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ABSTRACT

A multiple access scheme is described. One or more encoders
are configured to encode a plurality of bit streams using Low
Density Parity Check (LDPC) coding. The bit streams corre
spond to a respective plurality of terminals. The plurality of
bit streams are converted to provide a multiple access scheme
for the terminals.
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METHOD AND SYSTEM FOR PROVIDING

LOW DENSITY PARITY CHECK (LDPC)
CODING FORSCRAMBLED CODED

MULTIPLE ACCESS (SCMA)
RELATED APPLICATIONS

0001. This application is a continuation in part of U.S.
patent application (Ser. No. 12/056,144) filed Mar. 26, 2008,
entitled “Method and System for Providing Scrambled Coded
Multiple Access (SCMA), the entirety of which is incorpo
rated herein by reference, which is related to, and claims the
benefit of the earlier filing date under 35 U.S.C. S 119(e) of,
U.S. Provisional Patent Application (Ser. No. 60/908,340)
filed Mar. 27, 2007 (Attorney Docket: 115426-1147), entitled
“EfficientVSAT Transmission Using Low-Rate Turbo Codes
and Scrambled Coded Multiple Access (SCMA) Tech
niques’; the entirety of which is incorporated herein by ref
CCC.

BACKGROUND INFORMATION

0002 Multiple access schemes are employed by modern
radio systems to allow multiple users to share a limited
amount of bandwidth, while maintaining acceptable system
performance. Common multiple access schemes include Fre
quency Division Multiple Access (FDMA), Time Division
Multiple Access (TDMA), and Code Division Multiple
Access (CDMA). System performance is also aided by error
control codes. Nearly all communications systems rely on
Some form of error control for managing errors that may
occur due to noise and other factors during transmission of
information through a communication channel. These com
munications systems can include satellite systems, fiber-optic
systems, cellular systems, and radio and television broadcast
ing systems. Efficient error control schemes implemented at
the transmitting end of these communications systems have
the capacity to enable the transmission of data including
audio, video, text, etc. with very low error rates within a given
signal-to-noise ratio (SNR) environment. Powerful error con
trol schemes also enable a communications system to achieve
target error performance rates in environments with very low
SNR, such as in satellite and other wireless systems where
noise is prevalent and high levels of transmission power are
costly, if even feasible.
0003. Thus, broad classes of powerful error control
schemes that enable reliable transmission of information

have emerged including convolutional codes, low density
parity check (LDPC) codes, and turbo codes. Both LDPC
codes as well as some classes of turbo codes have been

Successfully demonstrated to approach near the theoretical
bound (i.e., Shannon limit). Although long constraint length
convolutional codes can also approach the Shannon limit,
decoder design complexity prevents practical, wide spread
adoption. LDPC codes and turbo codes, on the other hand,
can achieve low error rates with lower complexity decoders.
Consequently, these codes have garnered significant atten
tion.

0004 Traditionally, LDPC codes have not been widely
deployed because of a number of drawbacks. One drawback
is that the LDPC encoding technique is highly complex.
Encoding an LDPC code using its generator matrix would
require storing a very large, non-sparse matrix. Additionally,
LDPC codes require large blocks to be effective; conse
quently, even though parity check matrices of LDPC codes

are sparse, storing these matrices is problematic. From an
implementation perspective, a number of challenges are con
fronted. For example, storage is an important reason why
LDPC codes have not become widespread in practice. Also, a
key challenge in LDPC code implementation has been how to
achieve the connection network between several processing
engines (nodes) in the decoder. Further, the computational
load in the decoding process, specifically the check node
operations, poses a problem.
0005. Further, conventional data transmission to and from
an ultra small terminal via satellite is usually based on Code
Division Multiple Access (CDMA) technique using rate /2 or
/3 turbo codes. CDMA spreads bandwidth to reduce the inter
ference to adjacent satellites, whereas the turbo code provides
coding gain needed to close the link. CDMA also allows
multiple users sharing the bandwidth at the same time. How
ever, CDMA systems typically need a large bandwidth expan
sion factor to function properly. Additionally, CDMA sys
tems require all signals accessing the same spectrum at the
same time to be of equal power; provision for power control
makes CDMA system more complicated to implement. The
inherent long propagation delay of a satellite link makes it
even more difficult. Moreover, based on different require
ments and regulations that are set (for example, by Federal
Communications Commission (FCC), International Radio
Union), antenna side lobe, power density at antenna flange,
off-axis effective isotropic radiate power (EIRP) density, etc.
radiated by terminals that communicate via satellite are lim
ited. However, to provide uplink closure at high data rates
using Small aperture antenna (for example, in Small termi
nals), the regulatory limits can easily be exceeded by conven
tional satellite transmission means.

0006. Therefore, there is a need for an access scheme
based on LDPC encoding that can effectively utilize low code
rates, while minimizing complexity. There is also a need for
using LDPC codes efficiently to support high data rates, with
out introducing greater complexity. There is also a need to
improve performance of LDPC encoders and decoders. There
is also a need to minimize storage requirements for imple
menting LDPC coding. There is a further need for a scheme
that simplifies the communication between processing nodes
in the LDPC decoder. Moreover, there is a need for an access

scheme that can effectively spread radiated power spectral
density by, for example, utilizing low code rates and spectral
spreading, while minimizing complexity
SOME EXEMPLARY EMBODIMENTS

0007. These and other needs are addressed by the present
invention, wherein a scrambled division multiple access
(SDMA) scheme and a spread scrambled division multiple
access (SSDMA) scheme employing low density parity
check (LDPC) encoding is provided.
0008 According to one aspect of an exemplary embodi
ment, a method comprises scrambling a first bit stream from
a first terminal according to a first Scrambling signature. The
method also comprises Scrambling a second bit stream from a
second terminal according to a second Scrambling signature,
wherein the first bit stream and the second bit stream are

encoded using a low rate code. The first scrambling signature
and the second scrambling signature are assigned, respec
tively, to the first terminal and the second terminal to provide
a multiple access Scheme.
0009. According to another aspect of an exemplary
embodiment, an apparatus comprises a plurality of encoders,
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each encoder being configured to encode a first data stream
from a first terminal and a second data stream from a second

terminal using a low code rate. The apparatus also comprises
a first scrambler configured to scramble the first bit stream
from a first terminal according to a first Scrambling signature.
The apparatus further comprises a second scrambler config
ured to scramble the second bit stream from a second terminal

according to a second Scrambling signature. The first scram
bling signature and the second scrambling signature are
assigned, respectively, to the first terminal and the second
terminal to provide a multiple access Scheme.
0010. According to another aspect of an exemplary
embodiment, a method comprises applying joint detection
and interference cancellation on a received composite signal,
wherein the composite signal includes one or more encoded
bit streams having a low code rate. The method also com
prises estimating the encoded bit streams, descrambling the
estimated bit streams, and decoding the descrambled bit
streams. The method further comprises modifying the com
posite signal based on the decoded bit stream, and iteratively
decoding bit streams of the modified composite signal.
0011. According to yet another aspect of an exemplary
embodiment, a system comprises a joint detector and inter
ference canceller configured to detect and cancel interference
from a received composite signal, wherein the composite
signal includes one or more encoded bit streams having a low
code rate. The system also comprises a demodulator config
ured to estimate the encoded bit streams, a plurality of
descramblers configured to descramble the estimated bit
streams, and a plurality of decoders configured to decode the
bit streams. The system further comprises a plurality of
scramblers configured to re-scramble the decoded bit
streams, wherein the joint detector and interference canceller
is further configured to modify the composite signal for Sub
sequent iterative decoding by the decoders.
0012 Still other aspects, features, and advantages of the
present invention are readily apparent from the following
detailed description, simply by illustrating a number of par
ticular embodiments and implementations, including the best
mode contemplated for carrying out the present invention.
The present invention is also capable of other and different
embodiments, and its several details can be modified in vari

ous obvious respects, all without departing from the spirit and
Scope of the present invention. Accordingly, the drawing and
description are to be regarded as illustrative in nature, and not
as restrictive.
BRIEF DESCRIPTION OF THE DRAWINGS

0017 FIGS. 4A and 4B, are, respectively, a diagram of a
system capable of Supporting multiple transmitters using a
SDMA scheme employing low density parity check (LDPC)
encoding, and a flowchart of an associated Scrambling pro
cess, according to an exemplary embodiment;
0018 FIG. 5 is a flowchart of a process for joint detection/
interference cancellation in the system of FIG. 4A, according
to an exemplary embodiment;
0019 FIG. 6 is a diagram of a scrambler, in accordance
with various exemplary embodiments;
0020 FIG. 7 is a diagram of a sparse parity check matrix,
in accordance with an exemplary embodiment;
0021 FIG. 8 is a diagram of a bipartite graph of an LDPC
code of the matrix of FIG. 7, according to an exemplary
embodiment;

0022 FIG.9 is a diagram of a sub-matrix of a sparse parity
check matrix, wherein the Sub-matrix contains parity check
values restricted to the lower triangular region, according to
an exemplary embodiment;
(0023 FIG. 10 is a flow chart of the operation of the LDPC
decoder of FIG. 3, according to an exemplary embodiment;
0024 FIGS. 11A-11C are diagrams of the interactions
between the check nodes and the bit nodes in a decoding
process, according to an exemplary embodiment;
0025 FIGS. 12A and 12B are diagrams of the top edge and
bottom edge, respectively, of memory organized to Support
structured access as to realize randomness in LDPC coding,
according to an exemplary embodiment;
(0026 FIGS. 13 A-13D are diagrams of parity check
matrix, bipartite graph, top edge RAM, and bottom edge
RAM, respectively, to support structured access as to realize
randomness in LDPC coding/decoding, according to an
exemplary embodiment;
0027 FIGS. 14A-14D are diagrams of parity check
matrix, bipartite graph, top edge RAM, and bottom edge
RAM, respectively, to support structured access as to realize
randomness in LDPC coding/decoding, according to another
exemplary embodiment;
0028 FIG. 15 is a communications system capable of
providing a spread Scrambled division multiple access (SS
DMA) scheme, according to various exemplary embodi
ments;

(0029 FIGS. 16A and 16B are ladder diagrams of pro
cesses for terminal data transmission, according to various
exemplary embodiments;
0030 FIG. 17 is a diagram of a transmitter configured to
operate in the systems of FIG. 15, according to an exemplary
embodiment;

0013 The present invention is illustrated by way of
example, and not by way of limitation, in the figures of the
accompanying drawings and in which like reference numer

0031 FIG. 18 is a diagram of a receiver configured to
operate in the systems of FIG. 15, according to an exemplary

als refer to similar elements and in which:

embodiment;

0014 FIGS. 1A and 1B are communications systems
capable of providing a scrambled division multiple access
(SDMA) scheme employing low density parity check
(LDPC) encoding, according to various exemplary embodi

0032 FIG. 19 is a flowchart of a process of transmission
and reception using a SSCMA scheme employing low rate
forward error correction (FEC)code, according to an exem
plary embodiment;
0033 FIG. 20 is a diagram of a system capable of support
ing multiple transmitters using a SSCMA scheme employing
low rate FEC code, according to an exemplary embodiment;
0034 FIGS. 21A and 21B are, respectively, a functional
diagram and a flowchart for joint detection/interference can
cellation in the system of FIG. 20, according to an exemplary

ments;

0015 FIG. 2 is a diagram of a transmitter configured to
operate in the systems of FIGS. 1A and 1B, according to an
exemplary embodiment;
0016 FIG.3 is a diagram of a receiver configured to oper
ate in the systems of FIGS. 1A and 1B, according to an
exemplary embodiment;

embodiment;
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0035 FIGS. 22A and 22B are, respectively, diagrams of
burst format for return path transmission and forward path
transmission, according to various exemplary embodiments;
and

0036 FIG. 23 is a diagram of a computer system that can
perform the processes of encoding and decoding of LDPC
codes, in accordance with various exemplary embodiments.
DESCRIPTION OF PREFERRED
EMBODIMENTS

0037. A method, system, and software for providing a
scrambled division multiple access (SDMA) scheme and a
spread scrambled division multiple access (SSDMA) scheme
employing low density parity check (LDPC) encoding and
efficiently decoding structured LDPC codes is described. In
the following description, for the purposes of explanation,
numerous specific details are set forth in order to provide a
thorough understanding of the invention. It is apparent, how
ever, that the invention may be practiced without these spe
cific details or with an equivalent arrangement. In other
instances, well-known structures and devices are shown in

block diagram form in order to avoid unnecessarily obscuring
the invention.

