, down con-
verter 305 and automatic gain control (AGC) 307 to a
first receiver mixer 308 and a second receiver mixer
309. The first receiver mixer 308 is coupled to a signal
source 311, and the second receiver mixer 309 is cou-
pled through a 90° phase shifter 312 to the signal source
311. The first receiver mixer 308 multiplies the local
signal from the signal source 311 with a received signal
to generate an in-phase signal. The second mixer 309
multiplies the 90° phase-shifted version of the local
signal from the signal source 311 with the received
signal to generate a quadrature-phase signal.

The first generic-detection means and the second
generic-detection means as illustrated in FIG. 5 may be
embodied using a correlation receiver such as a first and
second generic-chip-code generator 615, 625, first and
second mixer 617, 627 and first and second bandpass
filter 616, 626, or, as illustrated in FIG. 4, may be em-
bodied using a second and fourth matched filter 325,
327 and a second and fourth detector 326, 328. The
generic-chip-code generators and matched filter typi-
cally are programmable or adjustable, for adapting to
different generic-chip-code signals embedded in spread
spectrum-communications signals, transmitted from
each base transmitter in different cells.

The controller means, embodied as a chip-code con-
troller 340, sets which generic-chip-code signal the
correlation receiver or matched filter is using. The chip-
code controller 340 can repetitively change the generic-
chip-code signal used by the correlations receiver or
matched filter, so as to effectively scan through a plural-
ity of generic-chip-code signals. In the cellular architec-
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ture of FIG. 1, the scanning would move through
N-1=35 generic-chip-code signals which correspond to
the five neighboring cells.

The first generic-detection means is shown in FIG. 4,
by way of example, embodied as including at least a first
matched filter 315 and a first detector 316, and may
further include a third matched filter 317 and a third
detector 318. The first matched filter 315 is coupled
between the first receiver mixer 308 and the first detec-
tor 316, and the third matched filter 317 is coupled
between the second receiver mixer 309 and the third
detector 318. The outputs of the first detector 316 and
the third detector 318 are combined by first combiner
319. The first matched filter 315 and the third matched
filter 317 have an impulse response matched to the first
generic-chip-code signal. For the particular combina-
tion shown, the first matched filter 315 and first detec-
tor 316 detect the in-phase component of the received,
first generic-chip-code signal. The third matched filter
317 and third detector 318 detect the quadrature-phase
component of the received, first generic-chip-code sig-
nal.

A spread spectrum correlator may be used in place of
a matched filter. The first generic-detection means is
shown in FIG. 5 as a spread-spectrum correlator in-
cludes a first generic-chip-code generator 615, first
generic mixer 617, first generic-bandpass filter 616 and
first generic detector 618.

The second generic-detection means is shown in
FIG. 4 embodied as including at least a second matched
filter 325 and a second detector 326, and may further
include a fourth matched filter 327 and a fourth detector
328. The second matched filter 325 is coupled between
the first receiver mixer 308 and the second detector 326,
and the fourth matched filter 327 is coupled between
the second receiver mixer 309 and the fourth detector
328. The outputs of the second detector 326 and the
fourth detector 328 are combined by second combiner
329. The second matched filter 325 and the fourth
matched filter 327 have impulse responses matched to
the second generic-chip~-code signal. For the particular
combination shown, the second matched filter 325 and
second detector 326 detect the in-phase component of
the received, second generic-chip-code signal. The
fourth matched filter 327 and the fourth detector 328
detect the quadrature-phase component of the received,
second generic-chip-code signal.

A spread spectrum correlator may be used in place of
a matched filter. Thus, the first generic-detection means
is shown in FIG. 5 as a spread-spectrum correlator
including a second generic-chip-code generator 625,
second generic mixer 627, second generic-bandpass
filter 626 and second generic detector 628.

The comparator means may be a comparator 330.
The comparator 330 may be embodied as a differential
amplifier, which produces a comparison signal at D.
The comparator 330 is coupled to the output of the first
combiner 319 and the output of the second combiner
329.

The first matched filter 315 and the first detector 316,
along with the third matched filter 317 and the third
detector 318, detect the first generic-chip-code signal
embedded in the first spread-spectrum-communications
signal, which is communicated from the first base sta-
tion. The outputs of the first detector 316 and third
detector 318 are combined by first combiner 319, and
the detected first generic-chip-code signal is outputted
as a first detected signal. The second matched filter 325
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and the second detector 326, along with the fourth
matched filter 327 and the fourth detector 328, detect
the second generic-chip-code signal sequentially and
repetitively N-1 generic-chip-code signals until the gen-
eric-chip-code signal which produces a voltage level at
an output of the second combiner 329 is greater than the
other scanned generic-chip-code signals and also
crosses a preset value threshold. The generic-chip-code
signal which meets this criteria is deemed to originate
from the second spread-spectrum-communications sig-
nal, which is communicated from the second base sta-
tion. The output of the second detector 326 and fourth
detector 328 are combined by second combiner 329, and
the detected second generic-chip-code signal is output-
ted as a second detected signal.

The comparator 330 compares the first detected sig-
nal with the second detected signal, and outputs a com-
parison signal. In a preferred embodiment, the compara-
tor 330 compares the time of arrival of the second de-
tected signal with respect to the first detected signal.
The comparison signal accordingly represents a relative
time between the second detected signal with respect to
the first detected signal. Since each spread-spectrum-
communications signal is transmitted in time synchroni-
zation, the relative time, accordingly, is the time be-
tween receiving the second spread-spectrum-communi-
cations signal and the first spread-spectrum-communi-
cations signal. This comparison can be performed by
appropriate timing and logic circuits, or a processor.
The design of the timing and logic circuits, or program-
ming of a processor to perform the comparison, is well
known in the art. The comparison, alternatively or in
addition, may be performed, for example, by subtract-
ing the second detected signal from the first detected
signal, using a differential amplifier.

In an alternate embodiment, the comparison includes
determining a relative distance-from-base-station using
the time of arrival between the second detected signal
and the first detected signal, by comparing the time of
arrival of the second detected signal with the time of
arrival of the first detected signal. Another alternate
embodiment has the comparison include determining a
relative power level between the second detected signal
and the first detected signal, by comparing the power
level of the second detected signal with the power level
of the first detected signal.

When the comparison signal is greater than a preset
value threshold, the message-spread-spectrum process-
ing means uses the first generic-chip-code signal for
processing the first spread-spectrum-communications
signal transmitted from the first base station. When the
comparison signal is less than the preset value thresh-
old, the message-spread-spectrum-processing means
uses the second generic-chip-code signal for processing
the second spread-spectrum-communications signal
transmitted from the second base station.

As a function of the comparison signal, or relative
time, the radio device can initiate hand-off for commu-
nicating between the radio device and the first base
station to communicate between the radio device and
the second base station. For example, when the compar-
ison signal is compared to a time threshold, hand-off
from the first base station to the second base station can
be initiated when the comparison signal crosses the time
threshold.

