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[57] ABSTRACT

A communication system (10) implemented to be specifi-
cally matched to the time and spatially dependent statistics
of a transmission channel (36). The communication system
(10) is used for broadcasting over the channel (36) to users
in a coverage region (18). The communication system (10)
includes a transmitter (12) having an error correction
encoder (30) and a weighted interleaver (32). The error
correction encoder (30) includes a first input to receive data
bits and a first output. The error correction encoder (30)
expands each data bit received at said input by an encoder
rate. The weighted interleaver (32) includes a second input
to receive the expanded data bits and a second output. The
weighted interleaver (32) has a non-uniform delay distribu-
tion between a minimum delay and a maximum delay to
interleave the expanded data bits by the non-uniform delay
distribution. The communication system (10) also employs
a weighted link margin matched to the time and spatially
dependent statistics of the transmission channel.

27 Claims, 6 Drawing Sheets
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l

DETERMINE SYSTEM PERFORMANCE REQUIREMENTS IN
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Y% OF THE TIME ANYWHERE IN THE COVERAGE REGION®)

l

PERFORM EXPERIMENTS OR MODELING TO

MAP PERFORMANCE METRIC TO REQUIRED LINK | 154

MARGIN AS A FUNCTION OF POSITION IN
COVERAGE REGION.

'

CHOOSE SATELLITE AND MOBILE ANTENNA GAIN PATTERNS 156
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COMMUNICATION SYSTEM FOR
BROADCASTING TO MOBILE USERS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to a communication sys-
tem and, more particularly, to a communication system for
broadcasting to mobile users.

2. Discussion of the Related Art

For communication systems in which information is
broadcast to mobile users, a key challenge in such systems
is overcoming signal degradation effects associated with
mobile propagation. The mobile user is subject to a time-
varying environment that includes attenuation from physical
blockages (i.e., buildings, trees, terrain, etc.), as well as
multipath and interference effects. One way of overcoming
these effects is to increase the transmit power beyond what
is required for clear-line-of-sight (CLOS) operation in a
multipath-free and interference-free environment. However,
due to the large amount of additional transmit power often
required, this is not always feasible for practical communi-
cation systems. This is particularly relevant for satellite-
based communication systems broadcasting to mobile users.
Although, there is generally less blockage for satellite-based
systems than terrestrial-based systems due to the higher
elevation angles, it is still difficult in a satellite-based system
to transmit enough power to overcome the signal attenuation
effects, particularly in outer fringe areas of the coverage
region.

Communication systems are also increasingly expected to
be capacity efficient and heavy demands are currently
required on many different types of digital communication
channels. With many of these communication channels, a
relatively large amount of bit errors may occur because of
the noted physical blockage in a relatively short period of
time within a sequence of transmitted bits. Errors occurring
in this manner are generally referred to as burst errors, and
thus, such communication channels, particularly mobile
communications channels, are typically referred to as bursty
or fading channels.

Consequently, communication systems operating in the
mobile propagation environment have both time and spacial
dependencies. Conventional communication systems may
thus employ coding and interleaving, as well as clear-line-
of-sight link margins to combat the time and spatially vary
mobile propagation environment. Although such techniques
may be somewhat effective in this environment, current
implementations are not very efficient in terms of the way
they utilize the available power, bandwidth and receiver
resources, such as receiver memory.

Traditional coding methods for communication systems
operating through a bursty or fading channel often employ
some form of interleaving in order to make the communi-
cation system more reliable. As is known in the art, inter-
leaving attempts to spread the effect of burst errors in time
such that the bit errors are decorrelated and separated from
one another. This repositioning of error bits tends to separate
the error bits so that they can be processed in conjunction
with an encoding and decoding communication system. A
convolutional or block decoder is able to tolerate up to some
fraction of its input bits degraded or erased, known as the
decoder’s erasure threshold, and still provide acceptable
performance, measured by bit error probability. The purpose
of the conventional interleaver is thus to reduce the prob-
ability that the decoder’s erasure threshold is exceeded.