0038 Although certain embodiments of the present inven
tion are described with respect to low density parity check
(LDPC) codes, it is contemplated that these embodiments
have applicability to low-rate codes in general (e.g., low-rate
turbo codes). Also, although certain embodiments of the
present invention are described with respect to scramblers, it
is contemplated that these embodiments have applicability to
any multi-user discrimination methods (e.g., interleavers,
multiple access schemes, etc.).
0039 FIGS. 1A and 1B are communications systems
capable of providing a scrambled division multiple access
(SDMA) scheme, according to various exemplary embodi
ments. A digital communications system 100 includes one or
more transmitters 101 that generate signal waveforms across
a communication channel 103 to one or more receivers 105

(of which one is shown). In this discrete communications
system 100, the transmitter 101 has a message source that
produces a discrete set of possible messages; each of the
possible messages has a corresponding signal waveform.
These signal waveforms are attenuated, or otherwise altered,
by communications channel 103. To combat the noise chan
nel 103, coding is utilized. For example, forward error cor
rection (FEC) codes can be employed.
0040. Forward error correction (FEC) is required inter
restrial and satellite systems to provide high quality commu
nication over a radio frequency (RF) propagation channel,
which induces signal waveform and spectrum distortions,
including signal attenuation (freespace propagation loss) and
multi-path induced fading. These impairments drive the
design of the radio transmission and receiver equipment;
exemplary design objectives include selecting modulation
formats, error control schemes, demodulation and decoding
techniques and hardware components that together provide
an efficient balance between system performance and imple
mentation complexity. Differences in propagation channel

0041 Code rate is an important factor that has a significant
effect on the error performance of the code. The choice of
which code rate to operate, in turn, depends on the SNR of the
environment in which the codes will be deployed. Tradition
ally, low SNR environments require the use of low code rates
(i.e., more redundancy), whereas high SNR environments can
enable the utilization of higher coderates. There is a continual
challenge to devise codes that edge closer to the Shannon
limit, while minimizing complexity.
0042. The LDPC codes that are generated by the transmit
ter 101 enable high speed implementation without incurring
any performance loss. These structured LDPC codes output
from the transmitter 101 avoid assignment of a small number
of check nodes to the bit nodes already vulnerable to channel
errors by virtue of the modulation scheme.
0043. Such LDPC codes have a parallelizable decoding
algorithm (unlike turbo codes), which advantageously
involves simple operations such as addition, comparison, and
table look-up. Moreover, carefully designed LDPC codes do
not exhibit any sign of error floor.
0044 According to one embodiment of the present inven
tion, the transmitter 101 generates, using a relatively simple
encoding technique, LDPC codes based on parity check
matrices (which facilitate efficient memory access during
decoding) to communicate with the receiver 105. The trans
mitter 101 employs LDPC codes that can outperform concat
enated turbo--RS (Reed-Solomon) codes, provided the block
length is sufficiently large.
0045 FIG. 1B is a diagram of an exemplary meshed net
work capable of supporting communication among terminals
with varied capabilities, according to an embodiment of the
present invention.
0046 Satellite communications system 120 includes a sat
ellite 121 that Supports communication among multiple sat
ellite terminals (STs) 123, 125 and a hub 127. The hub 127
may assume the role of a Network Operations Control Center
(NOCC), which controls the access of the STs 123,125 to the
network 120 and also provides element management func
tions and control of the address resolution and resource man

munication channels, naturally result in significantly differ
ent system designs. Likewise, existing communications sys
tems continue to evolve in order to satisfy increased system
requirements for new higher rate or higher fidelity commu

agement functionality. The satellite 121, in an exemplary
embodiment, operates as a packet Switch (e.g., at a data link
layer) that provides direct unicast and multicast communica
tion among the STs 123, 125. The STs 123, 125 provide
connectivity to one or more hosts 129, 131, respectively.
According to one embodiment of the present invention, the
system 120 has a fully meshed architecture, whereby the STs
123, 125 may directly communicate.
0047. As previously discussed, a system in which termi
nals are deployed, particularly a satellite system, incompat
ibility problems may arise if different “generations of termi
nals exist, in which one ST employs older hardware and/or
software technologies than the other.
0048 For newer, highly capable terminals to communi
cate with older (typically) less capable terminals, an
exchange of information regarding the capabilities among the
communicating terminals is needed. Specifically, the com
mon air interface needs to Support a discovery of the termi
nal's capabilities profile (or context information). These
capabilities can include encryption scheme, compression
scheme, segmentation and reassembly (SAR) scheme, auto
matic repeat request (ARQ) scheme, Quality-of-Service
(QoS) parameters, power levels, modulation and coding
schemes, power control algorithms, and link adaptation capa

nication services.

bilities.

characteristics, such as between terrestrial and satellite com
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0049. Under a conventional approach, terminal profile can
be readily exchanged over a network with a star topology
where no peer-to-peer communication exists. For example, in
the General Packet Radio Service (GPRS)/Universal Mobile
Telecommunications System (UMTS) family of protocols,
Such capabilities profiles include a packet data protocol
(PDP) context and a mobility management context. In an
exemplary embodiment, the concepts of PDP context and
mobility management context are combined and the term
packet data protocol (PDP) context is used in general to refer
to terminal capabilities. It is recognized that these terminals
can be mobile as well as non-mobile. According to an exem
plary embodiment, this PDP context, for example, which can
provide information about the encryption algorithm, com
pression algorithm, modes of data link layer communication,
and physical layer transfer capabilities is combined by the
transmit ST with the Quality of Service (QoS) of a pending
data flow to determine a packet transfer context to use in
transmission of the flow. If a PDP context has been previously
established, then the sending ST can autonomously create the
packet transfer context, which both satisfies the QoS of the
data flow and is compatible with the receive ST capabilities.
0050. According to one embodiment, the exchange ofter
minal profile can be executed over a meshed network, in a
peer-to-peer manner. The STs 123,125 support the use of a
negotiation procedure to determine the optimal configuration
for transmission and reception of data. If a protocol imple
ments control procedures or options in newer versions (i.e.,
flow-control/rate-control), older protocol versions are able to
detect the initiation as a new unsupported procedure and
report the same to the peer with minimal disruption in the flow
of traffic.

0051. The ST-ST protocol advantageously takes into
account that even for peers of the same version, some capa
bilities may not necessarily be always Supported due to local
temporal processing/memory/congestion-related constraints.
Additionally, the ST-ST protocol design provides for rapid
developments in data communication technology.
0052 Incompatibility between two STs is detected by the
terminal that originates the traffic. Thus, potential miscon
figurations or software incompatibilities can at least be iden
tified, without requiring communication at the service level of
the more capable ST. For example, one of the STs 123, 125
may need to be reconfigured in order to communicate with
compression disabled in order to allow communication with
an ST that does not Support compression. It is noted that the
capability is not necessarily a function of solely configuration
or software compatibility, but may also be a function of cur

rectional and valid only for the transmit ST to send packets to
the specified receive ST; thus, the packet transfer context may
be unique to a given pair of STS.
0055 FIG. 2 is a diagram of a transmitter configured to
operate in the systems of FIGS. 1A and 1B. As seen in FIG. 2,
a transmitter 200 is equipped with a channel encoder (e.g.,
LDPC encoder) 201 that accepts input from an information
Source and outputs coded stream of higher redundancy Suit
able for error correction processing at the receiver (as shown
in FIG.3). The information source generates k signals from a
discrete alphabet, X.
0056 Essentially, the encoder 201 generates signals from
alphabet Y to a channel scrambler 203, which scrambles the
alphabet. That is, the channel scrambler 203 pseudo-random
izes the code symbols. The scrambled signals are fed to a
modulator 205, which maps the encoded messages from
encoder 201 to signal waveforms that are transmitted to a
transmit antenna 207.

0057 The antenna 207 emits these waveforms over the
communication channel 103. Accordingly, the encoded mes
sages are modulated and distributed to a transmit antenna
207.

0058. The transmissions from the transmit antenna 207
propagate to a receiver, as discussed below.
0059. According to certain embodiments, the systems 100
and 120 of FIGS. 1A and 1B, respectively, are configured to
Support multiple access Schemes. Therefore, as mentioned
above, although certain embodiments are described with
respect to scramblers (for example scrambler 203 of FIG. 2
and scrambler 1703 of FIG. 17), however it is contemplated
that any convertor that can manipulate data streams and can
Support multi-user discrimination can be used (e.g., inter
leaver, randomizer, etc.).
0060. The LDPC 201 encoder systematically encodes an

input block of sizeki, i=(io, i..... ikidpc- ) onto a codeword
of size napes c-(io, i. • • • 3 is, -1 po Pl: . . Pul-e-1) The

transmission of the codeword starts in the given order form 1o
and ends withp,
1. For SCMA application, the relevant
code rate and block sizes for LDPC are given in Table 1.
TABLE 1

LDPC Code Parameters (nila, kill
Rate

Modulation

kidpc.

Iliaipe

1.9
1.15

QPSK
QPSK

400
400

3600
6OOO

rent traffic load.

0053 For each ST 123, 125, there exist some configura
tion information, including network configuration, network
service provider (NSP) configuration, software configura
tion, and user configuration, as indicated by the NOCC 127.
These configurations relate to the features that the ST 123,
125 supports and offers to the user, and have a direct bearing
on the transmission and reception capabilities.
0054) To facilitate the flow of data from one peer ST 123 to
another ST 125 of possibly different generations equipped
with different capabilities, a packet transfer context is
employed. Such a common feature set depends on the PDP
contexts of the two STs 123, 125; further, this common fea

ture set may also depend on the QoS of the flow, as well as the
loading and status of the two STs at that point of time. In an
exemplary embodiment, the packet transfer context is unidi

0061. The task of the LDPC encoder 201 is to determine

n-ki parity bits (pop. . . . . Png-ka- ) for every block
ofk information bits (io, i...., -: ). The procedure is

as follows. First the parity bits are initialized: popp ...
Pn-ki- =0. The first information bit, it is accumulated at
parity bit addresses specified in the first row of Table 3 or
Table 4. For example, for rate /6 (Table 3), the following
results:
P138o38Osilo

p2744 p2744 Pio

(All additions are in Galois Field 2 (GF(2))).
0062 For the next M-1 information bits, it m=1,2,...,
M-1 the information bits i are accumulated at parity bit
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addresses {x+m mod Mxq} mod(n-ki), where X

denotes the address of the parity bit accumulator correspond
ing to the firstbitio, and M and q are code dependent constants
specified in Table 2. Continuing with the example, M-50,
q=64 for the rate /6 code. So for example, for input biti, the
following operations are performed,
P1444P 4441

TABLE 5

Degree
Rate

2

1

1.9
1.15

3599
5999

1
1

I0068 According to an exemplary embodiment, for the n'
degree is 2 (for rate % code) and for the n” check node, the

0063 For the (M+1)' information bit i, the addresses of

check node, the degree is 3, if n mod 4-0, otherwise the

the parity bit accumulators are given in the second row of the
Table 3 (or Table 4). In a similar manner the addresses of the
parity bit accumulators for the following M-1 information
bits it m=M+1, M+2, . . . , 2M-1 are obtained using the

degree is 3, if n mod 7-0, otherwise the degree is 2 (for rate
/15 code). However, exception for both codes can include
check node degree be 2 for n=0.
0069 FIG. 3 is a diagram of a receiver configured to oper
ate in the systems of FIGS. 1A and 1B. At the receiving side,

formula {x+m modMxq} mod(n-ki), where X denotes

the address of the parity bit accumulator corresponding to the
information bit i, i.e., the entries in the second row of the
Table 3 (or Table 4).
0064. In a similar manner, for every group of M new
information bits, a new row from Tables 3 (or Table 4) is used
to find the addresses of the parity bit accumulators.
0065. After all of the information bits are exhausted, the
final parity bits are obtained as follows. The following opera
tions are sequentially performed, starting with i=1
pip,Dp, 1, i=1,2,..., npackapel

I0066 Final content ofp, i=0, 1,..., n-ki-1 is equal

to the parity bit p,

TABLE 2
Code Rate

M

C

1.9
1.15

50
1OO

64
56

TABLE 3

Address of Parity Bit Accumulators (Rate 1/9 N = 3600) (Encoder)
13802744
332 2984
2784 2624
92 S96
180 1160
464 1624
25561580
708 1008

TABLE 4

Address of Parity Bit Accumulators (Rate
1/15 N = 6000) (Encoder)
4788 4536
2849 2282
1750 2.947
1197 4151

0067. Further, Table 5 illustrates degree distributions ofbit
nodes and check nodes, according to an exemplary embodi
ment.

a receiver 300 includes an antenna 301 that receives the
waveforms emitted over the channel 103. The receiver 300

provides a demodulator 303 that performs demodulation of
the received signals. After demodulation, the received signals
are forwarded to a channel de-scrambler 305 to unscramble

the symbols. A decoder 307 then attempts to reconstruct the
original source messages. Exemplary embodiments corre
sponding to LDPC decoding are more fully described with
respect to FIGS. 10-12.
0070. It is contemplated that the above transmitter 200 and
receiver 300 can be deployed within a single wireless termi
nal, in which case a common antenna System can be shared.
The wireless terminal can for example be configured to oper
ate within a satellite communication, a cellular system, wire
less local area network (WLAN), etc.
0071 FIGS. 4A and 4B, are, respectively, a diagram of a
system capable of Supporting multiple transmitters using a
SDMA scheme employing low-rate LDPC codes, and a flow
chart of an associated Scrambling process, according to an
exemplary embodiment. For the purpose of illustration, a
communication system 400 Supports multiple terminals (i.e.,
users) configured with respective encoders 401a-401 in and
scramblers 403a–403n. In an exemplary embodiment, these
terminals can be the transmitter 200 and the receiver 300 of

FIGS. 2 and 3, respectively, operating in the satellite system
120 of FIG. 1B.