If 2 common clock or timing signal is used by all the
base stations, then chip-codeword-synchronization
means is not required. If a common clock or timing
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circuit is not used, then chip-codeword synchronization
means is required. Many combinations of circuit ele-
ments may be used to accomplish the function of the
chip-codeword-synchronization means. FIGS. 4 and 5
show, by way of example, a chip-codeword controller
340. The chip-codeword controller 340, in response to
the comparison signal being greater than a preset value
threshold, can cause the message-spread-spectrum-
processing means to despread a received spread-spec-
trum signal using a first message-chip-code signal. The
first message-chip-code signal is assumed the appropri-
ate chip-code signal using the chip codewords for de-
spreading a desired spread-spectrum channel in the first
spread-spectrum-communications signal communicated
from the first base station. When the comparison signal
is less than the preset value threshold, the chip-
codeword controller 340 can cause the message-spread-
spectrum-processing means to despread a received
spread spectrum signal using a second message-chip-
code signal. The second message-chip-code signal is
assumed the appropriate chip-code signal using the chip
codeword for despreading the desired spread-spectrum
channel in the second spread-spectrum-communications
signal communicated from the second base station.
The chip-codeword controller 340 can facilitate
searching for a generic-chip-code signal embedded in a
spread-spectrum-communications signal transmitted
from a neighboring cell. Assume that the mobile station
122 is located in a first cell 112. Assume further that a
total of N different generic-chip-code signals are used in
the system to identify cells. Since the mobile station 122
is assumed located in the first cell 122 and operating
with the first generic-chip-code signal, the mobile sta-
tion 122 has a possible N-1 generic-chip-code signals
through which to search. Any one of the N-1 generic-
chip-code signals may be embedded in a spread-spec-
trum-communications signal transmitted from a neigh-
boring cell. The chip-codeword controller 340 can se-
quentially rotate through the N-1 generic-chip-code
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signals to sequentially change the impulse response of 40

the second and fourth matched filter 325, 327, or if a
correlation receiver is used, of a second generic-chip-
code generator 625 which outputs a generic-chip-code
signal for mixing with a second mixer 627, the received
spread-spectrum-communications signal. The chip-
codeword controller 340 determines the range to the
first base station by determining the time delay in the
number of chips buffered in the roundtrip path between
the mobile station and the first base station. If the num-
ber of buffered chips is P then the state of the first gen-
eric-chip-code at.the mobile station is P/2. The other
N-1 generic-chip-codes also contain a state of P/2, so
while the chip-code controller 340 scans each of the N-1
generic-chip-code signals, the chip-code controller 340
begins with P/2 states equivalent to the distance to the
first base station. The chip-code controller 340 counts
down and scans over a limited number of states within
a distance less than the current path to the first base
station. When the detector detects a power level above
a predetermined power level, the mobile station is
closer to the second base station than the first base
station, and the mobile station does not detect base
stations beyond the distance to the first base station
since the chip-code controller 340 prevents the correla-
tors from scanning for possible signals corresponding to
base stations beyond the first base station.

The method of the present invention is performed by
the mobile station only upon receiving the generic-
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spread-spectrum signal from the second base station.
For communicating back to the second base station, the
mobile station selects one of the generic chip codes
assigned to the second base station to allow the mobile
station to communicate with the second base station.
The mobile station sends, to the second base station, the
selected generic chip code and a signal indicating that
the mobile station is ready to hand-off to the second
base station. The second base station responds by as-
signing an information bearing generic chip code chan-
nel allowing the second base station and the mobile
station to pass supervisory signals to each other, while
user information is also passed between the mobile sta-
tion and the first base station. The mobile station also
notifies the first base station that the mobile station has
connected with the second base station.

The comparator means may further be embodied as
part of a digital signal processor, which compares the
relative time of arrival of the second detected signal for
each of the N-1 generic-chip-code signals. In one alter-
nate embodiment, the comparator means may further be
embodied as part of a digital signal processor, which
compares the relative distance of the second detected
signal for each of the N-1 generic-chip-code signals. In
another alternate embodiment, the comparator means
may further be embodied as part of a digital signal pro-
cessor, which compares the relative distance of the
second detected signal for each of the N-1 generic-chip-
code signals.

The comparator means, after detecting the second
detected signal which has the closest relative value and
which also surpasses, i.e. crosses, a preset value thresh-
old, can set the chip-codeword controller 340 to “lock-
on” to the corresponding generic-chip-code signal. The
relative value may be a relative time of arrival, a rela-
tive distance, or a relative power level, depending on
the respective embodiment. The “lock-on” can be per-
formed by setting the impulse response of the second
and fourth matched filters 325, 327 to the second de-
tected signal. The searched and acquired generic-chip-
code signal is referred to as the second generic-chip-
code signal for handing-off between the first cell 112
and second cell 114.

FIG. 1 shows, by way of example, each cell having
six adjacent cells. Thus, a total of seven (N=7) generic-
chip-code signals are used, one for the first cell 112, and
one each for the six adjacent cells. While the mobile
station 122 is locked onto the first generic-chip-code
signal of the first cell 112, the chip-codeword controller
340 would scan through the six generic-chip-code sig-
nals of the adjacent cells. In the preferred embodiment,
the scanning would begin at a point in the generic-chip-
code signals which is closer to the mobile station than to
the first base station.

When the chip-codeword controller 340 is set to
lock-on to the corresponding generic-chip-code signal,
then through the chip-codeword controller 340 can use
the first and third matched filters 315, 317 for scanning
for the generic-chip-code signal which meets the crite-
ria for the next hand-off. Thus, the chip-codeword con-
troller 340 can flip back and forth between first generic-
detection means and second generic-detection means
using one for detecting the generic channel in the
spread-spectrum-communication signal currently being
received and the other for scanning.

FIG. 6 shows an expanded diagram of the message-
spread-spectrum-processing means embodied, by way
of example, as a message receiver, which can be used
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with the present invention. The message-spread-spec-
trum-processing means, as illustrated in FIG. 6, includes
a first message-chip-code generator 401 and a first mes-
sage mixer 403. The message-spread-spectrum-process-
ing means additionally may include a second message-
chip-code generator 405 and a second message mixer
407. The first message mixer 403 and the second mes-
sage mixer 407 may be coupled through a power splitter
409 to the cellular antenna. Alternatively, only the first
message-chip-code 401 generator is sufficient since the
chip-codeword controller 340 can change the message-
chip-code signal almost instantly with the first message-
chip-code generator 401.

Also shown are electronic switch 413, bandpass filter
415, detector 417, low-pass filter 419, sampler 421 and
bit synchronizer 423. The first message mixer 403 is
coupled between the power splitter 409 and the elec-
tronic switch 413, and to the first message-chip-code
generator 401. The second message mixer 407 is cou-
pled between the power splitter 409 and the electronic
switch 413, and to the second message-chip-code gener-
ator 405. The first message-chip-code generator 401 and
the second message-chip-code generator 405 are cou-
pled, B, to the chip-codeword controller 340 of FIGS.
4 and 5. The bandpass filter 415, detector 417, lowpass
filter 419 and sampler 421 are connected in series, re-
spectively, at the output of the electronic switch 413. A
bit synchronizer 423 is connected to the lowpass filter
419 and sampler 421, and to latch and generic signal
timing circuit 335 of FIGS. 4 and 5.

For the embodiment shown in FIG. 6, when the
mobile station 122 is in transition from the first cell 112
to the second cell 114 of FIG. 1, the first message-chip-
code generator 401 uses a replica of the first message-
chip-code signal which was transmitted by a first trans-
mitter as illustrated in FIG. 3, and located at the first
base station 124. The first message-chip-code signal is
used by the first transmitter to spread-spectrum process
message data. Additional message-spread-spectrum-
processing means may be used for receiving additional
message data and signalling data channels.

As the mobile station 112 approaches the second cell
114, the comparator means detects the second detected
signal which has the closest relative time and crosses
the preset value threshold, the chip-codeword control-
ler 340 sets a replica of the second message-chip-code
signal to the second message-chip-code generator 405.
Accordingly, the second message-chip-code generator
405 uses a replica of the second message-chip-code
signal which is used with a second transmitter as illus-
trated in FIG. 3, and located at the second base station
126. The second message-chip-code signal is used by the
second transmitter to spread-spectrum process message.
The chip codeword used for generating the second
message-chip-code signal is communicated to the mo-
bile station 112 using a signalling channel, in response to
the mobile station 112 sending hand-off data to the first
base station. Additional message-spread-spectrum-proc-
essing means may be used and switched from using the
first set of message-chip-code signals to the second set
of message-chip-code signals, for receiving message
data and signalling data channels.

While the mobile station 122 is located in the first cell
112, the first detector 316 and the third detector 318
detect the first generic-chip-code signal transmitted
from the first transmitter, and output the first detected
signal. As the mobile station 122 moves toward the
second cell 114, the second detector 326 and fourth
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detector 328 detect the second generic-chip-code signal
transmitted from the second transmitter, and output the
second detected signal. As previously mentioned, the
second generic-chip-code signal and consequently the
second detected signal, may be derived from scanning
N-1 generic-chip-code signals.

