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An improvement to a code-division-multiple-access
(CDMA) system employing spread-spectrum modulation,
with the CDMA system having a base station (BS) and a
plurality of remote stations. The base station has a BS-
spread-spectrum transmitter and a BS-spread-spectrum
receiver. A remote station has an RS-spread-spectrum trans-
mitter and an RS-spread-spectrum receiver. The BS trans-
mitter transmits a broadcast common-synchronization chan-
nel, which includes a frame-timing signal. The broadcast
common-synchronization channel has a common chip-se-
quence signal, which is common to the plurality of remote
stations. In response to the RS-spread-spectrum receiver
receiving the broadcast common-synchronization channel,
and determining frame timing from the frame-timing signal,
an RS-spread-spectrum transmitter transmits an access-burst
signal. The BS-spread-spectrum transmitter, responsive to
the BS-spread-spectrum receiver receiving the access-burst
signal, transmits an acknowledgment signal. In response to
the first RS-spread-spectrum receiver receiving the
acknowledgment signal, the first RS-spread-spectrum trans-
mitter transmits a spread-spectrum signal having data.
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1
COMMON PACKET CHANNEL

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a Continuation of application Ser. No.
09/941,756 filed Aug. 30, 2001, now U.S. Pat. No. 6,717,
975, which is a Continuation of application Ser. No. 09/679,
367 filed Oct. 5, 2000, now U.S. Pat. No. 6,301,286, which
is a Continuation of application Ser. No. 09/273,508 filed
Mar. 22, 1999, now U.S. Pat. No. 6,169,759.

BACKGROUND OF THE INVENTION

This invention relates to spread-spectrum communica-
tions, and more particularly to code-division-multiple-ac-
cess (CDMA) cellular, packet-switched systems.

DESCRIPTION OF THE RELEVANT ART

Presently proposed for a standard is a random-access
burst structure which has a preamble followed by a data
portion. The preamble has 16 symbols, the preamble
sequence, spread by an orthogonal Gold code. A mobile
station acquires chip and frame synchronization.

SUMMARY OF THE INVENTION

A general object of the invention is an efficient method for
packet data transfer on CDMA systems.

Another object of the invention is high data throughput
and low delay.

According to the present invention, as embodied and
broadly described herein, an improvement to a code-divi-
sion-multiple-access (CDMA) system employing spread-
spectrum modulation, is provided. The CDMA system has a
base station (BS) and a plurality of remote stations. The base
station has BS-spread-spectrum transmitter and a
BS-spread-spectrum receiver. Each of the plurality of
remote stations has an RS-spread-spectrum transmitter and
an RS-spread-spectrum receiver. The method comprises the
steps of transmitting from BS-spread-spectrum transmitter, a
broadcast common-synchronization channel. The broadcast
common-synchronization channel has a common chip-se-
quence signal common to the plurality of remote stations.
Further, the broadcast common-synchronization channel has
a frame-timing signal.

A first RS-spread-spectrum receiver, located at a first
remote station, the method includes the step of receiving the
broadcast common-synchronization channel. From the
received broadcast common-synchronization channel, the
steps include determining frame timing at the first RS-
spread-spectrum receiver from the frame-timing signal.

At a first RS-spread-spectrum transmitter, located at the
first remote station, the steps include transmitting an access-
burst signal. The access-burst signal has a plurality of
segments. A segment is an interval in time of the access-
burst signal. Each segment has a preamble followed by a
pilot signal. The plurality of segments preferably also has a
plurality of power levels, respectively. Preferably, the plu-
rality of power levels increase sequentially, with each seg-
ment.

At the BS spread-spectrum receiver the steps include
receiving the access-burst signal at a detected-power level.
In response to receiving the access-burst signal, from the
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2

BS-spread-spectrum transmitter, the steps include transmit-
ting to the first RS-spread-spectrum receiver an acknowl-
edgment signal.

At the first RS-spread-spectrum receiver the steps include
receiving the acknowledgment signal. In response to receiv-
ing the acknowledgment signal, the steps include transmit-
ting from the first RS-spread-spectrum transmitter, to said
BS-spread-spectrum receiver, a spread-spectrum signal hav-
ing data.