0072 By way of example, the system 400 provides a mul
tiple access scheme, such as SCMA, which achieves good
performance with relatively lower receiver complexity com
pared to CDMA (as the number of users that share the same
channel increases). With SCMA, each user sharing the trans
mission channel is separated by user specific and scramblers
403a–403n. Also, due to lack of spreading factor and more
efficient FEC coding, a fraction of a satellite transponder is
needed under the SCMA scheme, thereby lowering the oper
ating cost.
0073. By using low rate codes, the system 400 can achieve
greater power efficiency while spreading the spectrum,
whereas conventional CDMA does not. Additionally, SCMA
is different from another multiple access technique called
Interleave-Division Multiple Access (IDMA) which also
spreads with low-rate turbo-Hadamard codes but uses ran
dom interleavers as user signature. The turbo-Hadamard
codes are not straightforward to implement since they require
the decoding of Hadamard codes in addition to the decoding
of turbo-like codes. Also, all the users can utilize the same

scrambler hardware with different initial vector (also known
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as “seed’), instead of different interleaver design. Further,
using scrambling sequences as signatures is simpler than
random interleaver-based signatures.
0.074. In one embodiment, each of LDPC encoders 401a
401 in utilizes the same LDPC codes. The LDPC encoded

sequences are then fed to the respective user-specific scram
blers 403a–403n. The scrambled sequences are then transmit
ted over channel 405 to a receiver 300, which includes a joint
detector/interference canceller unit 407 that interacts with the

LDPC decoders 413a–413n to iteratively produce an estimate
of the received codewords. With each iteration, the LDPC

decoder 413a–413n produces a better estimate to the joint
detector/interference canceller 407 for achieving better can
cellation. The information exchanged between LDPC decod
ers 413a–413n and the joint detector/interference canceller
407 is scrambled or descrambled via scramblers 411a-411n

or de-scramblers 409a-409n, respectively. Once “good esti
mates of the decoded sequences are produced, they are output
from the LDPC decoders 413a–413n.

0075. Unlike conventional CDMA systems, the joint-de
tection/interference canceller 407 does not require all the
signals accessing the same spectrum at the same time to be of
equal power. In fact, the performance is better when the
signals are of different power level. Thus, no tight power
controls are needed. Also, due to joint-detection/interference
cancellation, the system 400 provides a scheme that is much
more robust against Rician fading, which makes it particu
larly more attractive for Small mobile terminals experiencing
Rician multipath fading.
0076. Therefore, the system 400, as a SCMA system using
low-rate FEC coding, requires less power to transmit data at
the same speed vis-a-vis a CDMA system. In one embodi
ment, the system 400 can be operated in a random access
manner and does not require reservation of time slots, which
minimize the delay to one satellite round trip. Additionally,
the system 400, as mentioned, does not require tight power
control, minimizing the coordination needed between trans
mitter 200 and receiver 300. By way of example, potential
applications will be for mobile or aeronautical terminals. It
may also have applications to enable direct broadcast satellite
(DBS) operators to provide return link over satellite via a
commercial satellite using existing antenna Systems.
0077. Each user encodes its data with, for example, a rate
1/n FEC, where n is an integer larger than 3. The coded bits are
then scrambled with a unique scrambling sequence and trans
mitted. The number of unique sequences are virtually unlim
ited with common sequence generators, such as the Gold
sequences. The same generator can generate all the
sequences, which are differentiated by the initial vector. It is
noted that other low rates can be utilized, m/n (e.g., less than
I/3).
0078. In an exemplary embodiment, the scrambling
sequence can be generated by selecting a pseudorandom
number sequence (e.g., Gold sequence) whose period is
greater than the code block. On the receiver side, the respec
tive user uses the corresponding de-scrambler and a rate 1/n.
decoder to retrieve its data. The signals are modulated by the
same type of modulation, e.g., QPSK, of the same bandwidth,
centered at the same frequency and transmitted at the same
time (e.g., similar to CDMA). Typically, for receivers located
in a hub of a star-shaped network, the antennas can be shared.
0079. The system 400 operates as follows. In step 421,
each terminal encodes data using the corresponding LDPC
encoder (e.g., 401a-401m). The encoded data is then
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scrambled by the respective scramblers 1... U (e.g., 403a
403n) and transmitted to the receiver 300, per steps 423 and
425. Next, the received signal is processed by the joint detec
tor/interference canceller 407 and undergoes descrambling
and re-scrambling, as in step 427. The descrambling and
re-scrambling is performed in conjunction with the decoding
process, which outputs decoded data (step 429).
0080 FIG. 5 is a flowchart of a process for joint detection/
interference cancellation in the system of FIG. 4A, according
to an exemplary embodiment. A key enabler for this commu
nication system 400 is the joint-detection/interference can
cellation receiver. This receiver 300 includes the descram
blers 409a-409m and the decoders 413a–413n as well as all the

signal estimators and interference reducers for each of the
individual signal paths. In addition, the receiver 300 includes
a buffer (not shown) to store a complete block of the compos
ite signal. The receiver 300 employs joint detection/estima
tion; it is contemplated that any joint-detection/estimation
technique may be used. In an exemplary embodiment, the
receiver 300 operates iteratively to output the bit streams
represented by the composite signal.
I0081. As seen in FIG. 5, in steps 501-507, once an entire
block of composite waveform is sampled and stored in the
buffer, the receiver 300 first uses the first descrambler (e.g.,
descrambler 409a) and a LDPC decoder (e.g., decoder 413a)
to estimate the first bit-stream. In step 509, the composite
signal is modified accordingly. In this example, only one pass
of the LDPC decoding is performed. The interference reducer
then operates on the stored waveform given the result of the
first pass decoding of the first signal. The receiver 300 then
uses the second descrambler (e.g., descrambler 409b) and
LDPC decoder (e.g., decoder 413.b) to estimate the second
bit-stream, and so on. When all the bit-streams have been

estimated once (as determined in step 511), the receiver 300
than returns to process the first bit-stream in a second pass.
I0082. When all the bit-streams have been processed for the
required number passes (steps 513-517), all the bit-streams
are completely estimated and decoded.
I0083. Alternatively, in another embodiment, all the paths
can be processed in-parallel for each pass; this approach may
entail more passes than the above process.
I0084. Signal estimation, via a demodulator (not shown),
plays an important role. In most applications of interest, this
demodulator must operate at very low signal-to-noise plus
interference ratio. In one embodiment, the demodulator is

aided by two features: Synchronization, and joint detection.
The initial synchronization involves use of a known pilot
symbol, which can be introduced using anyone of the tech
niques known in the art. For example, known pilot symbols
can be introduced by multiplexing them into the data stream,
or pilot symbols may be introduced by puncturing the
encoder output. Just as each scrambler 403a–403n employs a
different Scrambling signature, each may employ a different
pilot symbol pattern, thereby minimizing interference effects.
I0085. In one embodiment, the signals are transmitted in a
burst mode. Accordingly, the demodulator is configured to
detect the burstarrival times by using, for example, a “Unique
Word” pattern. It is recognized that any other well-known
techniques may be used for this purpose. The Unique Word
patterns of the various encoders may or may not be distinct.
I0086. With respect to joint detection, this process involves
iterative refinement of the demodulation. As the iteration

progresses, the demodulation is improved through two tech
niques. First, as interference is removed, the estimation of
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signal parameters (e.g., frequency, symbol timing, carrier
phase) is improved. Secondly, as more reliable estimates of
the data symbols become available from the LDPC decoders
413a–413n, these are used to improve the demodulator per
formance.

0087. In the return link, the combination of low-rate code
and SCMA allows the terminal to operate autonomously with
minimum coordination with the hub. Unlike conventional

CDMA, interference cancellation operates better when the
terminals are not operating at exactly the same power, tight
power control is in fact not desirable. The bandwidth expan
sion from the low-rate coding serves two purposes reduction
of emission spectral density from regulator standpoint; and
additional coding gain.
0088 FIG. 6 is a diagram of a scrambler, in accordance
with various exemplary embodiments. In this example, a
scrambler 601 receives a codeword (e.g., “0 0 1 0 1 0') and a
scrambling sequence (e.g., "1 0 1 0 1 1'). The scrambling
sequence (or signature) can be a Gold sequence or any pseu
dorandom number sequence. Gold codes exhibit a number of
characteristics. In addition to being simple to generate, these
sequences contain roughly an equal number of Zeros and
ones, and are approximately orthogonal when delayed or
shifted. Also, they are orthogonal to other codes. Gold
sequences can be generated using feedback shift registers,
whose outputs are added to produce the Gold codes. The
codeword and Scrambling sequence are combined by adder
603 to output a transmitted sequence (e.g., "1 00 001).
0089. As mentioned, use of scramblers (as opposed to
interleavers) reduces complexity. In a large system with
numerous users, it is difficult to deploy a large number of
interleavers that are prearranged between each pair of sender
and receiver, whereas a common scrambler with different

initial vector (also known as “seed') can be used for each pair
of sender and receiver. Such arrangement is Substantially
easier to implement.
0090. To appreciate the advantages offered by exemplary

regarding the value of that bit node based on the information
coming from other adjacent bit nodes. For instance, in the
above example if the sum of n, ns and ns "looks like 0 to m,
then m would indicate to n that the value of n is believed to
be 0 (since n+n+ns+ns 0); otherwise m indicate to n that
the value of n is believed to be 1. Additionally, for soft
decision decoding, a reliability measure can be added.
0094. From bit nodes to check nodes, each bit node relays
to an adjacent check node an estimate about its own value
based on the feedback coming from its other adjacent check
nodes. In the above example in has only two adjacent check
nodes m and m. If the feedback coming from m to n,
indicates that the value of n is probably 0, then n would
notify m that an estimate of n’s own value is 0. For the case
in which the bit node has more than two adjacent check nodes,
the bit node performs a majority vote (soft decision) on the
feedback coming from its other adjacent check nodes before
reporting that decision to the check node it communicates.
The above process is repeated until all bit nodes are consid
ered to be correct (i.e., all parity check equations are satisfied)
or until a predetermined maximum number of iterations is
reached, whereby a decoding failure is declared.
0.095 FIG.9 is a diagram of a sub-matrix of a sparse parity
check matrix, wherein the Sub-matrix contains parity check
values restricted to the lower triangular region, according to
an exemplary embodiment. The encoder 201 (of FIG. 2) can
employ a simple encoding technique by restricting the values
of the lower triangular area of the parity check matrix.
According to an exemplary embodiment, the restriction
imposed on the parity check matrix is of the form:
where B is lower triangular.
0096. Any information block i=(io, i,..., ii) is encoded
to a codeword C-(i.o. ii. . . . . i-1, pop . . . . p., -1) using

Hc=0, and recursively solving for parity bits; for example,

embodiments, it is instructive to examine how LDPC codes

aooio+aoli 1+...+ao is 1+po-O’Solve po,

are generated, as discussed in FIG. 7. FIG. 7 is a diagram of a
sparse parity check matrix, in accordance with an embodi
ment of the present invention. LDPC codes are long, linear

aloio+a11 ill--... +a1 is 1+biopoi-p1=OFSolve pi

block codes with sparse parity check matrix Hole. Typi

cally the block length, n, ranges from thousands to tens of
thousands of bits. For example, a parity check matrix for an
LDPC code of length n=8 and rate /2 is shown in FIG. 7. The
same code can be equivalently represented by the bipartite
graph, per FIG. 8.
0091 FIG. 8 is a diagram of a bipartite graph of an LDPC
code of the matrix of FIG. 7. Parity check equations imply
that for each check node, the sum (over GF (Galois Field)(2))
of all adjacent bit nodes is equal to Zero. As seen in FIG. 8, bit
nodes occupy the left side of the graph and are associated with
one or more check nodes, according to a predetermined rela
tionship. For example, corresponding to check node m, the
following expression exists n+n+n+ns 0 with respect to
the bit nodes.

0092. Returning to the receiver 300, the LDPC decoder
307 can be considered a message passing decoder, whereby

0097 and similarly for p. p. . . . . p.
(0098 FIG. 10 is a flow chart of the operation of the LDPC
decoder of FIG. 3, according to an exemplary embodiment.
The process 1000 of FIG. 10 is discussed with respect to
FIGS. 11A-11C, which are diagrams of interactions between
the check nodes and the bit nodes in the decoding process,
according to an exemplary embodiment. At step 1001, an
initialization is performed. In an exemplary embodiment, the
initialization of step 1001 is carried out before the first LDPC
decoderiteration only. The initialization, as further illustrated
in FIG. 11A, is achieved by assigning a-priori log-likelihood
information of every transmitted bit to all of the outgoing
edges of the corresponding bit node, as follows.
v, -u, n=0, 1,...,N-1, i=1,2,..., deg(bit node

n)

(0099 Here, v, denotes the message that goes from bit

communicate with each other. The nature of this communi
cation is described below.

node n to its adjacent check nodek, u, denotes the a-priori
log-likelihood for the bit n, and N is the codeword size.
0100. At step 1003 a check node, for example, check node
k, is updated, whereby the input v yields the output w. As
illustrated in FIG. 11B, incoming messages to the check node

0093. From check nodes to bit nodes, each check node
provides to an adjacent bit node an estimate ('opinion')

k from its d adjacent bit nodes are denoted by V, V,
.., V, -. The goal is to compute the outgoing messages

the decoder 307 aims to find the values of bit nodes. To

accomplish this task, bit nodes and check nodes iteratively
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from the check node k back to d adjacent bit nodes. These

messages are denoted by W - W - . . . . W.

computed as follows.

as is

0108. In the case that the parity check equations are not
satisfied and steps 1003-1007 are repeated, if no convergence
is achieved after pre-determined number of iterations, the
current output is given out and a decoding failure can be
declared.