When the first detected signal is greater than the
second detected signal, the comparison signal at the
output of the comparator 330 is, by way of example, a
positive voltage level. The electronic switch 413, ac-
cordingly, causes the message portion of the radio de-
vice to receive the despread first spread-spectrum-com-
munications signal using the first message mixer 403.
This is illustrated in FIG. 7 with the mobile station
communicating with the first base station using spread
spectrum communications.

The mobile station 122 continuously receives one or
more spread-spectrum signals with each having a gener-
ic-chip-code signal. When the second detected signal,
due to one of the detected generic-chip-code signals, is
greater than the first detected signal, the comparison
signal at the output of the comparator 330 is, by way of
example, a negative voltage level, and the mobile sta-
tion 122 initiates the protocol to change to the second
base station 126. Thus, hand-off data, which indicate
change base station, are sent as signalling data through
a spread-spectrum channel from the mobile station 122
to the first base station 124, to hand-off the mobile sta-
tion 122 to a second base station 126. In response to
receiving the hand-off data, the first base station 124
notifies the control unit 130 to hand-off the mobile sta-
tion 122 to the second base station 126. The control unit
130 sends the first base station 124 the one or more
spread spectrum chip codewords, which are relayed to
the mobile station 122. The chip codewords are commu-
nicated through a spread-spectrum channel from the
first base station 124 to the mobile station 122 as signal-
ling data. The mobile station 122 uses the spread spec-
trum chip codewords for communicating with the sec-
ond base station 126. Upon receiving the chip code-
words, the message-spread-spectrum-processing means
at the mobile station 122 breaks communications with
the first base station 124 and initiates spread-spectrum
communications with and locks onto the second base
station 126. Also, the electronic switch 413, accord-
ingly, causes the message portion of the radio device to
receive the despread second spread-spectrum-com-
munications signal using the second message mixer 407.

Thus, depending on the setting of the electronic
switch 413, the output of either the first message mixer
403 or the second message mixer 407 is filtered by the
bandpass filter 415, detected by detector 417, filtered by
lowpass filter 419 and sampled by sampler 421.

The latch and generic signal timing circuit 335 is
coupled to the output of the first combiner 319 and the
output of the second combiner 329. The latch and ge-
neric signal timing circuit 335 latches to the stronger of
the first detected signal or the second detected signal,
and generates a timing signal synchronized to the stron-
ger of the first detected signal and the second detected
signal. The bit synchronizer 423, responsive to the tim-
ing signal from latch and generic signal timing circuit
335, controls the integrate and dump functions of the
lowpass filter 419 and sampler 421.

If the number of radio devices in a current cell ex-
ceeds a specified limit such as a load threshold, the
system of the present invention may perform a tech-
nique known as “shedding”, in which a first base station
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in a first cell locks up; i.e. prevents additional hand-offs
to radio devices entering the first cell. In addition, the
first base station may also “load down” the first cell by
instructing the radio devices outside a specified range
threshold to seek and initiate hand-offs to base stations
outside the first cell. In loading down the first cell, the
first base station may change the load threshold to a
lower number to handle fewer radio devices, or the first
base station may change the range threshold to a lower
setting and then instructing the radio devices outside
the revised range threshold; i.e. the radio devices fur-
thest out from the first base station, to initiate hand-offs
to base-stations outside the first cell.

For such shedding, the system has the first base sta-
tion further includes means for counting, embodied as a
counter, a number of radio devices within the first cell
as a count; and means, in response to the count crossing
the load threshold, for preventing a hand-off to a radio
device outside the range threshold. The first base sta-
tion may further include means for changing the load
threshold, or alternately, the first base station may fur-
ther include means for changing the range threshold.

The first base station also includes generating means,
which, in response to the count crossing a load thresh-
old, generates a transfer signal for instructing each radio
device outside the range threshold to initiate a respec-
tive hand-off the second base station. Further, each
radio device responds to the transfer signal by initiating
a respective hand-off to the second base station.

The present invention also includes a method for
controlling hand-off in a spread-spectrum-CDMA-com-
munications system, of radio devices moving from a
first cell having a first base station, toward a second cell
having a second base station. The first base station
transmits a first spread-spectrum-communications sig-
nal with a first generic-chip-code signal embedded
therein. The second base station transmits a second
spread-spectrum-communications signal with a second
generic-chip-code signal embedded therein. The first
spread-spectrum-communications signal and the second
spread-spectrum-communications signal are in time
synchronization with each other. Accordingly, the first
chip through n* chip of the first generic-chip-code
signal are transmitted at the same time as the first chip
through the n? chip of the second generic-chip-code
signal, respectively.

For radio devices moving from a first cell, having a
first base station transmitting a first spread-spectrum-
communications signal with a first generic-chip-code
signal embedded therein, toward a second cell having a
second base station for transmitting a second spread-
spectrum-communications signal with a second generic-
chip-code signal embedded therein, the spread-spec-
trum-CDMA -communications system has a control unit
for switching message data, spread-spectrum processed
with a message-chip-code signal embedded in the first
spread-spectrum-communications signal transmitted
from the first base station, to the second spread-spec-
trum-communications signal transmitted from the sec-
ond base station. Using the spread-spectrum-CDMA-
communications system, the hand-off method controls
hand-off of the radio devices using the steps of detecting
the first generic-chip-code signal embedded in the first
spread-spectrum-communications signal communicated
from the first spread-spectrum-base station and output-

ting a first detected signal; detecting the second generic-.
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second spread-spectrum-base station and outputting a
second detected signal; generating a comparison signal
by comparing time of arrival of the second detected
signal with the first detected signal; despreading, using
message-spread-spectrum-processing means, the
spread-spectrum-communications signal as a modulat-
ed-data signal; synchronizing, in response to the com-
parison signal being greater than a preset value thresh-
old, the message-spread-spectrum-processing means to
the first generic-chip-code signal for processing the first
spread-spectrum-communications signal transmitted
from the first base station; and synchronizing, in re-
sponse to the comparison signal being less than the
preset value threshold, the message-spread-spectrum-
processing means to the second generic-chip-code sig-
nal for receiving the second spread-spectrum-communi-
cations signal transmitted from the second base station.

In addition, the method for controlling hand-off in
the spread-spectrum-CDMA -communications system,
of a specific radio device moving from a first cell having
a first base station, toward a second cell having a second
base station, includes the steps of transmitting, from the
first base station, a first spread-spectrum-communica-
tions signal having a first chip-codeword sequence;
transmitting, from the second base station, a second
spread-spectrum-communications signal having a sec-
ond chip-codeword sequence, with the second chip-
codeword sequence of the second spread-spectrum-
communications signal different from, and time syn-
chronized with, the first chip-codeword sequence of the
first spread-spectrum-communications signal; receiving,
at the radio device, the first spread-spectrum-communi-
cations signal and the second spread-spectrum-com-
munications signal; determining a relative time between
receiving the second spread-spectrum-communications
signal and the first spread-spectrum communications
signal; and initiating, in response to the relative time, a
hand-off for communicating between the radio device
and the first base station to communicate between the
radio device and the second base station. The step of
initiating the hand-off includes the steps of comparing
the relative time to a time threshold; and initiating the
hand-off in response to the relative time crossing the
time threshold.

The method further includes the steps of transmitting,
from the radio device, a third spread-spectrum-com-
munications signal having a third chip-codeword se-
quence; determining, using ranging techniques with the
first spread-spectrum-communications signal and the
third spread-spectrum-communications signal, a rela-
tive range between the first base station and the radio
device; and having the step of initiating the hand-off
occurring in response to the relative time crossing a
time threshold and the relative range crossing a range
threshold. The method may further include the step of
requesting, from the radio device, a spread-spectrum
channel for communicating with the second base sta-
tion.

