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FIG. 5
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FIG 6
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HANDOFF WITH CLOSED-LOOP POWER
CONTROL

RELATED PATENTS

This patent stems from a continuation-in-part patent
application of U.S. patent application Ser. No. 09/181,724,
filed Nov. 29, 1998 entitled MATCHED-FILTER BASED
HANDOFF METHOD AND APPARATUS, now U.S. Pat.
No. 6,215,811, which is a continuation application of U.S.
patent application Ser. No. 08/638,394, filed Apr. 29, 1996,
entitled MATCHED FILTER-BASED HANDOFF
METHOD AND APPARATUS, now U.S. Pat. No. 5,864,
578. The benefit of the earlier filing dates of the parent patent
applications are claimed for common subject matter pursu-
ant to 35 US.C. § 120.

BACKGROUND OF THE INVENTION

This invention relates to spread-spectrum
communications, and more particularly to a method and
apparatus for handing-off a remote station between two base
stations.

DESCRIPTION OF THE RELEVANT ART

A spread-spectrum communications system uses message
data. Message data requires transmission without error.
When a mobile station moves from a source-base station to
a target-base station, the chip sequence used for the channel
containing the digital data has to be handed-off so as to not
interrupt communications so as to produce errors.

Multiple coverage areas are employed by mobile com-
munications systems to accommodate communications over
a wide geographic region. Each geographic area has several
base stations to provide radiotelephones within the base site
coverage area with a number of radiotelephone communi-
cation channels. Simulcast communication systems and cel-
lular communication systems provide hand-offs between
coverage areas. Simulcast communication systems involve
linking together the respective coverage areas of several
communication sites to form a large geographic area cov-
erage. As a mobile radio moves between coverage areas, a
conversation on the mobile radio is maintained through
simultaneous reception and broadcasting of the conversation
between several sites on the same channel.

In a FDMA cellular communications system, base site
equipment periodically measures the signal strength of the
radiotelephone during the conversation and, once the signal
strength reaches a relatively low threshold, the same base
site equipment sends a message to the adjacent base sites to
determine which base site’s area the radiotelephone is
entering. The radiotelephone is then instructed by the base
site equipment associated with the coverage area into which
the radiotelephone is moving to communicate on a selected
channel.

SUMMARY OF THE INVENTION

A general object of the invention is a method and appa-
ratus for handing off a remote station between two base
stations without interrupting communications between the
remote station and the base stations.

The present invention, as embodied and broadly described
herein, provides a method and apparatus for handing off a
remote station between two base stations in a spread-
spectrum-communications system. The spread-spectrum-
communications system has a plurality of base stations and
a plurality of remote stations within a geographical area. A
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particular remote station communicates with a source-base
station using spread-spectrum modulation. The remote sta-
tion has a matched filter or correlator for despreading a first
received-spread-spectrum signal transmitted from the
source-base station. The remote station transmits data to the
source-base station at a first data rate and a first power level.

The method comprises the steps of monitoring at the
output of the matched filter or correlator of the remote
station, a first signal quality of the first received-spread-
spectrum signal transmitted from the source-base station.
The first signal quality may be probability of error, power
level, signal-to-noise ratio, or other signal quality as is well
known in the art. The method includes scanning a plurality
of received-spread-spectrum signals radiated from the plu-
rality of base stations. A plurality of signal qualities for the
plurality of received-spread-spectrum signals, respectively,
are stored, and according to the method of the present
invention, the remote station selects from the plurality of
received-spread-spectrum signals, using the plurality of sig-
nal qualities from the received plurality of received-spread-
spectrum signals, a second received-spread-spectrum signal.
The second received-spread-spectrum signal has a second
signal quality. Typically the second received-spread-
spectrum signal is chosen from the plurality of received-
spread-spectrum signals because it has a signal quality
which is better than the remaining plurality of signal quali-
ties.

The method includes the step of determining when the
first signal quality falls below a predetermined threshold
and/or below the second signal quality. By falling below the
second signal quality is meant, for example, that the second
signal quality might have a probability of error which is less
than the probability of error of the first signal quality. Upon
the occurrence of this event, the remote station determines
it is time to handoff and sends a request to a central control
unit for handoff to the target-base station.

Upon requesting handoff to the target-base station, the
remote station stores data that would normally be transmit-
ted during the period of time during which the handoff
occurs. Thus, during the period of time over which handoff
occurs, data need not be transmitted from the remote station
to the source-base station. Similarly, the source-base station
may store data during the period of time during which
handoff occurs, and thus data need not be transmitted from
the source-base station to the remote station.

The steps further include, from the remote station, initi-
ating handoff to the target-base station. The steps include
transmitting, from the remote station, an RS-access-burst
signal having a plurality of RS segments. Each RS segment
has a plurality of RS symbols carrying differentially encoded
BS power-control information. The plurality of RS segments
has a plurality of RS power levels, increasing in time,
respectively.