10101. In practice, LUT () function is implemented using

a small look up table. Also it can be shown that the g(...)
function with multiple inputs can be recursively computed,
i.e.,
g('n-e 'n-sio
'n l-sion-sio
'n-)g
(g(ni-se 'a-sic . . . . a 1–sia . . . . 'na--). 'a-k)

0102. In an exemplary embodiment, for LDPC codes that
are applied to the SCMA system of FIGS. 1A and 1B, check
node degrees are either 2 or 3. This can greatly simplify the
check node arithmetic as follows:

0103) When check node degree is two:
i-san-sk
i-sna 1-sk

0104. When check node degree is three:

0109. Two general approaches exist to realize the inter
connections between check nodes and bit nodes: (1) a fully
parallel approach, and (2) a partially parallel approach. In
fully parallel architecture, all of the nodes and their intercon
nections are physically implemented. The advantage of this
architecture is speed.
0110. The fully parallel architecture, however, may
involve greater complexity in realizing all of the nodes and
their connections. Therefore withfully parallel architecture, a
Smaller block size may be required to reduce the complexity.
In that case, for the same clock frequency, a proportional
reduction in throughput and some degradation in FER versus
Es/No performance may result.
0111. The second approach to implementing LDPC codes
is to physically realize only a subset of the total number of the
nodes and use only these limited number of “physical nodes
to process all of the “functional nodes of the code. Even
though the LDPC decoder operations can be made extremely
simple and can be performed in parallel, the further challenge
in the design is how the communication is established
between “randomly’ distributed bit nodes and check nodes.
The decoder 307 (of FIG.3), according to one embodiment of
the present invention, addresses this problem by accessing
memory in a structured Way, as to realize a seemingly random
code. This approach is explained with respect to FIGS. 12A
and 12B.

0105. At steps 1005 and 1007, a bit node, for example, bit
node n, is updated and the aposteriori probability information
is outputted. The incoming messages to the bit noden from its

d, adjacent check nodes can be denoted by W. W. . . . .
, was illustrated in FIG.11C. The goal is to compute the

outgoing messages from the bit node n back to d adjacent
check nodes. The outgoing messages can be denoted by
W
W
, V, and can be computed as follows.
V, k = u + y wk in
iti

Also, a posteriori probability information is output

01.06
ted as

an = 4, +Xi w.e., n = 0, 1, 2 ... , N - 1
0107 At step 1009 it is determined whether all parity
check equations are satisfied. In one exemplary embodiment,
hard decision can be made based on the sign of a. If the parity
check equations are not satisfied, steps 1003-1007 are
repeated; otherwise the hard decision is outputted. In one
exemplary embodiment, the hard decision can be expressed
as follows.
r
C

0, a > 0

1, a < 0

Stop if Ha' = 0

0112 FIGS. 12A and 12B are diagrams of the top edge and
bottom edge, respectively, of memory organized to Support
structured access as to realize randomness in LDPC coding,
according to an exemplary embodiment. Structured access
can be achieved without compromising the performance of a
truly random code by focusing on the generation of the parity
check matrix. In general, a parity check matrix can be speci
fied by the connections of the check nodes with the bit nodes.
For example, the bit nodes can be divided into groups of a
fixed size, which for illustrative purposes is M. In one
example, Mis number of parallel computation engines. Addi
tionally, assuming the check nodes connected to the first bit
node of degree 3, for instance, are numbered as a, b and c, then
the check nodes connected to the second bit node are num

bered as a+p, b+p and c-p, the check nodes connected to the
third bit node are numbered as a+2p, b+2p and c--2p etc.;
where p=(number of check nodes)/M. For the next group of M
bit nodes, the check nodes connected to the first bit node are

different from a, b, c so that with a suitable choice of p, all the
check nodes have the same degree. A random search can be
performed over the free constants such that the resulting
LDPC code is cycle-4 and cycle-6 free. According to one
exemplary embodiment, because of the structural character
istics of the parity check matrix, the edge information can be
stored to permit concurrent access to a group of relevant edge
values during decoding.
0113. In other words, the approach of the present invention
facilitates memory access during check node and bit node
processing. The values of the edges in the bipartite graph can
be stored in a storage medium, Such as random access
memory (RAM). It is noted that for a truly random LDPC
code during check node and bit node processing, the values of
the edges would need to be accessed one by one in a random
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fashion. However, Such a conventional access scheme would

be too slow for a high data rate application. The RAM of
FIGS. 12A and 12B are organized in a manner, whereby a
large group of relevant edges can be fetched in one clock
cycle; accordingly, these values are placed “together in
memory, according to a predetermined scheme or arrange
ment. It is observed that, inactuality, even with a truly random
code, for a group of check nodes (and respectively bit nodes),
the relevant edges can be placed next to one another in RAM,
but then the relevant edges adjacent to a group of bit nodes
(respectively check nodes) will be randomly scattered in
RAM. Therefore, the “togetherness.” under the present inven
tion, stems from the design of the parity check matrices
themselves. That is, the check matrix design ensures that the
relevant edges for a group of bit nodes and check nodes are
simultaneously placed together in RAM.
0114. As illustrated in FIGS. 12A and 12B, each box con
tains the value of an edge, which is multiple bits (e.g., 8 bits).
Edge RAM, according to an exemplary embodiment, is con
ceptually divided into two parts, top edge RAM 1201 (FIG.
12A) and bottom edge RAM 1203 (FIG. 12B). Bottom edge
RAM 1203 contains the edges between parity bit nodes of
degree 2, for instance, (or 1 for one single bit node) and check
nodes. Top edge RAM 1201 contains the edges between
information bit nodes and check nodes. Therefore, according
to an exemplary embodiment, for every check node, 2 adja
cent edges are stored in the bottom RAM 1203, and the rest of
the edges are stored in the top edge RAM 1201. The size of the
top edge RAM 1201 and bottom edge RAM 1203 for various
code rates are given in Table 6.

0117. With the organization shown in FIGS. 12A and 12B,
speed of memory access is greatly enhanced during LDPC
coding.
0118 Tables 7 and 8 specify the row index and the starting
column index of top edge RAM 1201 for every group of M
information bit nodes, according to an exemplary embodi
ment. Each row in the tables represents a group of M bit
nodes. The first number denotes the row index and the second

number denotes the starting column index. For example in
Table 6, the first row can determine the addresses of adjacent
edges for the first group of 50 information bit nodes of degree
2.More precisely the entry 9/21 means that one adjacent edge
per bit node for all of the 50 bit nodes are stored in row
number 9. Moreover in that row, the column indexed 21

carries the information for the adjacent edge of the first bit
node, column indexed 22 carries the information for the adja
cent edge of the second bit node, etc., and finally column
indexed 20 carries the information for the adjacent edge of the

50” bit node. Similarly the entry 14/42 means that another

adjacent edge for all of the 50 bit nodes are stored in row
number 14. Moreover in that row, the column indexed 42

carries the information for the adjacent edge of the first bit
node, column indexed 43 carries the information for the adja
cent edge of the second bit node, etc., and finally column
indexed 41 carries the information for the adjacent edge of the

50" bit node. In exactly the same manner, the entries in the
second row of Table 7 can determine the addresses of the

adjacent edges for the second group of 50 bit nodes, etc.
TABLE 7

TABLE 6

Top Edge RAM
Bottom Edge RAM

1.9

1.15

16x SO
128 x 50

8 x 100
112 x 100

0115. In an exemplary embodiment, a group of M bit
nodes and M check nodes is processed at a time. In this
embodiment, M is equal to the number of columns in Table 6.
According to another exemplary embodiment, for M check
node processing, qd-2 consecutive rows from top edge
RAM 1201 and 2 consecutive rows from bottom edge RAM
1203 is accessed, which the value of d can depend on the
code rate. This exemplary embodiment can be employed in
digital video broadcasting—Satellite—second generation
(DVB-S2) and/or DSL+.
0116 Forbit node processing, if the group of Mbit nodes
are parity bit nodes, their edges are located in 2 consecutive
rows of the bottom edge RAM 1203. If the bit nodes are
information bit nodes with degreed, their edges are located
in some drows of the top edge RAM 1201. The address of
these drows can be stored in non-volatile memory, such as
Read-Only Memory (ROM). The edges in one of the rows
correspond to the first edges of M bit nodes, the edges in
another row correspond to the second edges of M bit nodes,
etc. Moreover for each row, the column index of the edge that
belongs to the first bit node in the group of M can also be
stored in ROM. The edges that correspond to the second,
third, etc. bit nodes follow the starting column index in a

“wrapped around” fashion. For example, if the j'edge in the

row belongs to the first bit node, then the (+1)st edge belongs
to the second bit node, (+2)nd edge belongs to the third bit

node,..., and (i-1)st edge belongs to the M' bit node.

Row Index/Starting Column Index (Rate 1/9 N = 3600) (Decoder)
921
3.S
8,43
7.1
13.2
4f7
15.39
1 11

14.f42
10.46
O.f41
59
2.18
6.25
11.24
12.15

TABLE 8

Row Index/Starting Column Index (Rate 1/15 N = 6000) (Decoder)
4,850,81
7; SO 6,40
2,315,52
3,21 1,74

0119 FIGS. 13 A-13D are diagrams of parity check
matrix, bipartite graph, top edge RAM, and bottom edge
RAM, respectively, to support structured access as to realize
randomness in LDPC coding, according to an exemplary
embodiment. This exemplary LDPC coding can be employed
for DVB-S2 and DSL+ codes for a rate of 2/3 and code length
of N=18.

I0120 FIG. 13A illustrates a sparse parity check matrix
1301 of an LDPC code, according to an exemplary embodi
ment and FIG. 13B illustrates the corresponding bipartite
graph 1303 of the LDPC code of the matrix 1301. In this
exemplary embodiment, all but one check node has degree
d=8 and M-3 nodes are processed in parallel. The arrange
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ment oftop edge RAM 1305 is illustrated in FIG. 13C and the
arrangement of bottom edge RAM 1307 is illustrated in FIG.
13D.

0121. In this exemplary embodiment, check nodes are par

titioned into groups of M-3 {0,2,4} and {1,3,5}. There is no

need to store the groups since the computation engines do not
care which nodes are processed. For the first group, d-2–6
adjacent edges are eo e e2es e4es, e12 elsea es else, 7, e24
eas e2e27 eas e29. All the above edges are stored in the first 6
rows oftop edge RAM 1305. Therefore, it is only needed that

those 6 rows be fetched. Moreover, in each row thei" element
belongs to the j" check node in the group. The remaining

employed in the SCMA system of FIGS. 1A and 1B for an
exemplary rate of 1/9 and code length of N=18.
I0129 FIG. 14A illustrates a sparse parity check matrix
1401 of an LDPC code, according to an exemplary embodi
ment and FIG. 14B illustrates the corresponding bipartite
graph 1403 of the LDPC code of the matrix 1401. In this

exemplary embodiment, for the n” check node, the degree is

3, if n mod 8-0, 2 or 5, otherwise, the degree is 2 (exception:
degree is 2 for n=0) and M=2 nodes are processed in parallel.
The arrangement oftop edge RAM 1405 is illustrated in FIG.
14C and the arrangement of bottom edge RAM 1407 is illus

adjacent edges are essess eao eas e44. These remaining edges
are stored in the first two rows of bottom edge RAM 1307.

trated in FIG. 14D.

structure exists for the other group of check nodes. Therefore,
as far as check node processing is concerned, there is no need
for any ROM storage. Simply, consecutive rows of edge
RAM's are accessed and within each row, it is known exactly
where to find the edge for aparticular check node in the group.
I0122. Also, bit nodes of degree d-2 are partitioned into

the computation engines do not care which nodes are pro
cessed. Therefore, check nodes 0 and 8 are processed
together, check nodes 1 and 9 are processed together, etc.

nodes in the first group have degree 3 and their adjacent edges
are eo e4 elo, e2e26 es, e. e., e24. All these edges can appear
in top edge RAM 1305, namely rows indexed 0, 2 and 7.
These row indices can be stored in ROM. Row 0 carries e. e.
e24 row 2 carries e era e26 and row 7 carries e7 e19 es.
Similar to the check node case, each row carries one adjacent
edge per bit node. On the other hand they might not be in
perfect order as in the case of check nodes. In other words the

fetched. Moreover, in each row, thei" element belongs to the
j" check node in the group. The remaining adjacent edges are