Conventional uniform interleavers have an input-to-
output delay distribution that is uniform in probability over
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an interval from a minimum delay to a maximum delay or
length of the interleaver. When optimizing the performance
of a conventional uniform interleaver, the only major trade
involving the interleaver is its delay or length. If the inter-
leaver is much longer than the correlation time of the
channel, which is generally defined as the separation time at
which fading probabilities become uncorrelated, the prob-
ability of a burst error at the output of the interleaver is
small. The maximum delay or length of the interleaver is
thus generally related to the fade correlation time of the
channel. Although a uniform interleaver is not necessarily
optimized for a particular channel, it is generally effective
when the maximum delay or length is chosen to be much
larger than the fade correlation time of the channel.

The coding parameters are also generally chosen based on
the assumption that the interleaver/deinterleaver has man-
aged to completely decorrelate fading events over time. In
reality however, the length of a uniform interleaver neces-
sary to sufficiently decorrelate common mobile fading chan-
nels becomes unreasonably long. This puts excessive
memory requirements on the receiver and has the additional
disadvantage that it slows down the acquisition process. As
the fade correlation time becomes even longer, it is generally
not feasible to make a uniform interleaver of sufficient delay
or length to provide adequate decorrelation of the faded
information. With longer delays or interleaver length, a
delay in data acquisition becomes even longer. Such an
information delay degrades the quality of real time signals,
especially in two-way mobile voice communications.
Consequently, long uniform interleavers are not well-suited
to mobile communication systems that require fast acquisi-
tion. Moreover, simple retransmission of data as is used in
some existing systems is an inefficient means for dealing
with burst errors in the channel.

As far as the link margin is concerned, some conventional
systems use link margin as their primary means of fade
mitigation. This may be conceptually effective, but is an
extremely inefficient use of transmit power resources and in
fact many systems cannot afford to provide this much excess
transmit power. Even if link margin is coupled with coding/
interleaving, often the system is designed for a single
minimum link margin over the coverage region. It is typi-
cally based on the worst case propagation statistics over the
coverage region. The actual link margin will just be what-
ever results from standard transmit and receiver antenna
gain patterns used to cover the region with the minimum link
margin. There is no effort to match the link margin to the
geographically varying propagation environment, so often
this results in excessive link margins in the areas that don’t
need it, and having just enough in areas that need it the most.
In the end, such use is an inefficient means of allocating
available power.

What is needed then is a communication system for
broadcasting to mobile users having a structure of coding/
interleaving and link margins designed specifically to match
the time and spatial dependencies of the propagation envi-
ronment such that it will not suffer from the above men-
tioned disadvantages. This will, in turn, result in superior
performance in the mobile environment with efficient use of
power, bandwidth and receiver resources; minimize
expected correlation between deinlterleaver output bits;
increase data acquisition times; increase quality of real time
signals; decrease the probability that the average erasure
fraction exceeds the decoder’s threshold; remove the restric-
tion of a uniform interleaver delay; matches the length and
shape of the interleaver, as well as the rate of the encoder to
channel correlation statistics; provides an overall commu-
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nication system specifically designed for the signal propa-
gation characteristics of mobile users; minimizes outages in
a power efficient manner; provides reliable communication
to mobile users; and intentionally weights system link
margins across the coverage region where the mobile users
operate to counteract regional variations in the propagation
environment. It is, therefore, an object of the present inven-
tion to provide such a communication system for broadcast-
ing to mobile users.

SUMMARY OF THE INVENTION

In accordance with the teachings of the present invention,
a communication system for broadcasting to mobile users in
a coverage region is disclosed. The communication system
utilizes an error correction encoder and a weighted
interleaver, as well as a link margin structure which are
designed to be specifically matched to the time and spatially
dependent channel fade statistics to provide optimum per-
formance. This is basically achieved by determining a
channel correlation function in time for the transmit channel
and determining a non-uniform interleaver delay distribu-
tion based upon this channel correlation function, as well as
determining an optimum encoder rate and a link margin
structure.

In one preferred embodiment, a communication system
for broadcasting over a channel to users in a coverage region
includes a transmitter. The transmitter includes an error
correction encoder and a weighted interleaver. The error
correction encoder includes a first input to receive data bits
and a first output. The error correction encoder expands each
data bit received at the input by an encoder rate. The
weighted interleaver has a second input to receive the
expanded data bits and a second output. The weighted
interleaver utilizes a non-uniform delay distribution between
a minimum delay and a maximum delay to interleave the
expanded data bits by the non-uniform delay distribution.

Use of the present invention provides a communication
system for broadcasting over a channel to users in a cover-
age region. As a result, the aforementioned disadvantages
associated with the current communication systems have
been substantially reduced or eliminated.