In an alternate embodiment, the method for control-
ling hand-off in a spread-spectrum-CDMA -communica-
tions system, of a radio device moving between a first
cell having a first base station and a plurality of cells,
with each cell of the plurality of cells having a base
station, and adjacent to the first cell, may include the
steps of transmitting, from the first base station, a first
spread-spectrum-communications signal having a first
chip-codeword sequence; transmitting in time synchro-
nization from a plurality of base stations a plurality of
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spread-spectrum-communications signals with each of
the plurality of spread-spectrum signals having a chip-
codeword sequence different from the first chip-
codeword sequence of the plurality of chip-codeword
sequences; scanning, at the radio device, the plurality of
spread-spectrum-communications signals from the plu-
rality of cells adjacent to the first cell; determining a
relative time between receiving the first spread-spec-
trum-communications signal and a second spread-spec-
trum signal from the plurality of spread-spectrum sig-
nals; and initiating, in response to the relative time being
compared to a time threshold, a hand-off for communi-
cating between the radio device and the first base sta-
tion to communicating between the radio device and a
second base station transmitting the second spread-spec-
trum-communications signal.

The step of initiating the hand-off includes the steps
of comparing the relative time to the time threshold;
and initiating the hand-off in response to the relative
time crosses the time threshold. The method may fur-
ther include the step of transmitting, from the radio
device, a third spread-spectrum-communications signal
having a third chip-codeword sequence; determining,
using ranging techniques with the first spread-spec-
trum-communications signal and the third spread-spec-
trum-communications signal, a relative range between
the first base station and the radio device; and initiating
the hand-off in response to the relative time crossing a
time threshold and the relative range crossing a range
threshold. The method may further include the step of
requesting, from the radio device, a spread-spectrum
channel for communicating with the second base sta-
tion. :

The spread-spectrum-CDMA-communications sys-
tem has a control unit for switching message and signal-
ling data, spread-spectrum processed with a message-
chip-code signal embedded in the first spread-spectrum-
communications signal transmitted from the first base
station, to the second spread-spectrum-communications
signal transmitted from the second base station.

Referring to FIGS. 8A-8D, the method includes the
steps of having the mobile station lock-on 502 to first
generic-chip-code signal; passing 504 user information
and supervisory/control information (power) between
the mobile station and the first base station; having the
first base station use 506 the supervisory/control chan-
nel to transmit neighbor codes 507; identifying 508,
using the mobile station, the state of first generic-chip-
code signal (P/2), code locked to first base station, at
the mobile station; having the mobile station input 510 a
neighbor code N and sets N to the state (P/2) of the first
generic-chip-code signal; searching 512 through code n,
using the mobile station, for a correlation over range of
(P/2)-10 chips to (P/2)-40 chips; checking 514 for a
correlation; indexing 516 the neighbor codes if there is
no correlation; decoding 518, at the mobile station, a
broadcast status channel from second base station to
select a handoff channel and to send a message; sending
520 a message, from the mobile station to the first base
station, of a successful correlation with the second base
station, the message including identification of the sec-
ond base station; determining 522, at the second base
station, a communication code for a link between the
mobile station and the second base station; transmitting
524, from the second base station to the mobile station,
the identity of the generic-chip-code to be used for the
communications link between the mobile station and the
second base station on the fast code assignment channel;
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making 526 resources available, at the second base sta-
tion, for establishing communications channels from the
mobile station; setting up 528, between the mobile sta-
tion and second base station, a spread spectrum commu-
nications channel between each other, using only the
supervisory/control portion of the channel, with the
channel assigned a temporary status; starting 530, at the
mobile station, an evaluation process of links between
the first base station and the mobile station by sending
the value of the transmittal power of the mobile station;
calculating 532 an index at the first base station, using
measures of link quality, loading, and range rate of
change; evaluating 534, at the second base station, the
index to check if the index is positive or negative. If the
index is negative, the method includes the steps of ter-
minating 536 a transmission lock-out for a cycle of ten
seconds, and returning to the step of indexing 516.
However, if the index is positive, the method includes
the step of evaluating 538 the index, at the second base
station, with loading measures, range rate of change
measures, and other parameters.

Concurrent with steps 530 to 534, the method further
includes the steps of transmitting 540 all zeroes from the
mobile station to the second base station; and perform-
ing 544 an error test over the frame at the second base
station. If the error test is not successful, the method
initiates the steps of asking 546 for a repeat of all ones
for 100 cycles; transmitting 540 all zeroes from the
mobile station; and initiates step 536 to terminate the
transmission. However, if the error test is successful, the
method initiates step 538 to evaluate parameters

At the step of evaluating 538, if the evaluation of
parameters is not successful, the method returas to step
536 to terminate the transmission. However, if the eval-
uation of parameters is successful, the method includes
the steps of sending 548, from the second base station,
an adopt message to the mobile station and to the first
base station through the mobile station, and changing
the status to normal; having the first base station to
notify 550 the switch controller to handoff; having the
second base station request 552 a trunk from the switch
controller for user traffic; and switching 554, at the
switch controller, the user traffic and ordering a tear
down of the link between the mobile station and the first
base station by issuing a tear down command.

Further, the method includes the steps of sending
556, from the first base station, in response to the tear
down command, a tear down message to the mobile
station, as well as to reassign resources; establishing 558
a trunk to the first base station; establishing 560 a trunk
to the second base station; having the second base sta-
tion assume 562 the primary entry role and sending a
new neighbor list to the mobile station; switching 564 at
the beginning of the next frame; switching 566 to a
switch matrix; and connecting 568 to a private switched
telephone network (PSTN).

In use, the first base station 124 transmits the first
spread-spectrum-communications signal, which in-
cludes a first generic-chip-code signal and message and
signalling data spread-spectrum processed with a first
message-chip-code signal. The second base station 126
transmits the second spread-spectrum-communications
signal, which includes a second generic-chip-code sig-
nal and message and signalling data spread-spectrum-
processed with a second message-chip-code signal. The
generic-chip-code signal embedded in the spread-spec-
trum-communications signal communicated from the
second base station is assumed to have been found from
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a searching algorithm, as described previously from a
multiplicity of spread-spectrum-communications sig-
nals. The radio device, which is in transition from the
first cell 112 to the second cell 114, receives the first
spread-spectrum-communications signal and the second
spread-spectrum-communications signal through the
cellular antenna, low noise amplifier 303 and down
converter 305. An AGC 307 adjusts the power or volt-
age level of the received signals. At least a first matched
filter 315 is coupled to the AGC, and has an impulse
response matched to the first generic-chip-code signal.
The first detector 315 detects a first pulse at an output of
the first matched filter 315 when the first generic-chip-
code signal passes through the first matched filter 315,
and outputs the detected signal as a first detected signal.
At least a second matched filter 325 is coupled to the
AGC 307 and has an impulse response matched to the
second generic-chip-code signal. The second detector
326 detects a second pulse at an output of the second
matched filter 325 when the second generic-chip-code
signal passes through the second matched filter. The
second detector 326 outputs a second detected signal.

In the preferred embodiment, a comparison signal is
generated by comparing the relative time of arrival of
the second detected signal with the first detected signal.
In an alternative embodiment, the comparison signal is
generated by comparing the relative distance of the
second detected signal with the first detected signal. In
another embodiment, the comparison signal is gener-
ated by comparing the relative power level of the sec-
ond detected signal with the first detected signal.

The first message-chip-code generator 401 generates
a replica of the first message-chip-code signal and the
second message-chip-code signal. The first message-
chip-code signal may be the same as the second mes-
sage-chip-code signal, depending on application.

The first message mixer 403 is coupled to the first
message-chip-code generator 401 and the cellular an-
tenna. Using the replica of the message-chip-code sig-
nal, the first message mixer 403 despreads the first
spread-spectrum-communications signal or the second
spread-spectrum-communications signal as a modulat-
ed-data signal. The message-bandpass filter filters the
modulated-data signal. The message detector demodu-
lates the modulated-data signal as received data.