Similar to top edge RAM 1305 case, in each row, the j"
element belongs to the j" check node in the group. Similar

groups of M=3: {0,1,2}, {3,4,5}, {6,7,8}, {9,10,11. Bit

j" element in each row does not necessarily belong to the j"
node. However, as it was explained before, if the j" element
belongs to the first bit node, then (+1) element belongs to
the second bit, (i+2)" element belongs to the third bit node.
etc., and finally (i-1)' element belongs to the M'bit node (in
a barrel shifted manner). Therefore, all needed to be stored in
ROM is the index j of each row that belongs to the first bit
node in the group. In this example, it can be noticed that for
row indexed 0, eo belongs to the first bit node (hence.j=0); for
row indexed 2, ea belongs to the first bit node (hence.j=1) and
for row indexed 7, e, belongs to the first bit node (hence.j=1).
Therefore, the first part of our ROM table reads 0/02/17/1.
Going through the other groups in a similar manner, follow
ing ROM table can be obtained
0123 0/02/17/1
0.124 1/26/28/0
0.125 4/19/011/2
0126) 3/05/210/1
0127. Following with this example, bit nodes of degree

d=2 can be divided into the following groups: {12, 14, 16},
{13, 15, 17. It can be verified that adjacent edges of each
group occur in two consecutive rows of bottom edge RAM
1307 and moreover, in each row thei" element belongs to the

j' bit node in the group (except for the last group where j"

element of the bottom row and (+1) mod Melement of the top
row belong to the same bit node). Therefore, for this case too,
there is no need for ROM storage.
0128 FIGS. 14A-14D are diagrams of parity check
matrix, bipartite graph, top edge RAM, and bottom edge
RAM, respectively, to Support structured access as to realize
randomness in LDPC coding, according to another exem
plary embodiment. This exemplary LDPC coding can be

0.130. In this example, check nodes are partitioned into

groups of M-2, {0,8}, {19}, {2,10}, {3,11}, {4,12}, {5,13},
{6,14}, and 7.15}. There is no need to store the groups since

Groups {0,8}, {2,10 and 5.13 have one more edge in top
edge RAM 1405. For the first group of {0,8}, those adjacent
edges are eo and es and they are stored in the first row of top
edge RAM 1405. Therefore, only that one row needs to be

e e. e. which are stored in the first two rows of bottom
edge RAM 1407. Similar to top edge RAM 1405 case, in each

row thei" element belongs to thei" check node in the group.
For the next group of check nodes {19}, all the adjacent

edges are in the bottom edge RAM 1407, namely third and
forth row. Similar structure exists for the other group of check
nodes. Therefore, as far as check node processing is con
cerned, there is no need for any ROM storage. Simply, con
secutive rows of edge RAM's are accessed and within each
row, it is known exactly where to find the edge for a particular
check node in the group.
I0131 Bit nodes of degree d-2 are partitioned into groups

of M-2. In this example, there is only one group: {0,1}. They

have degree 3 and their adjacent edges are eo eles, ea es ea.
These edges can appear in top edge RAM 1405, namely rows
indexed 0, 1, and 2. These row indices are stored in ROM.

Row 0 carries eo es; row 1 carries e ea; row 2 carries e es.
Similar to the check node case, each row carries one adjacent
edge per bit node. On the other hand they are not in perfect

order as in the case of check nodes. In other words the j"
element in each row does not necessarily belong to the j'
node. However, as noted above, if the j" element belongs to
the first bit node, then (+1) element belongs to the second
bit, (i+2)' element belongs to the third bit node etc. and
finally (i-1)' element belongs to the M'bit node (in a barrel
shifted manner). Therefore, all needed to be stored in ROM is
the index of each row that belongs to the first bit node in the
group. In the above example, for row indexed 0, eo belongs to
the first bit node (hence j=0); for row indexed 1, e belongs to
the first bit node (hence j=0), and for row indexed 2, es
belongs to the first bit node (hence j=1). Therefore the ROM
table reads 0/01/02/1.

(0132 Bit nodes of degree d-2 can be divided into the

following groups: {2,10}, {3,11}, {4,12}, {5,13}, {6,14},
{7.15}, {8,16}, and 9.17. It can be verified that adjacent

edges of each group occur in two consecutive rows of bottom

edge RAM 1407 and moreover, in each row the j" element
belongs to the j" bit node in the group (except for the last
group where j" element of the bottom row and (i+1) mod M
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element of the top row belong to the same bit node). Therefore
for this case too, there is no need for ROM storage.
0.133 According to certain embodiments, a scrambled
coded multiple access (SSCMA) scheme is utilized. The
exemplary embodiments discussed below can employ vari
ous coding schemes Such as low rate turbo codes, low density
parity check (LDPC) codes (for instance, LDPC codes dis
cussed earlier), etc.
0134 FIG. 15, along with FIGS. 1A and 1B, are commu
nications systems capable of providing a spread scrambled
coded multiple access (SSCMA) scheme, according to vari
ous exemplary embodiments. According to certain embodi
ments, communication system 1500 of FIG. 15, which is
capable of providing the SSCMA scheme, may be configured
to Support low power, long battery-life, and low duty-factor
user terminals, data collection platforms, and/or Supervisory
control and data acquisition (SCADA) services. A variety of
services may be provided by communication system 1500
that can include, but not limited to, (a) monitoring and report
ing of utility meter readings for electricity, oil, gas, and/or
chemical storage tanks; (b) monitoring and reporting of flow,
temperature, pressure, leakage, corrosion, and/or cathodic
protection for oil and gas pipelines; (c) monitoring and con
trol of remote Voltage regulators, capacitors, valves, compres
sors, and/or Substations for chemical plants; (d) monitoring
and tracking of vehicles, trucks, trailers, containers, cargos,
barges, ships, trains, hazardous materials, and/or movements
of special targets of interest (including personnel and wild
life); (e) diagnostic monitoring of the operating conditions of
vehicles, tanker fleets, trailers, barges, and/or ships, including
temperature alarms, open doors, full/empty conditions,
engine hours, fuel levels, miles driven, and/or engine diag
nostics, etc.; and (f) monitoring and reporting of meteorologi
cal and environmental data, including, but not limited to, air
temperature, pressure, precipitation, and quality; water tem
perature, flow, and/or level; and readings of rain gauge, light
ening and fire detectors, avalanche monitors, buoys, balloons,
iceberg movements, etc.
0135 Key characteristics of these types of services pro
vided by communication system 1500 using SSCMA scheme
can include low data rate (e.g., around 100S bps), low duty
factor (a few times monthly, weekly, daily, and/or event
driven), and geographically dispersed using unattended and
battery operated user terminals. It is important to minimize
cost and to maximize battery life of these user terminals as
well as to maximize channel throughput in order to make
these services economically viable.
0136. Moreover, communication system 1500, by
employing SSCMA scheme, can advantageously provide a
frame for transmission of high speed data from user terminals
to comply with any set requirements or regulations relating
to, for example, mitigating off-axis EIRP density limit using,
for example, spectral spreading of transmitted data. Accord
ing to one exemplary embodiment, SSCMA can be employed
for communication of user terminals over an existing C-, X-,
Ku-, or Ka band transponder of a geosynchronous Fixed
Service Satellite (FSS) satellite for, for example, satellite-on
the-move (SOTM) applications. Since significant amount of
EIRP from terminals might be needed for uplink closure and
user terminals can have small apertures, utilizing SSCMA
scheme can moderate off-axis EIRP density to ensure no
limits are exceed.

0.137 The SSCMA scheme employed by communication
system 1500 can advantageously utilize scrambled coded
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multiple access Scheme, low rate forward error correction
(FEC) coding, and spectral spreading to achieve, at least, both
power and bandwidth efficiency. Therefore, not only low
power and long battery life user terminals can be used in
providing viable data collection and SCADA services and
channel throughput can be maximized, but also power density
issues can be mitigated. In one exemplary embodiment,
SSCMA scheme can be configured to spread the radiated
power spectral density by a factor of F/R versus un-coded
modulation waveform, where F is spreading factor and R is
FEC code rate. Thus, if a low rate coding of R/F is used,
whereby Ris equal to 1/n, then the composite code rate would
yield 1/(nF).
0.138. As noted, channel of system 1500 (such as channel
103 of system 100) can be a noise channel. To combat this
noise channel, coding is utilized. For example, forward error
correction (FEC) codes can be employed. Forward error cor
rection (FEC) is required in terrestrial and satellite systems to
provide high quality communication over a radio frequency
(RF) propagation channel, which induces signal waveform
and spectrum distortions, including signal attenuation
(freespace propagation loss) and multi-path induced fading.
These impairments drive the design of the radio transmission
and receiver equipment; exemplary design objectives include
selecting modulation formats, error control schemes,
demodulation and decoding techniques and hardware com
ponents that together provide an efficient balance between
system performance and implementation complexity. Differ
ences in propagation channel characteristics, such as between
terrestrial and satellite communication channels, can result in

significantly different system designs. Likewise, existing
communication systems continue to evolve in order to satisfy
increased system requirements for new higher rate or higher
fidelity communication services.
0.139 Code rate is an important factor that has a significant
effect on the error performance of the code. The choice of
which code rate to operate, in turn, depends on the SNR of the
environment in which the codes will be deployed. Typically,
low SNR environments require the use of low code rates (i.e.,
more redundancy), whereas high SNR environments can
enable the utilization of higher code rates. Hence, there is a
continual challenge to devise codes that edge closer to the
theoretical bound (i.e., Shannon limit), while minimizing
complexity.
0140. In an exemplary embodiment, the communication
system 1500 can use employ LDPC codes (such as LDPC
codes discussed above) as the low rate coding scheme.
Although certain embodiments are described with respect to
LDPC codes, it is contemplated that these embodiments have
applicability to low-rate codes in general (e.g., low-rate turbo
codes).
0141 Satellite communication system 1500 includes a
satellite 1501 that Supports communication among multiple
satellite terminals (STs) 1503, 1505, user terminals (UTs)
1507, 1509, and hub 1511. The hub 1511 may assume the role
of a Network Operations Control Center (NOCC), which
controls the access of the terminals (such as STs and/or UTs
1503, 1505, 1507, and/or 1509) to the network 1500 and also
provides element management functions and control of the
address resolution and resource management functionality.
The satellite 1501, in an exemplary embodiment, operates as
a packet Switch (e.g., at a data link layer) that provides direct
unicast and multicast communication among the terminals
(STs and/or UTs) 1503, 1505, 1507, 1509 and the hub 1511.
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The STs 1503, 1505 may provide connectivity to one or more
hosts 133 and 135, respectively.
0142. According to an exemplary embodiment, one or
more STs can Support one or more data collection platforms
and/or SCADA systems. As illustrated in the exemplary FIG.
1500, the ST 1505 can support the data collection platform
1517. Additionally or alternatively, the data collection plat
form 1517 can operate independently from the ST 1505. In
certain embodiments, the terminals (STs and/or UTs 1503,
1505, 1507, and/or 1509) can below power, long battery life,
and low duty factor terminals, which can be geographically
dispersed and can communicate based on low data rates and
low duty factors. Further, the terminals (STs and/or UTs
1503, 1505, 1507, and/or 1509) can be fixed or mobile termi
nals. Also, the terminals (STs and/or UTs 1503, 1505, 1507,
and/or 1509) may be transmit-only terminals and/or have full
duplex capabilities. In one example, the terminals (STs and/or
UTs 1503, 1505, 1507, and/or 1509) may have global navi
gation satellite system (GNSS) (e.g., global positioning sys
tem (GPS)) receiving capabilities. Data transmission for
transmit-only terminals can be triggered by an event (e.g., an
event detected at a sensor) and/or be pre-scheduled at initial
install, for example, using GPS time. Also, data transmission
for duplex terminals can be triggered by an event, can be
scheduled by configuration, and/or be commanded by the hub
1511 on an as needed basis.

0143 FIGS. 16A and 16B are ladder diagrams of pro
cesses for terminal data transmission, according to various
exemplary embodiments. FIG. 16A illustrates concept of
operation for a simplex terminal (such as one or more of ST
and/or UT 1503, 1505, 1507, and/or 1509). In one exemplary
embodiment, the terminal is in a sleep mode (or “inactive'
state). A triggering event 1601 occurs. The triggering event
can include, but not limited to, a triggering event generated by
a sensor and/or an event pre-scheduled at initial install of the
terminal. However, it is contemplated that other triggering
events can be used. The terminal exits the sleep mode at step
1603 based on the triggering event 1601 and can receive the
GPS information 1605 from a GPS satellite. As noted before,

GPS satellite is used as an example, however, any global
navigation satellite system can be employed. The terminal
can use the received GPS information to, for example, disci
pline its oscillator(s), update its clock timing, warm up its
electronics, etc. Further, the terminal can transmit its trans

mission data (such as sensor collected data) to, for example,
hub 1511 through the satellite 1501 of FIG. 1B. In this exem
plary embodiment, the communication path from the termi
nal (such as ST and/or UT 1503, 1505, 1507, and/or 1509) to
hub 1511 through the satellite 1501 of FIG. 15 can be called
the return path.
014.4 FIG. 16B illustrates concept of operation for a full
duplex terminal (such as one or more of ST and/or UT 1503,
1505, 1507, and/or 1509). As noted, in an exemplary embodi
ment, the terminal can be in sleep mode. A triggering event
1621 can occur and the terminal can transition out from the

sleep mode 1623. Further, the terminal receives GPS infor
mation 1625 from the GPS satellite and updates its clock,
oscillator(s), etc. 1627. The duplex terminal can receive con
trol message(s) 1629 from, for example, hub 1511 through
satellite 1501 of FIG. 15. In one exemplary embodiment,
control message(s) 1629 can include configuration informa
tion, including network configuration, network service pro
vider (NSP) configuration, Software configuration, user con
figuration, etc. The terminal can perform forward path

reception including, but not limited to, Doppler tracking,
phase and timing synchronization, demodulation, decoding,
etc. Forward path can include communication path from, for
example, hub 1511 of FIG. 16B to the terminal through sat
ellite 1501.