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 common packet channel system block diagram
with a common control downlink channel;

FIG. 2 is common packet channel system block diagram
with a dedicated downlink channel;

FIG. 3 is a block diagram of a base station receiver and
transmitter for common packet channel;

FIG. 4 is a block diagram of a remote station receiver and
transmitter for common packet channel;

FIG. § is a timing diagram for access burst transmission;

FIG. 6 illustrates common packet channel access burst of
FIG. 5 using a common control downlink channel;

FIG. 7 illustrates common packet channel access of FIG.
5 using a dedicated downlink channel;

FIG. 8 shows the structure of the preamble;

FIG. 9 illustrates preamble and pilot formats;

FIG. 10 is a common packet channel timing diagram and
frame format of the down link common control link; and

FIG. 11 illustrates frame format of common packet chan-
nel, packet data.

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 common-packet channel is a new and novel uplink
transport channel for transmitting variable size packets from
a mobile station to a base station within listening range,
without the need to obtain a two way link with any one or
set of base stations. The channel resource allocation is
contention based; that is, a number of mobile stations could
at any time contend for the same resources, as found in an
ALOHA system.

In the exemplary arrangement shown in FIG. 1, common-
packet channel provides an improvement to a code-division-
multiple-access (CDMA) system employing spread-spec-
trum modulation. The CDMA system has a plurality of base
stations (BS) 31, 32, 33 and a plurality of remote stations
(RS). Each remote station 35 has an RS-spread-spectrum
transmitter and an RS-spread-spectrum receiver. An uplink
is from the remote station 35 to a base station 31. The uplink
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has the common-packet channel (CPCH). A downlink is
from a base station 31 to the remote station 35, and is
denoted a common-control channel (CCCH). The common-
control channel has common signaling used by the plurality
of remote stations.

An alternative to the common-control channel, but still
using the common-packet channel, is the downlink dedi-
cated physical channel (DPCH), shown in FIG. 2. The
dedicated downlink channel, has signaling that is used for
controlling a single remote station.

As illustratively shown in FIG. 3, a BS spread-spectrum
transmitter and a BS spread-spectrum receiver is shown. The
BS spread-spectrum transmitter and the BS spread-spectrum
receiver are located at the base station 31. The BS spread-
spectrum receiver includes an antenna 309 coupled to a
circulator 310, a receiver radio frequency (RF) section 311,
a local oscillator 313, a quadrature demodulator 312, and an
analog-to-digital converter 314. The receiver RF section 311
is coupled between the circulator 310 and the quadrature
demodulator 312. The quadrature demodulator is coupled to
the local oscillator 313 and to the analog to digital converter
314. The output of the analog-to-digital converter 315 is
coupled to a programmable-matched filter 315.

A preamble processor 316, pilot processor 317 and data-
and-control processor 318 are coupled to the programmable-
matched filter 315. A controller 319 is coupled to the
preamble processor 316, pilot processor 317 and data-and-
control processor 318. A de-interleaver 320 is coupled
between the controller 319 and a forward-error-correction
(FEC) decoder 321.

The BS spread-spectrum transmitter includes a forward-
error-correction (FEC) encoder 322 coupled to an inter-
leaver 323. A packet formatter 324 is coupled to the inter-
leaver 323 and to the controller 319. A variable gain device
325 is coupled between the packet formatter 324 and a
product device 326. A spreading-sequence generator 327 is
coupled to the product device 326. A digital-to-analog
converter 328 is coupled between the product device 328
and quadrature modulator 329. The quadrature modulator
329 is coupled to the local oscillator 313 and a transmitter
RF section 330. The transmitter RF section 330 is coupled
to the circulator 310.

The controller 319 has control links coupled to the
analog-to-digital converter 314, programmable-matched fil-
ter 315, preamble processor 316, the digital-to-analog con-
verter 328, the spreading sequence generator 327, the vari-
able gain device 325, the packet formatter 324, the
de-interleaver 320, the FEC decoder 321, the interleaver 323
and the FEC encoder 322.