A synchronization circuit is coupled to the compara-
tor. When the comparison signal crosses a threshold, i.e.
is greater than a threshold, the synchronization circuit
synchronizes the first message-chip-code generator 401
to the first generic-chip-code signal for receiving the
first spread-spectrum-communications signal which
was transmitted from the first base station 124. When
the comparison signal is less than the threshold, the
synchronization circuit synchronizes the receiver-mes-
sage-chip-code generator to the second generic-chip-
code signal for receiving the second spread-spectrum-
communications signal from which was transmitted the
second base station 126.

The control unit 130 which is coupled to the first base
station 124 and the second base station 126 switches the
message and signalling data spread-spectrum processed
with a message-chip-code signal, embedded in the first
spread-spectrum-communications signal transmitted
from the first base station 124, to the second spread-
spectrum-communications signal transmitted from the
second base station 126.

The message-chip-code signals for a particular base
station transmitter may be stored in a memory as part of
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the chip-codeword controller 340, or may be updated as
the mobile station 122 moves from cell to cell. In the
latter case, one of the message and signalling data of
FIG. 3 can be used as a signalling channel for updating
the generic-chip-code signals and message-chip-code
signals. An updated or new generic-chip code signal
and message-chip-code signal for a new cell to which
the mobile station is in transition can be controlled by
control unit 130 and communicated from a base station
using the signalling channel to the mobile station. The
chip-codeword controller 340 is, therefore, updated
with a new generic-chip-code signal and a new mes-
sage-chip-code signal. The chip-codeword controller
340 can set the second matched filter 325 and fourth
matched filter 327 to have an impulse response matched
to the new generic-chip-code signal. The chip-
codeword controller 340 also can set the second mes-
sage-chip-code generator 405 to generate the new mes-
sage-chip code signal. As the mobile station 122 moves
into the new cell, and the voltage level of the second
detected signal increases to a level greater than the first
detected signal, the electronic switch 413 switches to
receiving the spread-spectrum processed signal to the
second message mixer 407. Thus, a smooth transition
can be made when handing-off from the first base sta-
tion to the second base station.

The first message-chip-code signal is synchronized to
the first generic-chip-code signal, and the second mes-
sage-chip-code is synchronized to the second generic-
chip-code signal. The bit synchronizer 423 typically
receives bit synchronization timing from the first gener-
ic-chip-code signal or the second generic-chip-code
signal, from chip-codeword controller 340, These con-
cepts are taught in U.S. patent application Ser. No.
07/626,109, having a filing date of Dec. 14, 1990, enti-
tled, SYNCHRONOUS SPREAD-SPECTRUM
COMMUNICATIONS SYSTEM AND METHOD
by Donald L. Schilling, which is incorporated herein by
reference.

The transmitter in mobile station 122 may operate in
a similar manner, as the base stations by having two
spread-spectrum channels for communicating with the
first base station and the second base station. The partic-
ular message-chip-code signals used for the transmitter
of the mobile station 122 can be sent through the signal-
ling channel, and controlled by chip-codeword control-
ler 340.

The method may further include the steps of count-
ing a number of radio devices within the first cell as a
count; and preventing, responsive to the count crossing
a load threshold, a hand-off to a radio device outside a
range threshold. The method may also include chang-
ing the load threshold. In addition, the method may
include changing the range threshold.

To perform “shedding” of the load in a current cell,
the method also includes the steps of generating, in
response to the count crossing a load threshold, a trans-
fer signal; instructing each radio device outside the
range threshold, using the transfer signal, to initiate a
respective hand-off to the second base station; and initi-
ating, at each radio device outside the range threshold,
a respective hand-off to the second base station. There-
fore, if the cell is loading down, the first base station
may change the range threshold and instruct radio de-
vices outside the revised range threshold to hand-off to
a base station in another cell.

The present invention may also be used in conjunc-
tion with mobile stations including analog AMPS radio
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capabilities. If the area has only partial coverage by
CDMA cells, i.e. if cell 112 is analog but does not have
CDMA, while cell 114 has both analog and CDMA
coverage, the mobile stations preferably operate as
CDMA terminals when CDMA coverage is available.
For a mobile station in cell 112, the mobile station is
allowed to scan all pilot codes within a normal radius
down to a predetermined distance. The scanning of the
mobile station is similar to scanning a register in a
CDMA system while the mobile station is registered in
the analog system. The CDMA may further include
dual-mode analog mobile stations embodied as dual-
mode analog radio devices.

Once a CDMA pilot code is detected, the hand-off
procedures follow the same procedure as for CDMA
procedures, except that the first base station is not in-
cluded. The second base station in cell 114 communi-
cates with the mobile station to determine the prospect
of a hand-off to respective CDMA base station of the
mobile station. The range within a reliable coverage
range, or the range to the second base station may be
used for determining a hand-off. Once the second base
station determines adopting a dual-mode mobile station,
the second base station contacts the switch controller to
notify the switch to hand-off as well as to identify the
communication path currently in use by the dual-mode
analog mobile station, embodied as a dual-mode analog
radio device, including the assignment of a trunk to the
second base station, and the switch controller directs a
hand-off toward the analog side of the dual-mode ana-
log mobile station to direct user information to the
established CDMA links with the second base station.
The dual-mode mobile station also turns off the analog
radio device as the dual-mode mobile station completes
the directed hand-off, in order to prevent unnecessary
waiting until the analog signal deteriorates prior to
performing the hand-off.

The present invention may be part of a digital pro-
cessing chip, a combination of digital signal processing
chips and/or discrete components. The embodiments
shown in the figures and disclosed herein are illustra-
tive, with the invention encompassing the broader
means plus function and/or methods disclosed herein. It
will be apparent to those skilled in the art that various
modifications can be made to the spread-spectrum
hand-off apparatus and method of the instant invention
without departing from the scope or spirit of the inven-
tion, and it is intended that the present invention cover
modifications and variations of the spread-spectrum
hand-off apparatus and method provided they are
within the scope of the appended claims and their
equivalents.

We claim:

1. An apparatus for controlling hand-off of radio
devices moving from one cell toward an adjacent cell of
a spread-spectrum code-division-multiple-access com-
munications system (spread-spectrum-CDMA-com-
munications system), each adjacent cell having its own
generic-chip-code signal embedded in a spread-spec-
trum-communications signal, comprising:

a first base station for transmitting a first spread-spec-
trum-communications signal having a first generic-
chip-code signal and message data spread-spectrum
processed with a message-chip-code signal, embed-
ded therein;

a second base station for transmitting a second
spread-spectrum communications signal having a
second generic-chip-code signal embedded therein;
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a radio device including,

a cellular antenna;

a first matched filter coupled to said cellular an-
tenna and having a first impulse response
matched to the first generic-chip-code signal;

a first detector coupled to said first matched filter
for detecting the first generic-chip-code signal
embedded in the first spread-spectrum-com-
munications signal communicated from said first-
base station and outputting a first detected signal;

a second matched filter coupled to said cellular
antenna and having a second impulse response
matched to the second generic-chip-code signal;

a second detector coupled to said second matched
filter for detecting the second generic-chip-code
signal embedded in the second spread-spectrum-
communications signal communicated from said
second base-station and outputting a second de-
tected signal;

a comparator coupled to said first detector and to
said second detector for generating a relative
time comparison signal by comparing time of
detecting the second detected signal with time of
detecting the first detected signal;

a receiver-message-chip-code generator for gener-
ating a replica of the message-chip-code signal;

a message mixer coupled to said receiver-message-
chip-code generator and said cellular antenna,
responsive to the replica of the message-chip-
code signal, for despreading one of the first
spread-spectrum-communications signal and the
second spread-spectrum-communications signal
as a modulated-data signal;

a message-bandpass filter coupled to said message
mixer for filtering the modulated-data signal;

a message detector for demodulating the modulat-
ed-data signal as received data;

a synchronization circuit coupled to said compara-
tor and responsive to the relative time compari-
son signal being greater than a threshold, for
synchronizing said receiver-message-chip-code
generator to the first generic-chip-code signal
for receiving the first spread-spectrum-com-
munications signal from said first base station,
and responsive to the relative time comparison
signal being less than the threshold, for synchro-
nizing said receiver-message-chip-code genera-
tor to the second generic-chip-code signal for
receiving the second spread-spectrum-communi-
cations signal from said second base station; and

a control unit coupled to said first base station and

said second base station and to a plurality of other
base stations for switching the message data
spread-spectrum processed with the message-chip-
code signal, embedded in the first spread-spectrum-
communications signal transmitted from said first-
base station, to the second spread-spectrum-com-
munications signal transmitted from said second
base station.