0145 After the control message(s) is received from, for
example, hub 1511 and the forward path reception 1631 is
performed, the terminal can transmit its transmission data
(such as sensor collected data) to, for example, hub 1511.
0146 FIG. 17 is a diagram of a transmitter, according to an
exemplary embodiment, configured to operate in the system
of FIG. 15. In one exemplary embodiment, transmitter 1700
can be employed in a terminal (such as ST and/or UT 1503,
1505, 1507, and/or 1509). As noted, one key driver for suc
cess of data collection and/or SCADA services is hinged upon
availability of terminals that are low cost and have long bat
tery life.
0147 As seen in FIG. 17, a transmitter 1700 can be
equipped with a channel encoder (e.g., LDPC, turbo encoder,
etc.) 1701 that accepts input from an information source and
outputs coded stream of higher redundancy Suitable for error
correction processing at the receiver (as shown in FIG. 18).
The information Source generates k signals from a discrete
alphabet, X. The channel encoder 1701 may utilize a low rate
encoding scheme. LDPC codes and/or Low rate turbo codes
can be used to minimize required energy-per-information bit
over noise density (Eb/No) for achieving a desired packet
error rate (PER). According to certain embodiments, the
encoder 1701 can use LDPC encoding schemes as discussed
earlier, for example, in accordance with encoder 201 of FIG.
2

0148 Essentially, the encoder 1701 generates signals
from alphabet Y to a channel scrambler 1703, which
scrambles the alphabet. That is, the channel scrambler 1703
pseudo-randomizes the code symbols. Terminals (and/or
users of the terminals) can be distinguished by their distinct
scrambler patterns. The scrambled signals are fed to a modu
lator 1705, which maps the encoded messages from encoder
1701 to modulated signal waveforms that are fed to a spreader
1707. In one exemplary embodiment, constant envelope
Quadrature Phase Shift Keying (QPSK) modulation can be
used that can allow Saturation radio frequency amplification
without loosing power efficiency. However, it is contem
plated that other modulation schemes can also be employed
by the modulator 1705.
014.9 The spreader 1707 can match the modulated signal
waveforms to a given channel bandwidth by spectral spread
ing by a factor of F (e.g., F-4, 16, etc.). According to certain
embodiments, the spreader 1707 expands the modulated sig
nal waveform to match a channel bandwidth of 31.25X kHz.

The spread modulated signal waveform is further transmitted
to a transmit antenna 1707.

0150. The spreader 1707 can employ spread spectrum
techniques in order to spread, in frequency domain, energy
and/or power generated in a particular bandwidth to result a
signal with a wider bandwidth. Spectral spreading can result
in limiting power flux density, a secure communication link,
preventing detection, resistance to interference and/or jam
ming, etc. Spreader 1707 can employ frequency hopping,
direct sequence, or a hybrid of these to spread the modulated
signal waveform. However, other spreading techniques such
as time-hopping spread spectrum (THSS) and/or chirp spread
spectrum (CSS) can be employed.
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0151. The antenna 1709 emits these waveforms over the
communication channel (Such as communication channel
103 of FIG. 1A). Accordingly, the encoded messages are
scrambled, modulated, spread, and distributed to a transmit
antenna 1709. The transmissions from the transmit antenna

1709 propagate to a receiver, as discussed with respect to FIG.
18.

0152. In addition to the above-noted components, trans
mitter 1700 can include additional modules. For example,
transmitter 1700 can insert properly designed unique words
(UW) symbols and pilot symbols to ensure burst synchroni
Zation at low energy per chip over noise density (EcfNo).
Therefore, the transmitted signals can be distinguished based
on their distinct scrambler patterns and UW symbols. UW
symbols can be employed to facilitate burst and symbol tim
ing synchronization. Also, pilot symbols, which can be
inserted evenly across a packet payload, can be employed to
assist carrier phase synchronization under low available
Eb/No. In one exemplary embodiment, associated with the
spreading factor F, a factor of F longer UW symbol in terms
of chips may be used in order to provide Sufficient signal to
noise for UW detection. Also, additional electronic serial

number (SEN) can be included in the transmitted signal for
identification purposes. (Specific UW symbols of good auto
and cross correlation properties can be generated by using the
method proposed by A. Roger Hammons, Jr. and P. Vijay
Kumar, “On a Recent 4-Phase Sequence Design for CDMA.”
IEEE Trans. on Comm. Vol. E76-B, No. 8, August 1993, pp.
804-813, which is incorporated in its entirety).
0153. According to one exemplary embodiment, hub 1511
of FIG. 15 can transmit waveform signals (that can include,
for example, SCADA signal) over each beam at the same
frequency channel (for example 31.25X kHz channel) for
duplex terminals. This can eliminate requirement of having
frequency synthesizer in each terminal. Individual burst can
be employed for different terminals, since respective channel
conditions may vary and forward path power control may be
employed to minimize required satellite power. Additionally
or alternatively, different UW symbols may be employed for
different Surrounding beam consistent with beam frequency
reuse pattern in order to mitigate effects of co-channel inter
ference (CCI) in UW detection and also to minimize false
detection probability. In one example, UW identification to
beam assignment can be fixed and can be configured during
initial install of a terminal (for example, based on GPS posi
tion), however, it may be changed as it traverses to another
beam. UW symbols can be used to facilitate synchronizations
at a receiving terminal. Additionally, hub 1511 of FIG. 15 can
insert pilot symbols in transmitted waveform signals to assist
carrier phase synchronization.
0154). Additionally, for example, for hub 1511, M-times
data repetition (e.g., M-3) can be employed to ensure link
closure for some terminals located in Some adverse channel

environments. According to certain embodiment, transmitter
employed in hub 1511 can include a multiplexer (not shown)
in order to multiplex all forward path waveform signals. In
one example, the multiplexer (not shown) can multiplex the
forward path waveform signals in time division multiplex
(TDM) for transmission over the channel at a nominal symbol
rate. The multiplexed waveform signals are transmitted to
terminals (such as ST and/or UT 1503, 1505, 1507, and/or
1509) through the forward path.
0155 According to one embodiment, SSCMA provides a
capability to realize synchronous and asynchronous multi

plexing and multiple accessing by a multiplicity of user sig
nals over a wireline, or wireless channel (e.g., including sat
ellite links).
0156 FIG. 18 is a diagram of a receiver configured to
operate in the systems of FIG. 15. At the receiving side, a
receiver 1800 includes an antenna 1801 that receives the
waveforms emitted over the communication channel. The

receiver 1800 provides a de-spreader 1803 that de-spreads the
received signals. Further, the receiver 1800 employs a
demodulator 1805 that performs demodulation of the de
spread received signals. After demodulation, the received
signals are forwarded to a channel de-scrambler 1807 to
unscramble the symbols. A decoder 1809 then attempts to
reconstruct the original source messages.
(O157. It is contemplated that the above transmitter 1700
and receiver 1800 can be deployed in within a single wireless
terminal, in which case a common antenna system can be
shared. The wireless terminal can for example be configured
to operate within a satellite communication, a cellular system,
wireless local area network (WLAN), etc.
0158. According to certain embodiments, receiver 1800,
which can be employed in a terminal (such as ST and/or UT
1503, 1505, 1507, and/or 1509), can include additional com
ponents and/or modules. For example, receiver 1800 can be
configured to examine a packet header of the received signal
to determine whether the received signal is intended for this
terminal. In this exemplary embodiment, received signals can
be acquired and synchronized (for example, based on UW
symbols and/or pilots symbols) in time, frequency, and carrier
phase for demodulation. Further, a packet header of the
received signal can be decoded to extract information on
packet length, FEC code rate, destination terminal address,
source hub, etc. If destination address matches with the

receiving terminal's address, iterative decoding (as will be
discussed later) of a payload of the received signal may be
employed (using, for example, signal length and code rate as
identified in the header). Otherwise, the terminal may skip the
signal and wait for the next received signal. Therefore, termi
nals will not waste their limited battery power on processing
unnecessary data.
0159 FIG. 19 is a flowchart of a process of transmission
and reception using a SSCMA scheme employing low rate
FEC (such as LDPC, low rate turbo codes, etc.), according to
an exemplary embodiment. In one embodiment, process 1900
can be employed using transmitter 1700 and receiver 1800.
Additionally or alternatively, process 1900 can be performed
by multiple transmitters, as explained later with respect to
FIGS. 20 and 21.

0160. In the exemplary embodiment of process 1900, each
terminal (if multiple terminals are employed) encodes data
using corresponding encoder (e.g., 1701 of FIG. 17), at step
1901. At step 1903, the encoded data is the scrambled using
scrambler associated with the user (e.g., 1703 of FIG. 17).
The scrambled data is further modulated at step 1905 and the
modulated data is spread at step 1907, for example, to match
the modulated signal to a given channel bandwidth. At step
1909, the spread signal is then transmitted to a receiver, such
as receiver 1800.

(0161. At steps 1911 and 1913, the received signal is first
de-spread and demodulated. The demodulated signal is fur
ther de-scrambled at step 1915. As will be discussed in more
detail with respect to FIGS. 20 and 21, the received signal can
undergo de-scrambling and re-scrambling in step 1915. The
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de-scrambling and re-scrambling is performed in conjunction
with the decoding process, which outputs decoded data (step
1917).
0162 FIG. 20 is a diagram of a system capable of support
ing multiple transmitters using a SSCMA scheme employing
low rate FEC, according to an exemplary embodiment. For
the purposes of illustration, a communication system 2000
Supports multiple terminals (i.e., users) configured with
respective encoders 2001a-601n, scramblers 2003a-2003n,
and spreaders 2005a-2005n. In an exemplary embodiment,
these terminals can be the transmitter 1700 and the receiver

1800 of FIGS. 17 and 18, respectively, operating in the sat
ellite system 1500 of FIG. 15, for example, employed in the
return path (from terminals to the hub through satellite). In
this exemplary embodiment, return path transmission may be
performed by terminals (such as ST and/or UT 1503, 1505,
1507, and/or 1509) and the return path reception can be
performed by hub 1511.
0163. By way of example, the system 2000 provides a
multiple access scheme, such as SSCMA, which achieves
good performance with relatively lower receiver complexity
compared to CDMA (as the number of users that share the
same channel increases). With SSCMA, each user sharing the
transmission channel is separated by user specific scramblers
2003a-2003n. Also, due to use of low rate encoding, addi
tional coding gain can be achieved under SSCMA scheme.
0164. By using low rate codes, the system 2000 can
achieve greater power efficiency while spreading the spec
trum, whereas conventional CDMA does not. Moreover, by
employing low rate codes in addition with spectrum-spread
techniques by the SSCMA scheme, channel capacity over a
given bandwidth subject to a total aggregate power limitation
also far exceeds that of a CDMA. Additionally, SSCMA is
different from another multiple access technique called Inter
leave-Division Multiple Access (IDMA), which spreads with
low-rate turbo-Hadamard codes but uses random interleavers

as user signature. The turbo-Hadamard codes are not straight
forward to implement since they require the decoding of
Hadamard codes in addition to the decoding of turbo-like

scramblers 2013a-2013n or de-scramblers 2011a-2011n,

respectively. Once “good estimates of the decoded
sequences are produced, they are output from the decoders
2015-2015.