The steps further include queuing, upon requesting the
handoff process to the target-base station, RS data for
transmission from the remote station. At the target-base
station, the steps include receiving the RS-access-burst
signal at an RS detected-power level. From the target base
station the steps include transmitting a BS-access-burst
signal having a plurality of BS segments/Each BS segment
has a plurality of BS symbols carrying differentially encoded
RS power-control information. The plurality of BS segments
has a plurality of BS power levels, increasing in time,
respectively.

In response to the remote station detecting the BS-access-
burst signal, the steps include differentially encoding the
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plurality of RS symbols with BS-power control information
including power level for the target-base station. In response
to the target base station detecting the RS-access-burst
signal, the steps include differentially encoding the plurality
of BS symbols with RS-power control information including
power level for the remote station.

At the remote station, the steps include receiving the
BS-access-burst signal from the target-base station. At
target-base station, the steps include the RS-access-burst
signal the remote station.

The queued RS data are transmitted at a second RS data
rate from the remote station to the target-base station. The
second RS data rate is greater than the first RS data rate.
Thus, the queued RS data is to the target-base station.

Similarly, the queued BS data are transmitted at a second
BS data rate from the target-base station to the remote
station. The queued BS data are transferred at a second BS
data rate. The second BS data rate is greater than the first BS
data rate. The second BS data rate and second RS data rate
may be greater tan the first BS data rate and the first RS data
rate, respectively, due to sending packets at a higher data
rate, or due to using parallel spread-spectrum channels, to
effectively realize a faster data rate.

After the queued RS data are transferred, the method then
resumes at the first RS date rate, by transmitting, from the
remote station to the target-base station, in response to the
queued RS data being transferred to the target-base station,
at the first RS data rate. Similarly, in response to the queued
BS data being transferred to the remote station, the steps
include transmitting, from the target-base station to the
remote station, at the first BS data rate.

Upon handoff, the target base station is synchronized in
the remote station.

Similarly, data stored at the source-base station may be
transferred to the target-base station, and transmitted to the
remote station in a similar fashion, at a higher data rate and
a higher power level than is normally used for transmitting
to the remote station.

The method steps may be repeated for any number of
hand-offs, with the source-base station being that base
station communicating with the remote station at a given
time, and the target-base station being whatever base station
of the plurality of base stations is selected as having the best
signal quality.

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 instru-
mentalities and combinations particularly pointed out in the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate preferred
embodiments of the invention, and together with the
description serve to explain the principles of the invention.

FIG. 1 is a block diagram of a signal-time-sharing,
matched-filter-based demodulator;

FIG. 2 illustrates a matched filter using time sharing of
multiplier array and adder tree;

FIG. 3 is an example of an output signal from the
symbol-matched filter;

FIG. 4 is an example of an output signal from the
frame-matched filter;
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FIG. § illustrates an approach to finding a correct time
instant at which to measure an output of a simple-matched
filter;

FIG. 6 illustrates a matched filter having register and
adder;

FIG. 7 illustrates a frequency response curve demonstrat-
ing that sampling may not occur at a chip peak;

FIGS. 8 and 9 illustrate selection of the correct time to
yield the largest output;

FIG. 10 illustrates an example of packets for time division
duplex;
FIG. 11 illustrates switch time;

FIGS. 12-20 illustrate frequency division duplex
examples;

FIG. 21 illustrates adder gates;

FIG. 22 illustrates a remote station handing off between
two base stations;

FIG. 23 is a block diagram of a mobile station;

FIG. 24 is a block diagram of a receiver and transmitter
for handoff for a base station or a remote station;

FIG. 25 is a timing diagram for the handoff process using
code multiplexing; and

FIG. 26 is a timing diagram for the handoff process using
a higher symbol rate.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

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

The present invention provides a new and novel system
and method for handing off a remote station between two
base stations. The invention is taught, by way of example,
for handing off a remote station from a source-base station
transmitting a first received-spread-spectrum signal to the
remote station, to a target-base station transmitting a second
received-spread-spectrum signal to the remote station.

A received-spread-spectrum signal may include a plural-
ity of packets. Continuous, non-packeted spread-spectrum
signals also may be used with the handoff method and
apparatus. In a continuous spread-spectrum signal, a header
type of sequence would have to occur periodically in the
continuous spread-spectrum signal, from which timing may
be triggered. The latter embodiment might be referred to as
a data block with a header, and is equivalent to the packet
with header as discussed herein. Hereinafter, the discussion
refers to the packet and header, with the understanding that
other embodiments are equivalent.

Each packet has a header followed in time by data. The
header is generated from spread-spectrum processing, by
using techniques well known in the art, a header-symbol-
sequence signal with a chip-sequence signal. The header-
symbol-sequence signal is a predefined sequence of sym-
bols. The header-symbol-sequence signal may be a constant
value, i.e., just a series of 1-bits or symbols, or a series of
0-bits or symbols, or alternating 1-bits and 0-bits or alter-
nating symbols, a pseudo random symbol sequence, or other
predefined sequence as desired. The chip-sequence signal is
user defined and, in a usual practice, is used with a header-
symbol-sequence signal. The header indicates the start of
data, aids in acquisition and reacquisition, and helps provide
phase reference between multipaths for diversity combining







































