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ABSTRACT

A synchronization burst processor (56) used in a processing
satellite (12) in a satellite based communications system
(10) is provided with a sync burst memory (72), a first
double correlator (74), a second double correlator (76) and
a modulus module (78). The sync burst memory (72) stores
at least one sync burst (52) transmitted from a terrestrial
terminal (14) to the processing satellite (12) where the sync
burst (52) is formed from a quadrature pair sample set {p,
q}. The first double correlator (74) performs an early cor-
relation and a late correlation of the p samples relative to a
sync burst slot (50) to generate an early correlation Pe and
a late correlation Pl. The second double correlator (76)
performs an early correlation and a late correlation of the q
samples relative to the sync burst slot (50) to generate an
early correlation Qe and a late correlation Ql. The modulus
module (78) determines an early modulus Re and a late
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modulus Rl from the early correlations Pe and Qe and from
the late correlations Pl and QI. The early modulus Re and the
late modulus R1 are used to determine if the sync burst (52)
is present in the sync burst slot (50) and if the sync burst (52)
is early or late relative to the sync burst slot (50).
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SYNCHRONIZATION BURST PROCESSOR
FOR A PROCESSING SATELLITE

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to a communications
system and, more particularly, to a synchronization burst
processor for use in a processing satellite of a satellite based
cellular communications system.

2. Discussion of the Related Art

In a satellite based cellular communications system, a
central terrestrial control processor or a network control
center (NCC) generally controls one or more processing
satellites operating within the communications system. Each
processing satellite within the communications system ser-
vices multiple users located in multiple geographic areas,
known as ground cells. The processing satellites receive and
transmit data signals to and from the multiple users or
terrestrial terminals positioned at different locations within
the ground cells on a point-to-point manner, via uplinks and
downlinks. In a processing satellite using time division
multiple access (TDMA) on the uplink from the terrestrial
terminal to the processing satellite, it is necessary to provide
a means of measuring the time of arrival of transmissions
from the various terrestrial terminals in a given uplink beam
so that the timing of the user transmissions may be adjusted
to maintain a requisite precision. This process may be
resolved into two distinct phases. One directed to the initial
entry and the other directed to the long term maintenance.

For the long term maintenance, user terminals are pro-
vided with periodic time frames or slots to send an explicit
synchronization burst to maintain this timing. These sync
bursts are short, binary phase shift key (BPSK) sequences,
with a fixed structure and convey no information other than
the fact that the burst is present and whether the burst is early
or late relative to the slot, as observed by the processing
satellite. The user terminal sends these sync bursts in either
the active or the standby state. In the long term maintenance
phase, it is also assumed that the user terminal knows the
range of a processing satellite with sufficient accuracy that
its sync bursts will arrive at the processing satellite within a
timing error that is a small fraction of the signaling epoch,
which in no case should exceed approximately one third of
the symbol epoch. The means by which the processing
satellite learns of the sync burst slot or the initial entry which
is reserved for its use, as well as how the user terminal learns
the range to the processing satellite are set forth in detail in
U.S. Ser. No. 09/270,167, filed on Mar. 16, 1999, and
entitled “Initial Entry Processor For A Processing Satellite”
and, TRW Docket No. 22-0056, filed herewith, and entitled
“Synchronization Scheme For A Processing Communication
Satellite”, which are each hereby incorporated by reference.