A received spread-spectrum signal from antenna 309
passes through circulator 310 and is amplified and filtered by
receiver RF section 311. The local oscillator 313 generates
a local signal which quadrature demodulator 312 uses to
demodulator in-phase and quadrature phase components of
the received spread-spectrum signal. The analog-to-digital
converter 314 converts the in-phase component and the
quadrature-phase component to a digital signal. These func-
tions are well known in the art, and variations to this block
diagram can accomplish the same function.

The programmable-matched filter 315 despreads the
received spread-spectrum signal. A correlator, as an alter-
native, may be used as an equivalent means for despreading
the received spread-spectrum signal.

The preamble processor 316 detects the preamble portion
of the received spread-spectrum signal. The pilot processor
detects and synchronizes to the pilot portion of the received
spread-spectrum signal. The data and control processor
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4

detects and processes the data portion of the received
spread-spectrum signal. Detected data passes through the
controller 319 to the de-interleaver 320 and FEC decoder
321. Data and signaling are outputted from the FEC decoder
321.

In the BS transmitter, data are FEC encoded by FEC
encoder 322, and interleaved by interleaver 323. The packet
formatter formats data, signaling, acknowledgment signal,
collision detection signal, pilot signal and transmitting
power control (TPC) signal into a packet. The packet is
outputted from packet formatter, and the packet level is
amplified or attenuated by variable gain device 325. The
packet is spread-spectrum processed by product device 326,
with a spreading chip-sequence from spreading-sequence
generator 327. The packet is converted to an analog signal
by digital-to-analog converter 328, and in-phase and quadra-
ture-phase components are generated by quadrature modu-
lator 329 using a signal from local oscillator 313. The packet
is translated to a carrier frequency, filtered and amplified by
transmitter RF section 330, and then passes through circu-
lator 310 and is radiated by antenna 309.

In the illustrative embodiment shown in FIG. 4, a RS
spread-spectrum transmitter and a RS spread-spectrum
receiver are shown. The RS spread-spectrum transmitter and
the MSRS spread-spectrum receiver are located at the
remote station 35, shown in FIG. 1. The RS spread-spectrum
receiver includes an antenna 409 coupled to a circulator 410,
a receiver radio frequency (RF) section 411, a local oscil-
lator 413, a quadrature demodulator 412, and an analog-to-
digital converter 414. The receiver RF section 411 is coupled
between the circulator 410 and the quadrature demodulator
412. The quadrature demodulator is coupled to the local
oscillator 413 and to the analog to digital converter 414. The
output of the analog-to-digital converter 415 is coupled to a
programmable-matched filter 4185.

An acknowledgment detector 416, pilot processor 417
and data-and-control processor 418 are coupled to the pro-
grammable-matched filter 415. A controller 419 is coupled
to the acknowledgment detector 416, pilot processor 417
and data-and-control processor 418. A de-interleaver 420 is
coupled between the controller 419 and a forward-error-
correction (FEC) decoder 421.

The RS spread-spectrum transmitter includes a forward-
error-correction (FEC) encoder 422 coupled to an inter-
leaver 423. A packet formatter 424 is coupled through a
multiplexer 451 to the interleaver 423 and to the controller
419. A preamble generator 452 and a pilot generator 453 for
the preamble are coupled to the multiplexer 451. A variable
gain device 425 is coupled between the packet formatter 424
and a product device 426. A spreading-sequence generator
427 is coupled to the product device 426. A digital-to-analog
converter 428 is coupled between the product device 428
and quadrature modulator 429. The quadrature modulator
429 is coupled to the local oscillator 413 and a transmitter
RF section 430. The transmitter RF section 430 is coupled
to the circulator 410.

The controller 419 has control links coupled to the
analog-to-digital converter 414, programmable-matched fil-
ter 415, acknowledgment detector 416, the digital-to-analog
converter 428, the spreading sequence generator 427, the
variable gain device 425, the packet formatter 424, the
de-interleaver 420, the FEC decoder 421, the interleaver
423, the FEC encoder 422, the preamble generator 452 and
the pilot generator 453.

A received spread-spectrum signal from antenna 409
passes through circulator 410 and is amplified and filtered by
receiver RF section 411. The local oscillator 413 generates


