0166 In one exemplary embodiment, the receiver 1800, as
illustrated in FIG. 20, can include a ground based beam form
ing (GBBF not shown), for example, before joint detector/
interference canceller/despreader 2009 for processing by
beams and by channels. The desired output of the desired
channel (for example, 31.25X kHz channel) can be further
processed, as noted above. According to certain embodi
ments, joint detector/interference canceller/despreader 2009
can, for each terminal, perform UW detection, chip timing
recovery, de-spreading, carrier phase synchronization (for
example, in presence of frequency error and multipath fades),
etc

0.167 Unlike conventional CDMA systems, joint detector/
interference canceller/despreader 2009 does not require all
the signals accessing the same spectrum at the same time to be
of equal power. In fact, the performance is better when the
signals are of different power level. Thus, no tight power
controls are needed. Also due to joint-detection/interference
cancellation, the system 2000 provides a scheme that is much
more robust against Rician fading, which makes it particu
larly more attractive for Small mobile terminals experiencing
Rician multipath fading.
(0168 Therefore, the system 2000, as a SSCMA system
using low-rate FEC coding, requires less power to transmit

data at the same speed vis-a-vis a CDMA system. In one
embodiment, the system 2000 can be operated in a random
access manner and does not require reservation of time slots,
which minimize delay to one satellite round trip. Addition
ally, the system 2000, as mentioned, does not require tight
power control, and thus, minimize the coordination needed
between transmitter 1700 and receiver 1800. By way of
example, potential applications can be for mobile or aeronau
tical terminals. It may also have applications to enable direct
broadcast satellite (DBS) operators to provide return link over
satellite via a commercial satellite using existing antenna

codes. Also, all the users can utilize the same scrambler

systems.

hardware with different initial vector (also known as “seed'),
instead of different interleaver design. Further, using scram
bling sequences as signatures is simpler than random inter
leaver-based signatures.
0165. In one embodiment, encoders 2001a-2001 in can
include LDPC encoders. The LDPC encoded sequences are
then fed to the respective user-specific scramblers 2003a
2003n. The scrambled sequences are then modulated and fed
to spreaders 2005a-2005n. Spreaders 2005a-2005n may per
form spectral spreading on their respective modulated wave
form signals to be expanded to match a channel bandwidth
(for example, of 31.25X kHz). Waveform signals output of
spreaders 2005a-2005n are then transmitted over channel
2007 to a receiver, for example, receiver 1800, which includes
a joint detector/interference canceller/despreader unit 2009

0169. Each terminal (or user) can encode its data with, for
example, a rate 1/n. FEC, where n is an integer larger than 3.
The coded bits are then scrambled with a unique scrambling
sequence, modulated, spread, and transmitted. Number of
unique sequences is virtually unlimited with common
sequence generators, such as the Gold sequences. The same
generator can generate all the sequences, which are differen
tiated by the initial vector. It is noted that other low rates can
be utilized, m?n (e.g., less than /3). In an exemplary embodi
ment, the scrambling sequence can be generated by selecting
a pseudorandom number sequence (e.g., Gold sequence)
whose period is greater than the code block. On the receiver
side, the respective terminal uses the corresponding demodu
lator, despreader, de-scrambler, and a rate 1/n decoder to
retrieve its data. The signals are modulated by the same type

that interacts with the de-scramblers 2011a-2011n, scram

blers 2013a–2013n, and decoders 2015a-2015m to iteratively
produce an estimate of the received codewords. With each
iteration, the decoder 2015a-2015n (which can include an
LDPC decoder) produces a better estimate to the joint detec
tor/interference canceller/despreader 2009 for achieving bet
ter cancellation. The information exchanged between decod
ers 2015a-2015n and the joint detector/interference
canceller/despreader 2009 is scrambled or descrambled via

of modulation of the same bandwidth, centered at the same

frequency and transmitted at the same time (e.g., similar to
CDMA). Typically, for receivers located in a hub of a star
shaped network, the antennas can be shared.
(0170 FIGS. 21A and 21B are, respectively, a functional
diagram and a flowchart for joint detection/interference can
cellation in the system of FIG. 20, according to an exemplary
embodiment. A key enabler for this communication system
2000 is the joint-detection/interference cancellation receiver.
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This receiver 1800 includes the descramblers 2011a-2011n

and the decoders 2015a-2015n as well as all the signal esti
mators and interference reducers for each of the individual

signal paths. In addition, the receiver 1800 includes a buffer
(not shown) to store a complete block of the composite signal.
The receiver 1800 employs joint detection/estimation; it is
contemplated that any joint-detection/estimation technique
may be used. In an exemplary embodiment, the receiver 1800
operates iteratively to output the bit streams represented by
the composite signal.
0171 In one exemplary embodiment, the iterative func
tional diagram 2100 receives the composite signal and can
cels interferences at block 2101. In one example, known
interfering signals (e.g., bursts) are cancelled from the com
posite signal except the user signal of interest. In the exem
plary embodiment of FIG. 21A, signal associated to user J
may be cancelled from the composite signal at block 2101. A
cleaned up composite signal, for example without user J's
signal, undergoes UW detection, at block 2103. In one exem
plary embodiment, the UW detection can be performed for a
specific user (such as user K as illustrated). Additionally or
alternatively, UW detection can include a correlation process
to detect a strongest UW symbol in presence of user link
Doppler, residual frequency errors, multipath fading, etc.
Upon UW detection at block 2103, chip timing recovery,
de-spreading, carrier phase synchronization, demodulation,
and decoding of the desired signal may be performed at steps
2105-2109. In one exemplary embodiment, decoding can
include any iterative decoding to the demodulated signal. For
example, the decoding can include the LDPC decoding as
discussed before, for instance in accordance with FIGS.
10-14.

0172 Next, at block 2111, the decoded data is employed to
re-encode, re-insert UW and pilot symbols, re-modulate, and
re-spread to create a “cleaned-up' copy of the desired user
signal. In the exemplary embodiment of FIG. 21A, the
"cleaned up' copy of signal associated with user K can be
input for interference cancellation block 2113 for a similar
process performed at steps 2115-2123 to create a “cleaned
up' signal associated with user J. According to certain
embodiments, the iterative process 2100 can continue to cre
ate "cleaner” version of decoded data for each user. In one

example, higheriteration of detection/estimation process can
be carried out without UW detection but including minor
timing adjustment signal timing estimate based on the finer
symbol timing estimates. Such iterative process of 2100 can
repeat until all user signals are processed. In one exemplary
embodiment, after all user signals are processed, decoders, at
blocks 2109 and 2121, output the decoded data, such as
decoded user K data and decoded user J data.

0173 As noted, SSCMA algorithm is not sensitive to large
disparity of user signal strength, unlike the conventional
CDMA signal reception where large disparity of signal can
result in strong self interference and induce undesirable near
far problem. In contrast, large signal disparity can improve
the SSCMA detection performance due to the fact that stron
ger signal can result in better initial signal detection thereby
yielding better interference cancellation. Therefore, unlike
CDMA, no return path power control is required.
(0174 FIG.21B illustrates a flowchart for joint detection/
interference cancellation in the system of FIG. 20, according
to another exemplary embodiment. As seen in FIG. 21B, in
steps 2141-2147, once an entire block of composite wave
form is de-spread, demodulated, sampled, and stored in the

buffer, the receiver 1800 first uses the first descrambler (e.g.,
descrambler 2011a) and a decoder (e.g., decoder 2015a) to
estimate the first bit-stream. In one example, decoders 2015a
2015n can include LDPC decoders, as discussed above. In

step 2149, the composite signal is modified accordingly. In
this example, only one pass of the decoding is performed. The
interference reducer then operates on the stored waveform
given the result of the first pass decoding of the first signal.
The receiver 1800 then uses the second descrambler (e.g.,
descrambler 2011b) and decoder (e.g., decoder 2015b) to
estimate the second bit-stream, and so on. When all the bit

streams have been estimated once (as determined in step
2151), the receiver 1800 than returns to process the first
bit-stream in a second pass.
(0175 When all the bit-streams have been processed for the
required number passes (steps 2153-2157), all the bit-streams
are completely estimated and decoded.
0176 Alternatively, in another embodiment, all the paths
can be processed in-parallel for each pass; this approach may
entail more passes than the above process.
0177 Signal estimation, via a demodulator (not shown),
plays an important role. In most applications of interest, this
demodulator must operate at very low signal-to-noise plus
interference ratio. In one embodiment, the demodulator is

aided by two features: Synchronization, and joint detection.
The initial synchronization involves use of a known pilot,
which can be introduced using anyone of the techniques
known in the art. For example, known pilot symbols can be
introduced by multiplexing them into the data stream, or pilot
symbols may be introduced by puncturing the encoder output.
Just as each scrambler 2003a-2003n employs a different
scrambling signature, each may employ a different pilot sym
bol pattern, thereby minimizing interference effects.
0.178 With respect to joint detection, this process involves
iterative refinement of the demodulation. As the iteration

progresses, the demodulation is improved through two tech
niques. First, as interference is removed, the estimation of
signal parameters (e.g., frequency, symbol timing, carrier
phase) is improved. Secondly, as more reliable estimates of
the data symbols become available from the decoders 2015a
2015n, these are used to improve the demodulator perfor
aCC.

0179. In one embodiment, the signals are transmitted in a
burst mode. Accordingly, the demodulator is configured to
detect the burstarrival times by using, for example, a “Unique
Word” pattern and/or symbol. It is recognized that any other
well-known techniques may be used for this purpose. The
Unique Word patterns of the various encoders may or may not
be distinct.

0180 FIGS. 22A and 22B illustrate, respectively, burst
format for return path transmission and forward path trans
mission, according to various exemplary embodiments. In
one exemplary embodiment, the signals transmitted form
terminals (such as ST and/or UT 1503, 1505, 1507, and/or
1509) to hub 1511 in the return path can be in a burst mode
with the format illustrated in FIG. 22A. The burst 2200 can

include a unique word pattern UW 2201. UW 2201 can assist
timing synchronization and unique UW can be used to dis
tinguish a terminal burst transmission. Further, burst 2200
can include a packet heater 2203. As illustrated in FIG.22A,
packet header 2203 can include terminal identification (UT
ID) 2211, packet length ID 2213, repetition indicator 2215,
message number (Msg. No.) 2217, and packet number (Pkt.
No.) 2219.
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0181. In one exemplary embodiment, additional elec
tronic serial number (ESN in addition to UW and scram
bler) may be included for as terminal identification 2211
across satellite coverage. The nominal packet length 2213 and
data repetition indicator 2215 can be configured at initial
install of a terminal and/or be changed upon a command (for
example, from hub 1511), which is available for duplex ter
minals. In one exemplary embodiment, packet length 2213
can demonstrate length of the packet or burst. Additionally,
message number 2217 and packet number 2219 can be
employed to indicate a message and an associated packet
number within that message for hub 1511 to differentiate
within a given period of time, assuming all packet reception
can be logged by the time of reception at hub 1511.
0182. Further, burst 2200 can include payload 2205,
which can contain information (such as sensor data) that the
terminal intends to transmit. In one exemplary embodiment,
payload 2205 can include encoded and/or scrambled data.
Burst 2200 can also include pilot symbol 2207. In one exem
plary embodiment, pilot symbols 2207 are distributed evenly
between payloads 2205 and can ensure burst synchronization
at low energy per chip over noise density (Ec/No). Also burst
2200 can include a cyclic redundancy check (CRC) 2209.
CRC 2209 can include an error detecting code to detect and/or
correct accidental changes that might have occurred in burst
2200, for example, during transmission. It is noted that any
commonly used and standardized CRC can be used. Also, it is
contemplated that any other error detecting codes and func
tions can be employed.
0183. Further, according to one exemplary embodiment,
for a terminal with receiving capability, a quality of service
indicator of forward path as measured at the terminal can be
incorporated in the return path payload to facilitate forward
path power control at hub 1511. Also, terminals can use their
measured quality of service to adjust their uplink power for
return path transmission unless hub 1511 commands them to
reduce their power.
0184 FIG. 22B illustrates burst format for forward path
transmission, according to an exemplary embodiment. In this
exemplary embodiment, the signals transmitted form, for
example, hub 1511 to terminals (such as ST and/or UT 1503,
1505, 1507, and/or 1509) on a forward path (for example
through the satellite 1501) can be in a burst mode with the
format illustrated in FIG. 22B. Burst 2230 can include a

unique word (UW) symbol 2231 and a packet header 2233.
For illustration purposes, packet header 2233 can include
destination address 2241, packet length ID 2243, hub ID
224.5, and header parity check 2247.
0185. According to certain embodiments, destination
address 2241 can include a user terminal address for which

burst 2230 is transmitted. In one example, destination address
2231 can include an electronic serial number (ESN) for iden
tification. Packet length 2243 and hub ID 224.5 can determine
nominal length of burst 2230 and identification (such as
address) of the hub that is transmitting burst 2230. Packet
length 2243 can be used to enable adequate iterative decod
ing. According to one exemplary embodiment, destination
address 2241, packet length 2243, and hub ID 22.45 can be
protected by a separate error correcting code such as header
parity check 2247. Although header parity check 2247 is
illustrated in FIG. 22B, it is contemplated that other error
correcting codes such as forward error correcting codes can
be employed. Using header error correcting code such as

header parity check 2247 prevents terminals from wasting
their battery power on iterative decoding of bursts that are not
destined to them.

0186 Burst 2230 can further include payload 2235, pilot
symbols 2237 (that can be evenly distributed between pay
loads), and a CRC 2239.
0187 FIG.23 illustrates a computer system upon which an
embodiment according to the present invention can be imple
mented. The computer system 2300 includes a bus 2301 or
other communication mechanism for communicating infor
mation, and a processor 2303 coupled to the bus 2301 for
processing information. The computer system 2300 also
includes main memory 2305. Such as a random access
memory (RAM) or other dynamic storage device, coupled to
the bus 2301 for storing information and instructions to be
executed by the processor 2303. Main memory 2305 can also
be used for storing temporary variables or other intermediate
information during execution of instructions to be executed
by the processor 2303. The computer system 2300 further
includes a read only memory (ROM) 2307 or other static
storage device coupled to the bus 2301 for storing static
information and instructions for the processor 2303. A stor
age device 2309, Such as a magnetic disk or optical disk, is
additionally coupled to the bus 2301 for storing information
and instructions.