BRIEF DESCRIPTION OF THE DRAWINGS

Still other advantages of the present invention will
become apparent to those skilled in the art after reading the
following specification and by reference to the drawings in
which:

FIG. 1 is an overall communication system block diagram
of the present invention;

FIG. 2 is a detailed schematic block diagram of a first
preferred embodiment of the present invention;

FIG. 3 is a detailed schematic block diagram of the
interleaver/deinterleaver shown in FIG. 2;

FIG. 4 is a graph representing an interleaver delay dis-
tribution function p(T);

FIG. 5 is a detailed schematic block diagram of another
interleaver/deinterleaver modeled from the delay distribu-
tion function p(t) of FIG. 4;

FIG. 6 is a flow chart setting forth the steps for deter-
mining the weighted link margins of FIG. 2; and

FIG. 7 is a detailed schematic block diagram of a second
preferred embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT(S)

The following description of the preferred embodiments
concerning a communication system for broadcasting to
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mobile users is merely exemplary in nature and is in no way
intended to limit the invention or its application or uses.
Moreover, while the invention is discussed in detail below
with mobile users, one skilled in the art will recognize that
the communication system can be used by other users as
well.

Referring to FIG. 1, a communication system 10 for
broadcasting to mobile users in a system environment is
shown. The communication system 10 includes a ground
station 12, a repeater satellite 14 and a mobile receiver 16
within a coverage area 18. The ground station 12 transmits
data or communication signals, such as audio, up to the
repeater satellite 14. The repeater satellite 14 retransmits or
broadcasts the communication signals from the ground
station 12 into the coverage area 18, via an antenna 20. The
mobile receiver 16 operating within the coverage area 18
receives this communication signal, via an antenna 22. The
antenna 20 and antenna 22 utilize a weighted link margin
technique, further discussed herein, to match the link margin
to the geographically varying propagation environment. The
mobile receiver 16 may be located in various regions
throughout the coverage area 18 such as in an automobile
24, a truck 26 or a hand-held unit 28.

Referring to FIG. 2, a detailed schematic block diagram of
the communication system 10 according to a first preferred
embodiment of the present invention is shown. The sche-
matic block diagram details the ground station or transmitter
12 in communication with the satellite 14 which retransmits
communication signals, via antenna 20, to the mobile
receiver 16 which receives the information, via antenna 22.
The ground station or transmitter 12 includes an error
correction encoder 30, a weighted or non-uniform inter-
leaver 32 and a modulator 34 which transfers the commu-
nication signals, via a satellite transmission channel or link
36 to the mobile receiver 16. The mobile receiver 16
includes a demodulator 38, a weighted deinterleaver 40 and
a decoder 42.

Digital information or data bits, typically audio data in the
mobile communication system 10, are applied to the error
correction encoder 30. The error correction encoder 30 is a
conventional error correction encoder 30 which uses error
correction coding to expand the data bits being sent through
the encoder 30 by an encoder rate. In other words, should a
one-quarter rate encoder 30 be selected, each bit through the
encoder 30 will be expanded to four redundant or code bits.
The expanded data bits are then applied to the weighted
interleaver 32.

The weighted interleaver 32 randomly or non-uniformly
distributes the expanded data bits in time between a mini-
mum delay and a maximum delay to provide optimum
decorrelation with regard to the fading statistics of channel
36. In other words, the interleaver 32 will route the expanded
data bits pseudo-randomly according to a non-uniform prob-
ability distribution from a minimum delay to a maximum
delay. The weighted interleaver 32 and the weighted deinter-
leaver 40 are discussed in detail in application Ser. No. U.S.
Pat. No. 5,852,614, entitled “WEIGHTED INTERLEAV-
ING FOR CORRELATED CHANNEL CODING”, naming
as inventors Scott Adam Stephens, Terrence Raymond
Smigla, and Donald Ray Martin, filed concurrently
herewith, which is hereby incorporated by reference and
further discussed herein. The parameters of the encoder 30
and the weighted interleaver 32 are both chosen in a com-
plimentary fashion to be matched to the fade statistics of the
channel 36. Thus, the encoder 30 provides the error correc-
tion capabilities and the interleaver 32 and deinterleaver 40
decorrelate the fade statistics that decoder 42 must handle.
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