Each synchronization burst processor is generally
required to serve the total bandwidth of a sub-band
(typically 17 MHz), of which there are typically seven (7)
sub-bands in each beam of the processing satellite coverage
area. Transmission within each sub-band may be configured
in one of three modes and the synchronization burst pro-
cessor must be able to serve each such mode. These modes
include type X where the sync burst processor handles one
single high speed channel or user at a time with each user
occupying a full bandwidth of the sub-band. Type Y where
the sync burst processor handles typically five (5) medium
size users or channels sharing the bandwidth by FDMA.
Type Z where the synchronization burst processor concur-
rently receives signals from typically twenty five (25) low
speed users or channels sharing the bandwidth again by
FDMA.
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Dedicated sync burst time slots within each frequency
channel are provided in the uplink frequency and time plan
of each sub-band for each beam of the processing satellite to
accommodate sync bursts forwarded by user terminals. In
time, these sync burst time slots are organized in sync burst
blocks containing multiple time slots. Typically, there are
twenty such slots in a block on one such channel per TDMA
frame for mode z, 100 per frame per channel for mode Y, and
500 per frame for mode x. Each of these slots is sufficiently
longer than the length N, of a sync burst (typically N=64
symbols) to avoid adverse interactions between consecutive
sync bursts. A typical sync burst slot width is 72 symbols,
thereby providing a guard band of 8 symbols. The product
of the number of channels per sub-band and the number of
slots per block is constant and is generally about 500 for the
typical case. The duration of the sync burst block is also the
same in each mode, which is about twenty-eight hundred
and eighty microseconds (2880 us) for a typical case with
the sync burst interval being concurrent across all channels
(within a sub-band).

The synchronization burst processor is required to exam-
ine the signal presence within each sync burst slot and reach
one of three decisions. These decisions include a sync burst
is present within an acceptable timing error and it is either
(1) early or (2) late, or (3) no sync burst is present within
acceptable timing limits. The synchronization burst proces-
sor must also function reliably without knowing the phase of
the uplink signal. However, the synchronization burst pro-
cessor may rely on the signal amplitude being well con-
trolled as a result of uplink power control procedures. The
synchronization burst processor may also rely upon the
incoming frequency of both the signal carrier and of the
symbol epoch clock being very close to its own timing.

What is needed then is a synchronization burst processor
for a processing satellite in a satellite based cellular com-
munications system that meets the above requirements. This
will, in turn, provide a synchronization burst processor for
operation in a processing satellite that: is capable of oper-
ating solely on odd sample data; provides dual correlators;
is capable of operating in multiple operating modes with
different channelizations; does not respond to noise when
synch bursts are absent; does not respond to poorly aligned
sync bursts; reduces processing load due to operating on one
sample per symbol (odd samples); reduces processing load
due to efficient dual correlators; reduces data transferred
within the satellite because of highly efficient report struc-
tures; and provides reprogrammable or loadable preamble
sequence templates. It is, therefore, an object of the present
invention to provide such a synchronization burst processor
for a processing satellite operating in a satellite based
cellular communications system.

SUMMARY OF THE INVENTION

In accordance with the teachings of the present invention,
a synchronization burst processor for use in a processing
satellite in a satellite based communications system is pro-
vided. The synchronization burst processor operates in mul-
tiple operating modes to perform double correlations and
determine a modulus of these double correlations to deter-
mine if sync bursts are present and whether the sync bursts
are early or late relative to a sync burst slot.

In one preferred embodiment, a synchronization burst
processor for use in a processing satellite in a satellite based
communications system includes a sync burst memory, a
first double correlator, a second double correlator, and a
modulus module. The sync burst memory is operable to
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store at least one sync burst transmitted from a terrestrial
terminal to the processing satellite with the sync burst being
formed from a quadrature pair sample set {p, q}. The first
double correlator performs an early correlation and a late
correlation of the p samples relative to a sync burst slot to
generate an early correlation Pe and a late correlation P1. The
second double correlator performs an early correlation and
a late correlation of the q samples relative to the sync burst
slot to generate an early correlation Qe and a late correlation
QL. The modulus module determines an early modulus Re
and a late modulus Rl from the early correlations Pe and Qe
and from the late correlations P1 and QI such that the early
modulus Re and late modulus Rl are used to determine if the
sync burst is present in the sync burst slot and if the sync
burst is early or late relative to the sync burst slot.