0188 The computer system 2300 may be coupled via the
bus 2301 to a display 2311, such as a cathode ray tube (CRT),
liquid crystal display, active matrix display, or plasma dis
play, for displaying information to a computer user. An input
device 2313, Such as a keyboard including alphanumeric and
other keys, is coupled to the bus 2301 for communicating
information and command selections to the processor 2303.
Another type of user input device is cursor control 2315, such
as a mouse, a trackball, or cursor direction keys for commu
nicating direction information and command selections to the
processor 2303 and for controlling cursor movement on the
display 2311.
0189 According to one embodiment of the invention, gen
eration of LDPC codes is provided by the computer system
2300 in response to the processor 2303 executing an arrange
ment of instructions contained in main memory 2305. Such
instructions can be read into main memory 2305 from another
computer-readable medium, such as the storage device 2309.
Execution of the arrangement of instructions contained in
main memory 2305 causes the processor 2303 to perform the
process steps described herein. One or more processors in a
multi-processing arrangement may also be employed to
execute the instructions contained in main memory 2305. In
alternative embodiments, hard-wired circuitry may be used in
place of or in combination with Software instructions to
implement the embodiment of the present invention. Thus,
embodiments of the present invention are not limited to any
specific combination of hardware circuitry and software.
0190. The computer system 2300 also includes a commu
nication interface 2317 coupled to bus 2301. The communi
cation interface 2317 provides a two-way data communica
tion coupling to a network link 2319 connected to a local
network 2321. For example, the communication interface
2317 may be a digital subscriber line (DSL) card or modem,
an integrated services digital network (ISDN) card, a cable
modem, or a telephone modem to provide a data communi
cation connection to a corresponding type of telephone line.
As another example, communication interface 2317 may be a
local area network (LAN) card (e.g. for EthernetTM or an
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Asynchronous Transfer Model (ATM) network) to provide a
data communication connection to a compatible LAN. Wire
less links can also be implemented. In any such implementa
tion, communication interface 2317 sends and receives elec

trical, electromagnetic, or optical signals that carry digital
data streams representing various types of information. Fur
ther, the communication interface 2317 can include periph
eral interface devices, such as a Universal Serial Bus (USB)
interface, a PCMCIA (Personal Computer Memory Card
International Association) interface, etc.
0191 The network link 2319 typically provides data com
munication through one or more networks to other data
devices. For example, the network link 2319 may provide a
connection through local network 2321 to a host computer
2323, which has connectivity to a network 2325 (e.g. a wide
area network (WAN) or the global packet data communica
tion network now commonly referred to as the “Internet') or
to data equipment operated by service provider. The local
network 2321 and network 2325 both use electrical, electro

magnetic, or optical signals to convey information and
instructions. The signals through the various networks and the
signals on network link 2319 and through communication
interface 2317, which communicate digital data with com
puter system 2300, are exemplary forms of carrier waves
bearing the information and instructions.
0.192 The computer system 2300 can send messages and
receive data, including program code, through the network
(s), network link 2319, and communication interface 2317. In
the Internet example, a server (not shown) might transmit
requested code belonging to an application program for
implementing an embodiment of the present invention
through the network 2325, local network 2321 and commu
nication interface 2317. The processor 2303 may execute the
transmitted code while being received and/or store the code in
storage device 239, or other non-volatile storage for later
execution. In this manner, computer system 2300 may obtain
application code in the form of a carrier wave.
0193 The term “computer-readable medium' as used
herein refers to any medium that participates in providing
instructions to the processor 2303 for execution. Such a
medium may take many forms, including but not limited to
non-volatile media, Volatile media, and transmission media.

Non-volatile media include, for example, optical or magnetic
disks, such as storage device 2309. Volatile media include
dynamic memory. Such as main memory 2305. Transmission
media include coaxial cables, copper wire and fiber optics,
including the wires that comprise bus 2301. Transmission
media can also take the form of acoustic, optical, or electro
magnetic waves, such as those generated during radio fre
quency (RF) and infrared (IR) data communications. Com
mon forms of computer-readable media include, for example,
a floppy disk, a flexible disk, hard disk, magnetic tape, any
other magnetic medium, a CD-ROM, CDRW, DVD, any
other optical medium, punch cards, paper tape, optical mark
sheets, any other physical medium with patterns of holes or
other optically recognizable indicia, a RAM, a PROM, and
EPROM, a FLASH-EPROM, any other memory chip or car
tridge, a carrier wave, or any other medium from which a
computer can read.
0194 Various forms of computer-readable media may be
involved in providing instructions to a processor for execu
tion. For example, the instructions for carrying out at least
part of the present invention may initially be borne on a
magnetic disk of a remote computer. In Such a scenario, the

remote computer loads the instructions into main memory
and sends the instructions over a telephone line using a
modem. A modem of a local computer system receives the
data on the telephone line and uses an infrared transmitter to
convert the data to an infrared signal and transmit the infrared
signal to a portable computing device, such as a personal
digital assistance (PDA) and a laptop. An infrared detector on
the portable computing device receives the information and
instructions borne by the infrared signal and places the data
on a bus. The bus conveys the data to main memory, from
which a processor retrieves and executes the instructions. The
instructions received by main memory may optionally be
stored on storage device either before or after execution by
processor.

0.195. In the preceding specification, various embodi
ments have been described with reference to the accompany
ing drawings. It will, however, be evident that various modi
fications and changes may be made thereto, and additional
embodiments may be implemented, without departing from
the broader scope of the invention as set forth in the claims
that follow. The specification and drawings are accordingly to
be regarded in an illustrative rather than restrictive sense.
What is claimed is:

1. A method comprising:
encoding a plurality of bit streams using Low Density
Parity Check (LDPC) coding, wherein the bit streams
correspond to a respective plurality of terminals; and
converting the plurality of bit streams to provide a multiple
access Scheme for the terminals.

2. A method according to claim 1, wherein the converting
the plurality of bit streams further comprises:
scrambling the bit streams using a plurality of respective
Scrambling signatures, wherein the bit streams include a
first bit stream associated with a first terminal and a

second terminal associated with a second terminal,

wherein the scrambling signatures include a first scram
bling signature assigned to the first terminal, and a sec
ond scrambling signature assigned to the second termi
nal.

3. A method according to claim 2, further comprising:
spreading the scrambled bit streams to match a communi
cation channel bandwidth.

4. A method according to claim 2, wherein the encoding
comprises:
accessing memory storing information representing a
structured parity check matrix of the LDPC codes, the
information being organized in tabular form, wherein
each row represents occurrences of one values within a
first column of a group of columns of the parity check
matrix, the rows correspond to groups of columns of the
parity check matrix, wherein Subsequent columns
within each of the groups are derived according to a
predetermined operation; and
outputting an LDPC coded signal based on the stored infor
mation representing the parity check matrix.
5. A method according to claim 4, wherein the parity bits
are determined sequentially, the method further comprising:

determining an 0" parity bit by adding any j' information
bit if thei' entry in the 0" row of the parity check matrix
is 1; and
determining ani" parity bit by adding the (i-1)" parity bit
and anyi' information bit if the j' entry in the i' row of
the parity check matrix is 1, wherein iD-0.
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6. A method according to claim 4, further comprising:
initializing parity bit accumulators to Zero;

accumulating the first information bit in the j" group of M
information bits in the i' parity bit accumulator if the i'
entry in (M)" column of the parity check matrix is 1,
where j=0,1,2,3,... ki/M-1:
accumulating the remaining (M-1) information bits
m jM+1,jM+2.jM+3,..., (i+1)M-1 of thei" group in
the parity bit accumulators whose addresses are given by

{x+m mod Mxq} mod(n-ki), wherein X denotes

the address of the parity bit accumulator corresponding
to the first bit, M, in the group, and q is a code rate
dependent constant; and
after all of the information bits are exhausted, performing
operations, starting with i=1 according to p, p,CDp, ,

i=1,2,..., n-ki-1, wherein final content of p,
i=0,1,..., ni-k-1 is equal to the parity bit p,

7. A method according to claim 6, wherein M is 50 and 100
and the code dependent constant q is 64 and 56 for code rates
1/9 and 1/15, respectively.
8. A method according to claim 4, wherein the row indices
of 1's in the column index M

(j = 0, 1, 2, 3, ... if - 1)
of the parity check matrix are given at thei" row according to
one of Tables 1 and 2:
TABLE 1.

Address of Parity Bit Accumulators (Rate 1/9)
O 13802744
1332,2984
22784 2624
392,596
4 18O 1160
S 464 1624
6 25561580
7 708 1008

TABLE 2

Address of Parity Bit Accumulators (Rate 1/15)
O 4788 4536
12849 2282
2 1750 2.947
3 1197 4151

wherein k

is associated with a length of the bit streams.

9. A method according to claim 8, wherein the row indices
of 1's in other column indices m (m modulo Mz0 and

msk) of the parity check matrix are given by {x+m mod

Mxq}mod(n-ki), wherein X denotes an entry at the j"

row of Tables 1-2, where j-intm/M}, and int.} denotes the
integer function, the row indices of 1's in the column index

m-k+j (ji=0,1,2,..., n -k, -2) of the parity check
matrix being given by j and j+1, the row index of 1 in the
column index n-1 of the parity check matrix being given

by nieckiaeel.

10. A method according to claim 9, wherein q-64 and
M=50 for rate 1/9 LDPC code and q=56 and M=100 for rate
1/15 LDPC code.

11. A method according to claim 1, wherein the Scrambling
signatures include Gold sequences.
12. An apparatus comprising:
one or more encoders configured to encode a plurality of bit
streams using Low Density Parity Check (LDPC) cod
ing; and;
one or more scramblers configured to scramble the bit
streams using a plurality of respective scrambling sig
natures to provide a multiple access Scheme, wherein the
bit streams include a first bit stream associated with a
first terminal and a second terminal associated with a

second terminal,

wherein the scrambling signatures include a first scram
bling signature assigned to the first terminal, and a sec
ond scrambling signature assigned to the second termi
nal.

13. An apparatus according to claim 12, further compris
ing:
one or more spreaders configured to spread the scrambled
bit streams to match a communication channel band
width.

14. An apparatus according to claim 12, further compris
ing:
memory configured to store information representing a
structured parity check matrix of the LDPC codes, the
information being organized in tabular form, wherein
each row represents occurrences of one values within a
first column of a group of columns of the parity check
matrix, the rows correspond to groups of columns of the
parity check matrix,
wherein Subsequent columns within each of the groups are
derived according to a predetermined operation,
wherein the stored information representing the parity
check matrix is retrieved and used to output an LDPC
coded signal.

15. An apparatus according to claim 14, wherein an 0"
panty bit is determined by adding anyi' information bit if the
j" entry in the 0" row of the parity check matrix is 1 and ani"
parity bit is determined by adding the (i-1)"parity bit and any
j" information bit if the j'entry in the i” row of the parity
check matrix is 1, wherein iD0.

16. An apparatus according to claim 14, wherein parity bit
accumulators are initialized to zero, the first information bit in

the j" group of M information bits is accumulated in the i'
parity bit accumulator if the i' entry in GM)" column of the
parity check matrix is 1, where j=0,1,2,3,... ki/M-1, the
remaining (M-1) information bits m-M+1, M--2, M+3,..
... (i+1)M-1 of the j" group being accumulated in the parity
bit accumulators whose addresses are given by {x+m mod

Mxq}mod(n-ki), wherein X denotes the address of the

parity bit accumulator corresponding to the first bit, jM, in the
group, and q is a code rate dependent constant, and after all of
the information bits are exhausted, operations, starting with

i=1 are performed according to p, ?etpi, i=1, 2, . . . .
n-ki-1, wherein final content of p, i=0,1, .. • s Iliade

k-1
idpc is equal to the parity bit p,
17. An apparatus according to claim 14, wherein M is 50
and 100 and the code dependent constant q is 64 and 56 for
code rates 1/9 and 1/15, respectively.
18. An apparatus according to claim 12, wherein the scram
bling signatures include Gold sequences.
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19. A method comprising:
applying joint detection and interference cancellation on a
received composite signal, wherein the composite signal
includes one or more encoded bit streams having a low
code rate;

estimating the encoded bit streams;
converting the estimated bit streams;
decoding the converted bit streams;
modifying the composite signal based on the decoded bit
stream; and

iteratively decoding bit streams of the modified composite
signal.
20. A method according to claim 19, wherein the received
composite signal includes one or more pilot signals for Syn
chronization, the method further comprising:
performing synchronization based on the pilot signals.
21. A method according to claim 19, wherein the decoding
is based on a Low Density Parity Check (LDPC) code and
comprises:
initializing a plurality of log likelihood associated with the
descrambled bit streams;

updating a value of a check node based on values of the
plurality of log likelihood;
updating a value of a bit node based on one or more check
node associated with the bit node; and

outputting the decoded bit stream.
22. A method according to claim 21, further comprising:
determining whether a parity check equation is satisfied;
and

repeating the updating a value of a check node and the
updating a value of a bit node if the parity check equation
is not satisfied.

23. A method according to claim 19, wherein the low code
rate includes rate 1/9 or rate 1/15.

24. A method according to claim 19, wherein the convert
ing the estimated bit streams comprises:
descrambling the estimated bit streams.
25. A method according to claim 21, wherein scrambling
signatures include Gold sequences.
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