2. An apparatus for controlling hand-off of radio
devices moving from one cell toward an adjacent cell of
a spread-spectrum-CDMA-communications system,
each adjacent cell having its own generic-chip-code
signal embedded in a spread-spectrum-communications
signal, comprising:

a first base station for transmitting a first spread-spec-

trum-communications signal having a first generic-

chip-code signal embedded therein;
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a second base station for transmitting a second
spread-spectrum-communications signal having a
second generic-chip-code signal embedded therein;

a radio device including,

a cellular antenna;

first generic-detection means coupled to said cellu-
lar antenna and including first generic-spread-
spectrum-processing means, for detecting the
first generic-chip-code signal embedded in the
first spread-spectrum-communications signal
communicated from said first-base station and
outputting a first detected signal;

second generic-detection means coupled to said
cellular antenna and including second generic-
spread-spectrum-processing means, for detecting
the second generic-chip-code signal embedded
in the second spread-spectrum-communications
signal communicated from said second-base sta-
tion and outputting a second detected signal;

comparator means for generating a comparison
signal by comparing time of arrival of the second
detected signal with time of arrival of the first
detected signal;

message-spread-spectrum-processing means cou-
pled to said cellular antenna for despreading one
of the first spread-spectrum-communications
signal and the second spread-spread-communica-
tions signal as a modulated-data signal;

message-detection means for demodulating the
modulated-data signal as received data;

synchronizing means responsive to the comparison
signal being greater than a threshold, for syn-
chronizing said message-spread-spectrum-proc-
essing means and said message detection means
to the first generic-chip-code signal for receiving
the first spread-spectrum-communications signal
transmitted from said first base station, and re-
sponsive to the comparison signal being less than
the threshold, for synchronizing said message-
spread-spectrum-processing means and said mes-
sage-detection means to the second generic-chip-
code signal for receiving the second spread-spec-
trum-communications signal transmitted from
said second base station; and

control means for switching message data spread-

spectrum processed with a message-chip-code sig-
nal embedded in the first spread-spectrum-com-
munications signal transmitted from said first base
station, to the second spread-spectrum-communi-
cations signal transmitted from said second base
station.

3. The apparatus as set forth in claim 2 further includ-
ing:

chip-code means for controlling impulse responses of

said first generic-detection means and said second
generic-detection means.
4. The apparatus as set forth in claim 3 wherein said
chip-code means controls an impulse response of said
message-spread-spectrum-processing means.
S. The apparatus as set forth in claim 2 wherein:
said first genmeric-detection means includes a first
matched filter having a first impulse response
matched to the first generic-chip-code signal; and

said second generic-detection means includes a sec-
ond matched filter having a second impulse re-
sponse matched to the second generic-chip-code
signal.

6. The apparatus as set forth in claim 2 wherein:
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said first generic-detection means includes a first cor-
relator for correlating a first received spread-spec-
trum-communications signal with the first generic-
chip-code signal; and

said second generic-detection means includes a sec-

ond correlator for correlating a second received
spread-spectrum-communications signal with the
second generic-chip-code signal.

7. The apparatus as set forth in claim 2 wherein said
message-spread-spectrum-processing means includes a
message-matched filter for despreading a received
spread-spectrum-communications signal as the modu-
lated-data signal.

8. The apparatus as set forth in claim 2 wherein said
message-spread-spectrum-processing means includes a
message-correlator for despreading one of the first
spread-spectrum-communications signal and the second
spread-spectrum-communications signal as the modu-
lated-data signal.

9. An apparatus for controlling hand-off in a spread-
spectrum-CDMA-communications system, having a
radio device moving from a first cell with a first base
station for transmitting a first spread-spectrum-com-
munications signal with a first generic-chip-code signal
embedded therein, toward a second cell having a sec-
ond base station for transmitting a second spread-spec-
trum-communications signal with a second generic-
chip-code signal embedded therein, said spread-spec-
trum-CDMA -communications system having a control
unit for switching message data spread-spectrum pro-
cessed with a message-chip-code signal embedded in the
first spread-spectrum-communications signal transmit-
ted from said first base station, to the second spread-
spectrum-communications signal transmitted from said
second base station, said apparatus comprising:

a cellular antenna;

first generic-detection means coupled to said cellular

antenna and including first generic-spread-spec-
trum-processing means, for detecting the first gen-
eric-chip-code signal embedded in the first spread-
spectrum-communications signal communicated
from said first-base station and outpuiting a first
detected signal;

second generic-detection means coupled to said cellu-

lar antenna and including second generic-spread-
spectrum-processing means, for detecting the sec-
ond generic-chip-code signal embedded in the sec-
ond spread-spectrum-communications signal com-
municated from said second-base station and out-
putting a second detected signal;

comparator means for generating a comparison signal

by comparing time of arrival of the second de-
tected signal with time of arrival of the first de-
tected signal;

message-spread-spectrum-processing means coupled

to said cellular antenna for despreading one of the
first spread-spectrum-communications signal and
the second spread-spectrum-communications sig-
nal as a modulated-data signal; and

synchronizing means responsive to the comparison

signal being greater than a threshold, for synchro-
nizing said message-spread-spectrum-processing
means to the first generic-chip-code signal for pro-
cessing the first spread-spectrum-communications
signal transmitted from said first base station, and
responsive to the comparison signal being less than
the threshold for synchronizing said message-
spread-spectrum-processing means to the second
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generic-chip-code signal for receiving the second
spread-spectrum-communications signal transmit-
ted from said second base station.

10. The apparatus as set forth in claim 9 further in-
cluding:

chip-code means for controlling impulse responses of

said first generic-detection means and said second
generic-detection means.
11. The apparatus as set forth in claim 10 wherein said
chip-code means controls an impulse response of said
message-spread-spectrum-processing means.
12. The apparatus as set forth in claim 9 wherein:
said first generic-detection means includes a first
matched filter having a first impulse response
matched to the first generic-chip-code signal; and

said second generic-detection means includes a sec-
ond matched filter having a second impulse re-
sponse matched to the second generic-chip-code
signal.

13. The apparatus as set forth in claim 9 wherein:

said first generic-detection means includes a first cor-

relator for correlating a first received spread-spec-
trum-communications signal with the first generic-
chip-code signal; and

said second generic-detection means includes a sec-

ond correlator for correlating a second received
spread-spectrum-communications signal with the
second generic-chip-code signal.

14. The apparatus as set forth in claim 9 wherein said
message-spread-spectrum-processing means includes a
message-matched filter for despreading a received
spread-spectrum-communications signal as the modu-
lated-data signal.

15. The apparatus as set forth in claim 9 wherein said
message-spread-spectrum-processing means includes a
message-correlator for despreading one of the first
spread-spectrum-communications signal as the modu-
lated-data signal and the second spread-spectrum-com-
munications signal.