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 satellite based cellular communica-
tions system block diagram;

FIG. 2 is a detailed layout diagram of communications
uplinks and downlinks between terrestrial user terminals
located within multiple ground cells and a processing com-
munications satellite;

FIG. 3 is a detailed timing diagram illustrating a sync
burst interval during mode Y operation;

FIG. 4 is a detailed block diagram of a synchronization
burst processor of the present invention used in the process-
ing communications satellite;

FIG. 5 is a graph of the response of the synchronization
burst processor to sync bursts under varying degrees of time
misalignment; and

FIG. 6 illustrates a measure of probability response for the
synchronization burst processor.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT(S)

The following description of the preferred embodiments
concerning a synchronization burst processor for a process-
ing satellite used in a satellite based cellular communica-
tions system is merely exemplary in nature and is not
intended to limit the invention or its application or uses.

Referring to FIG. 1, a satellite based cellular communi-
cations system 10 for supporting multiple users located in
multiple geographic areas or ground cells is shown. The
communications system 10 includes one or more processing
satellites 12 operating generally in geosynchronous orbits.
Each processing satellite 12 supports multiple terrestrial user
terminals 14 positioned within various defined ground cells,
further discussed herein. Each processing satellite 12
receives data signals from the user terminals 14 on the
communications uplinks 16 and transmits data signals to the
user terminals 14 on the communications downlinks 18.
Each user terminal 14 transmits data signals on the com-
munications uplinks 16, which may include multiple carrier
channels and formats, and receives data signals on the
communications downlinks 18, via an antenna 20. Each
processing satellite 12 receives and transmits the data sig-
nals on the communications uplinks 16 and the communi-
cations downlinks 18, via a multibeam antenna 22 or any
other appropriate antenna to service the required region.

The satellite based cellular communications system 10
also includes a network control center (NCC) 24 which
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includes a central control processor 26. The network control
center 24 generally controls the overall operations of each
processing satellite 12 utilizing communications uplinks 16
and communications downlinks 18, via an antenna 28. These
overall operations include maintenance of the geosynchro-
nous orbit, positioning of solar collectors 30, initializing
satellite system parameters, user billing, as well as other
operational controls which are all well known in the art. The
central control processor 26 in the network operations center
24 is preferably a general purpose programmable computer
of appropriate computational power.

Referring now to FIG. 2, a processing communications
satellite 12 is shown illuminating a coverage region 32, via
antenna 22. The processing satellite 12 services the coverage
region 32 which includes multiple ground cells 34 repre-
sented by each hexagonal shaped region 36 that are the
regions each individually illuminated by one antenna beam
from the multibeam antenna 22 on the communications
satellite 12. Each ground cell 34 typically measures approxi-
mately 300 to 400 miles in diameter and is generally
measured as the shortest distance between two points where
the antenna gain is minimally acceptable. For example, this
may be a point at which the antenna gain drops off by 5 or
6 dB.

The coverage region 32 is shown utilizing what is known
as a 4-to-1 reuse where the coverage region 32 is separated
into one of four types of ground cells 34a-34d. Of course,
any other type of reuse pattern may also be employed. Each
of the ground cells 34 having the same shading operate
within the same frequency band. Each frequency band,
which is preferably about 125 MHz wide, is separated into
preferably seven sub-bands (carrier frequency channels),
each having a bandwidth of about 17.85 MHz. The sub-
bands are available to users or terrestrial terminals 14
operating within the ground cells 34. For example, each of
the ground cells 34a may be allocated a first 125 MHz
frequency band that is divided into seven 17.8 MHz sub-
bands where each sub-band may be divided into multiple
channels of 1, 5 or 25 (X, Y, and Z). In this way, user
terminal 14a within ground cell 34a may be allocated at least
one of the channels within at least one of the sub-bands and
at least one of the time slots allocated to that particular
channel. Similarly, each of the ground cells 34 may be
allocated a second 125 MHz frequency band, each of the
ground cells 34c may be allocated a third 125 MHz fre-
quency band and each of the ground cells 34d may be
allocated a fourth 125 MHz frequency band. In other words,
all of the ground cells identified as 34a will be operated
within the same 125 MHz frequency band having the same
channels available and so forth throughout each set of
ground cells 34 within the coverage region 32.

User terminal 14a in ground cell 34a may be operating
within one of the seven (7) sub-bands of the first 125 MHz
frequency band and say, for example, channel one of a Y
mode allocation. The communications uplink 16a originat-
ing from user terminal 14« is directed into a main beam 38
of the multibeam antenna 22 servicing ground cell 34a. User
terminal 14a may also be bursting on and off within a
particular time slot for carrier channel one within the sub-
band. User terminal 14a may also use additional carrier
channels within the sub-band and/or additional time slots
depending on how much bandwidth the user terminal 14a
requires to transmit all its data, via the communications
uplink 16a.

Each of the communications downlinks 18 from the
communications satellite 12 to the multiple user terminal 14
within each group of ground cells 34a—34d operate on a
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single carrier frequency or channel and is generally always
on. In other words, all of the ground cells 34a operate on a
first carrier frequency, all of the ground cells 34b operate on
a second carrier frequency and so forth. The downlink 18 for
each group of ground cells 34a-34d bears a single TDM
channel because of the limited power constraints associated
with operating the processing communications satellite 12.

Turning to FIG. 3, a sync burst organization 40 shown in
frequency and time for a mode Y channelization is shown.
In this regard, one of seven (7) 17.8 MHz sub-bands, divided
into five separate channels, 42 is shown. Each sub-band is
channelized by FDMA with each channel 42 further divided
by TDMA frames 44. Each TDMA frame 44 consists of two
parts which are a sync burst interval or block 46 and a traffic
burst interval 48. The sync burst interval 46 is used for the
synchronization timing while the traffic burst interval 48
contains the communications data. Each user terminal 14 is
assigned at least one channel 42 in at least one TDMA frame
44 in that particular channel 42 containing its synch burst
slot 50. Each of the sync bursts intervals 46 is also com-
prised of several slots, typically 100 slots 50 per sync burst
interval 46 in each of the five channels 42. Each of the sync
burst slots 50 is typically 72 symbols in length with each
sync burst 52 consisting of typically 64 symbols in length to
provide a guard time 54 of +/-4 for a total of 8 symbols to
inhibit overlaps between slots 50. It should further be noted
that there are two types of transmission originating from the
various user terminals 14. These transmissions include
active users which transmit, via the uplink 16, both sync
bursts 52 and also traffic bursts within the traffic burst frames
48 and standby users which only transmit sync bursts 52.

Referring to FIG. 4, a synchronization burst processor
(SBP) 56 according to the teachings of the present invention
is shown. The synchronization burst processor 56 may be
embodied as a buffer plus a microprocessor or as a buffer
plus special purpose digital logic. The essential function of
the synchronization burst processor 56 is to detect the
presence of synchronization bursts 52 (when aligned within
a small allowable timing uncertainty or sync burst slot 50)
and to categorize the sync burst 52 as either early or late
relative to the sync burst slot 50. The basic activity of the
synchronization burst processor 56 consists of a brief real
time interval during which the synchronization burst pro-
cessor 56 acquires samples, followed by a processing inter-
val during which the synchronization burst processor 56
assesses all of the sync burst slots 50 in the synchronization
burst interval 46 and prepares a report. This later phase has
the requirement that the processing for each sync burst block
or interval 46 must be completed prior to the start of the next
TDMA frame 44. Typical times are roughly about three
milliseconds (3 ms) for the data capture and about ninety
milliseconds (90 ms) for its processing.