16. A method for controlling hand-off in a spread-
spectrum CDMA-communications system, of radio
devices moving from a first cell having a first base sta-
tion for transmitting a first spread spectrum-communi-
cations signal with a first generic-chip-code signal em-
bedded therein, toward a second cell having a second
base station for transmitting a second spread-spectrum-
communications signal with a second generic-chip-code
signal embedded therein, said spread-spectrum-CDMA -
communications system having a control unit for
switching message data processed with a message-chip-
code signal embedded in the first spread-spectrum-com-
munications signal transmitted from said first base sta-
tion, to the second spread-spectrum-communications
signal transmitted from said second base station, said
method comprising the steps of:

detecting the first generic-chip-code signal embedded

in the first spread-spectrum-communications signal
communicated from said first-base station and out-
putting a first detected signal;
detecting the second generic-chip-code signal embed-
ded in the second spread-spectrum-communica-
tions signal communicated from said second-base
station and outputting a second detected signal;

generating a comparison signal by comparing time of
arrival of the second detected signal with time of
arrival of the first detected signal;

despreading, using message-spread-spectrum-proc-

essing means, one of the first spread-spectrum-
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communications signal and the second spread-spec-
trum-communications signal as a modulated-data
signal;

synchronizing, in response to the comparison signal

being greater than a threshold, said message-
spread-spectrum-processing means to the first gen-
eric-chip-code signal for processing the first
spread-spectrum-communications signal transmit-
ted from said first base station; and

synchronizing, in response to the comparison signal

being less than the threshold, said message-spread-
spectrum-processing means to the second generic-
chip-code signal for receiving the second spread-
spectrum-communications signal transmitted from
said second base station.

17. A method for controlling hand-off in a spread-
spectrum CDMA -communications system, of a radio
device moving from a first cell having a first base sta-
tion, toward a second cell having a second base station,
said method comprising the steps of:

transmitting, from said first base station, a first

spread-spectrum-communications signal having a
first chip-codeword sequence;
transmitting, from said second base station, a second
spread-spectrum-communications signal having a
second chip-codeword sequence, with the second
chip-codeword sequence of the second spread-
spectrum-communications signal different from,
and time synchromized with, the first chip-
codeword sequence of the first spread-spectrum-
communications signal;
receiving, at said radio device, the first spread-spec-
trum-communications signal and the second
spread-spectrum-communications signal;

determining a relative time between receiving the
second spread-spectrum-communications signal
and the first spread-spectrum communications sig-
nal; and

initiating, in response to the relative time, a handoff

for communicating between said radio device and
said first base station to communicate between said
radio device and said second base station.

18. The method as set forth in claim 17 wherein the
step of initiating the hand-off includes the steps of:

comparing the relative time to a threshold; and

initiating the hand-off in response to the relative time
crossing the threshold.

19. The method as set forth in claim 17 further includ-
ing the steps of:

transmitting, from said radio device, a third spread-

spectrum-communications signal having a third
chip-codeword sequence;

determining, using ranging techniques with the first

spread-spectrum-communications signal and the
third spread-spectrum-communications signal, a
relative range between said first base station and
said radio device; and

wherein the step of initiating the hand-off includes

the step of initiating the hand-off in response to the
relative time crossing a time threshold and the
relative range crossing a range threshold.

20. The method as set forth in claim 17 further includ-
ing the step of:

requesting, from said radio device, a spread-spectrum

channel for communicating with said second base
station.

21. A method for controlling hand-off in a spread-
spectrum-CDMA -communications system, of a radio
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device moving between a first cell having a first base

station and a plurality of cells, with each cell of the

plurality of cells having a base station, and adjacent to

the first cell, comprising the steps of:

transmitting, from said first base station, a first 5
spread-spectrum-communications signal having a
first chip-codeword sequence;

transmitting in time synchronization from a plurality
of base stations a plurality of spread-spectrum-com-
munications signals with each of the plurality of 10
spread-spectrum-communications signals having a
chip-codeword sequence different from the first
chip-codeword sequence of a plurality of chip-
codeword sequences;

scanning, at said radio device, the plurality of spread-
spectrum-communications signals from the plural-
ity of cells adjacent to said first cell;

determining a relative time between receiving the
first spread-spectrum-communications signal and a
second spread-spectrum-communications signal
from the plurality of spread-spectrum-communica-
tions signals; and

initiating, in response to the relative time being com-
pared to a time threshold, a hand-off for communi-
cating between said radio device and said first base
station to communicating between said radio de-
vice and a second base station transmitting the
second spread-spectrum-communications signal.

22. The method as set forth in claim 21 wherein the

step of initiating the hand-off includes the steps of:

comparing the relative time to the time threshold; and

initiating the hand-off in response to the relative time
crossing the time threshold.

23. The method as set forth in claim 21 further includ-

ing the steps of:

transmitting, from said radio device, a third spread-
spectrum-communications signal having a third
chip-codeword sequence;

determining, using ranging techniques with the first
spread-spectrum-communications signal and the
third spread-spectrum-communications signal, a
relative range between said first base station and
said radio device; and

wherein the step of initiating the hand-off includes
the step of initiating the hand-off in response to the
relative time crossing a time threshold and the
relative range crossing a range threshold.

24. The method as set forth in claim 21 further includ-~

ing the step of:

requesting, from said radio device, a spread-spectrum
channel for communicating with said second base
station.

25. A system for controlling hand-off in a spread-

spectrum-CDMA -communications system, of a radio

device moving from a first cell having a first base sta-

tion, toward a second cell having a second base station,

said system comprising:

means for transmitting, from said first base station, a
first spread-spectrum-communications signal hav-
ing a first chip-codeword sequence;

means for transmitting, from said second base station,
a second spread-spectrum-communications signal
having a second chip-codeword sequence, with the
second chip-codeword sequence of the second
spread-spectrum-communications signal different
from, and time synchronized with, the first chip-
codeword sequence of the first spread-spectrum-
communications signal; '
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means for receiving, at said radio device, the first
spread-spectrum-communications signal and the
second spread-spectrum-communications signal;

means for determining a relative time between receiv-
ing the second spread-spectrum-communications
signal and the first spread-spectrum communica-
tions signal; and

means, responsive to the relative time, for initiating a

hand-off for communicating between said radio
device and said first base station, to communicate
between said radio device and said second base
station.

26. The system as set forth in claim 25 wherein said
means for initiating the hand-off includes:

means for comparing the relative time to a time

threshold;

means for initiating the hand-off in response to the

relative time crossing the threshold; and

means for detecting codes from base stations within a

shorter distance than a range distance to the first
base station.

27. The system as set forth in claim 25 further includ-
ing:

means for transmitting, from said radio device, a third

spread-spectrum-communications signal having a
third chip-codeword sequence;

means for determining, using ranging techniques with

the first spread-spectrum-communications signal
and the third spread-spectrum-communications
signal, a relative range between said first base sta-
tion and said radio device; and

wherein said means for initiating the hand-off in-

cludes the step of initiating the hand-off in response
to the relative time crossing a time threshold and
the relative range crossing a range threshold.

28. The system as set forth in claim 25 further includ-
ing:

means for requesting, from said radio device, a

spread-spectrum channel for communicating with
said second base station.

29. A system for controlling hand-off in a spread-
spectrum-CDMA-communications system, of a radio
device moving between a first cell having a first base
station and a plurality of cells, with each cell of the
plurality of cells having a base station, and adjacent to
the first cell, comprising:

means for transmitting, from said first base station, a

first spread-spectrum-communications signal hav-
ing a first chip-codeword sequence;
means for transmitting in time synchronization from a
plurality of base stations a plurality of spread-spec-
trum-communications signals with each of the plu-
rality of spread-spectrum-communications signals
having a chip-codeword sequence different from
the first chip-codeword sequence of a plurality of
chip-codeword sequences;
means for scanning, at said radio device, the plurality
of spread-spectrum-communications signals from
the plurality of cells adjacent to said first cell;

means for determining a relative time between receiv-
ing the first spread-spectrum-communications sig-
nal and a second spread-spectrum-communications
signal from the plurality of spread-spectrum-com-
munications signals; and

means, responsive to the relative time being com-

pared to a time threshold, for initiating a hand-off
for communicating between said radio device and
said first base station to communicating between
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said radio device and a second base station trans-
mitting the second spread-spectrum-communica-
tions signal.

30. The system as set forth in claim 29 wherein said
means for initiating the hand-off includes:

means for comparing the relative time to the time
threshold; and

means for initiating the hand-off in response to the
relative time crossing the time threshold.