While only one synchronization burst processor 56 is
shown in FIG. 4, it should also be understood that multiple
synchronization burst processors 56 are present within each
processing satellite 12, with one being utilized for each of
the seven (7) sub-bands within each ground cell 34. The
synchronization burst processor 56 operates under the direc-
tion of an addressing and control module or processor 58.
The addressing and control processor 58 receives a block or
timing gate 60 from the processing satellites timing system
which identifies when the sync burst block or interval 46 will
occur. The addressing and control processor further receives
a mode select input 62 which identifies which particular
mode the synchronization burst processor 56 should be
operated in (X, Y or Z), as well as a clock or timing signal
input 54, all of which are provided, via the satellite’s
on-board processor.
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The addressing and control processor 58 routes clock and
address control for various memories, as well as an indica-
tion of when the sync burst interval 46 is going to occur
(block gate 60), from multiple clock and address outputs 66
which are routed throughout the synchronization burst pro-
cessor 56. In other words, the synchronization burst proces-
sor 56 accepts timing or block gates 60 from the satellite’s
uplink timing system to coordinate its activities and to limit
its processing from a channelizer output during the sync
burst interval 46. The synchronization burst processor 56
also receives the configuration control signals from the
satellite’s on board processor instructing it as to which of the
modes it is to process, via the mode select input 62.

The synchronization burst processor 56 operates on digi-
tized quadrature pair samples (p, q) from an upstream
channelizer and matched filter 68 which are delivered to the
synchronization burst processor 56 during a synchronization
burst interval 46, shown in FIG. 3. In other words, the
synchronization burst processor 56 interfaces with the chan-
nelizer and matched filter 68 to receive a sequence of
complex sample pairs (p, q) during the sync burst block 46.
These samples represent the complex (quadrature) values of
the symbols transmitted in the sync bursts 52 (or of noise
during the interval between sync bursts 52) on a two sample
(odd and even) per symbol basis. Further details on the
channelizer and matched filter is set forth in TRW Docket
No. 22-0063, filed herewith, and entitled “Uplink Demodu-
lator Scheme for a Processing Satellite”, which is hereby
incorporated by reference.

A select module 70 which is controlled by the addressing
and control processor 58, via output 66, selects the complex
quadrature pairs (p, q) of the symbols of the sync bursts 52
transmitted during the sync burst block 46 and inhibits the
passing of any of the traffic bursts 48. It should be noted that
the samples from each sync burst 52 in the X mode are time
sequential, while in the Y and Z modes, the samples are
interleaved as a result of the frequency multiplexing of the
sub-bands in these modes. Thus, the total number of samples
passed from the channelizer and matched filter 68 to the
select module 70 is the number of sync bursts 52 per sync
burst block or interval 46 times the number of symbols in a
sync burst time slot 50 times 2 (two samples per symbol per
arm) (500x72x2=72000 for the typical case) for each of the
two quadrature arms (p,q).

These samples are categorized as “even” for those that
correspond to the convergence of the matched filter “eye”
diagram and “odd” for those that are a one-half symbol
epoch removed therefrom (when the samples are taken
precisely on time). Note that the presumed timing error of
sync bursts 52 is small so that even and odd sets are always
distinguishable apriori. The even samples are not relevant
for timing purposes and only the odd quadrature pair
samples (p, q) are needed by the synchronization burst
processor 56. The select module 70 therefore immediately
discards the even samples and forwards the odd samples or
one sample per symbol for the quadrature arms p and q from
the select module 70 to a sync burst block sample memory
72 which is a memory buffer. The sample memory 72
receives the odd samples from the quadrature pair sample set
{p, q} that may be mixed in frequency and time and stores
them in memory and demultiplexes them (if necessary)
when removed from memory. In other words, for modes Y
and Z, the channelizer samples are demultiplexed in the sync
burst block sample memory 72 under the control of the
address and control processor 56 according to the number of
frequency multiplexed channels that are present.

In this regard, the demultiplexing process merely involves
recovering the samples from the sample memory 72 using an
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