31. The system as set forth in claim 29 further includ-

ing:

means for transmitting, from said radio device, a third
spread-spectrum-communications signal having a
third chip-codeword sequence;

means for determining, using ranging techniques with
the first spread-spectrum-communications signal
and the third spread-spectrum-communications
signal, a relative range between said first base sta-
tion and said radio device; and

wherein said means for initiating the hand-off in-
cludes means for initiating the hand-off in response
to the relative time crossing the time threshold and
the relative range crossing a range threshold.

32. The system as set forth in claim 29 further includ-

ing the step of:

means for requesting, from said radio device, a
spread-spectrum channel for communicating with
said second base station.

33. A system for controlling hand-off in a spread-
spectrum-CDMA-communications system, of a radio
device moving from a first cell having a first base sta-
tion, toward a second cell having a second base station,
said system comprising:

a first transmitter, located at said first base station, for
transmitting a first spread-spectrum-communica-
tions signal having a first chip-codeword sequence;

a second transmitter, located at said second base sta-
tion, for transmitting a second spread-spectrum-
communications signal having a second chip-
codeword sequence, with the second chip-
codeword sequence of the second spread-spec-
trum-communications signal different from, and
time synchronized with, the first chip-codeword
sequence of the first spread-spectrum-communica-
tions signal;

a receiver located at said radio device, for receiving
the first spread-spectrum-communications signal
and the second spread-spectrum-communications
signal;

a timing circuit for determining a relative time be-
tween receiving the second spread-spectrum-com-
munications signal and the first spread-spectrum
communications signal; and

a hand-off circuit, responsive to the relative time, for
initiating a hand-off for communicating between
said radio device and said first base station to com-
municate between said radio device and said sec-
ond base station.

34. The system as set forth in claim 33 wherein said

hand-off circuit includes:

a comparator for comparing the relative time to a
time threshold; and

means for initiating the hand-off in response to the
relative time crossing the time threshold.

35. The system as set forth in claim 33 further includ-

ing:

a mobile transmitter, located at said radio device, for
transmitting a third spread-spectrum-communica-
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tions signal having a third chip-codeword se-
quence;

a ranging circuit, using ranging techniques with the
first spread-spectrum-communications signal and
the third spread-spectrum-communications signal,
for determining a relative range between said first
base station and said radio device; and

wherein said hand-off circuit includes means for initi-
ating the hand-off in response to the relative time
crossing a time threshold and the relative range
crossing a range threshold.

36. The system as set forth in claim 33 further includ-

ing:

means, located at said radio device, for requesting a
spread-spectrum channel for communicating with
said second base station.

37. A system for controlling hand-off in a spread-
spectrum-CDMA-communications system, of a radio
device moving between a first cell having a first base
station and a plurality of cells, with each cell of the
plurality of cells having a base station, and adjacent to
the first cell, said system comprising:

a first transmitter, located at said first base station, for
transmitting a first spread-spectrum-communica-
tions signal having a first chip-codeword sequence;

a plurality of transmitters located at a plurality of
base stations, respectively, for transmitting in time
synchronization a plurality of spread-spectrum-
communications signals with each of the plurality
of spread-spectrum-communications signals having
a chip-codeword sequence different from the first
chip-codeword sequence of a plurality of chip-
codeword sequences;

a scamming circuit, located at said radio device, for
scanning the plurality of spread-spectrum-com-
munications signals from the plurality of cells adja-
cent to said first cell;

a timing circuit for determining a relative time be-
tween receiving the first spread-spectrum-com-
munications signal and a second spread-spectrum-
communications signal from the plurality of
spread-spectrum-communications signals; and

a hand-off circuit, responsive to the relative time
being compared to a time threshold, for initiating a
hand-off for communicating between said radio
device and said first base station to communicate
between said radio device and a second base station
transmitting the second spread-spectrum-com-
munications signal. :

38. The system as set forth in claim 37 wherein said

handoff circuit includes:

a comparator for comparing the relative time to the
time threshold; and ]

means for initiating the hand-off in response to the
relative time crossing the time threshold.

39. The system as set forth in claim 37 further includ-

ing:

a transmitter located at said radio device, for trans-
mitting a third spread-spectrum-communications
signal having a third chip-codeword sequence;

a ranging circuit, using ranging techniques with the
first spread-spectrum-communications signal and
the third spread spectrum-communications signal,
for determining a relative range between said first
base station and said radio device; and

wherein said hand-off circuit includes means for initi-
ating the hand-off in response to the relative time
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crossing a time threshold and the relative range
crossing a range threshold.

40. The system as set forth in claim 37 further includ-
ing:

means located at said radio device, for requesting a

spread-spectrum channel for communicating with
said second base station.

41. The system as set forth in claim 31 wherein said
first base station further includes:

means for counting a plurality of radio devices within

the first cell as a count; and

means, responsive to the count crossing a load thresh-

old, for preventing a load threshold hand-off to a
selected number of the plurality of radio devices
outside the range threshold.

42. The system as set forth in claim 41 wherein said
first base station further includes means for changing
the load threshold.

43. The system as set forth in claim 41 wherein said
first base station further includes means for changing
the range threshold.

44. The system as set forth in claim 43 wherein said
first base station further includes means, responsive to
the count crossing the load threshold, for generating a
transfer signal for instructing each of the selected num-
ber of the plurality of radio devices outside the range
threshold to initiate the load-threshold hand-off to the
second base station; and

wherein each radio device, responsive to the transfer

signal, initiates the load-threshold hand-off to the
second base station.

45. The method as set forth in claim 21 further includ-
ing the steps of:

counting a plurality of radio devices within the first

cell as a count; and

preventing, responsive to the count crossing a load

threshold, a load-threshold hand-off to a selected
number of the plurality of radio devices outside a
range threshold.

46. The method as set forth in claim 45 further includ-
ing the step of changing the load threshold.

47. The method as set forth in claim 45 further includ-
ing the step of changing the range threshold.

48. The method as set forth in claim 45 further includ-
ing the steps of:

generating, responsive to the count crossing the load

threshold, a transfer signal;

instructing each of the selected number of the plural-

ity of radio devices outside the range threshold,
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using the transfer signal, to initiate a load-threshold
hand-off to the second base station; and

initiating, at each of the selected number of the plural-
ity of radio devices outside the range threshold, the
load-threshold hand-off to the second base station.

49. The system as set forth in claim 37, further com-
prising:

a plurality of dual-mode analog radio devices for
operating on an analog radio side and for operating
on a CDMA radio side;

a plurality of CDMA radio devices for operating on
the CDMA radio side;

a plurality of CDMA-base stations for operating on
the CDMA radio side; and

wherein said plurality of dual-mode analog radio
devices and said plurality of CDMA radio devices
allow a call from a dual-mode analog radio device
on the analog radio side and connected to said first
base station, to be handed-off to a CDMA-base
station using the CDMA radio side to access the
CDMA radio side of the dual-mode analog radio
device.

50. A system for controlling hand-off in a spread-
spectrum-CDMA -communications system, of a radio
device moving between a plurality cells, with each cell
having a base station, and adjacent to a first celi, said
system comprising:

a plurality of duval-mode analog radio devices for
operating on an analog radio side and for operating
on a CDMA radio side;

a plurality of CDMA radio devices for operating on
the CDMA radio side;

a plurality of CDMA-base stations for operating on
the CDMA radio side;

a plurality of transmitters located at a plurality of
base stations, respectively, for transmitting in time
synchronization a plurality of spread-spectrum-
communications signals;

a scanning circuit, located at said radio device, for
scanning the plurality of spread-spectrum-com-
munications signals from the plurality of cells;

a timing circuit for determining a relative time be-
tween receiving a first spread-spectrum-communi-
cations signal and a second spread-spectrum-com-
munications signal from the plurality of spread-
spectrum-communications signals; and

a hand-off circuit, responsive to the relative time
being compared to a time threshold, for initiating a
hand-off for communicating between said radio

device and said plurality of base stations.
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