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Comtech EF Data’s CDM-
600 satellite modem.

Photo courtesy of
Comtech EF Data.

A matter

In the past few years there has been an unprec-
edented resurgence in interest in Forward Error Cor-
rection (FEC) technology. The start of this new inter-
est has its origins in the work done by Claude Berrou
et al, and the landmark 1993 paper ‘Near Shannon
Limit Error Correcting Coding and Decoding - Turbo
Codes’. FEC is considered an essential component in
all wireless and satellite communications leading to
the reduction of the power and bandwidth requirements
for reliable data transmission.

Claude Shannon, considered by many to be the
father of modern communications theory, first estab-
lished, in his 1948 paper ‘A Mathematical Theory of
Communication’, the concept of channel capacity. This
places an absolute limit on how fast it is possible to
transmit error-free data within a channel of a given

Richard Miller, Senior Vice President,
New Technology, Comtech EF Data,
introduces the Low Density Parity
Check (LDPC) coding and 8-QAM
modulation, the latest generation of
Forward Error Correction (FEC) and
modulation technologies.

bandwidth, and with given noise conditions within that
channel. He concluded that it would only be possible
to approach this limit through the use of source en-
coding - what is familiar today as FEC. He postulated
that if it were possible to store every possible mes-
sage in the receiver, finding the stored message that
most closely matched the incoming message would
yield an optimum decoding method. However, for all
but the shortest bit sequences, the memory required
for this process, and the time taken to perform the
comparisons, makes this approach impractical. For all
practical purposes, in fact, the memory requirement
and the decoding latency become infinite.

For many years there were few advances in the
quest to approach the Shannon Limit. The Viterbi al-
gorithm heralded a major step forward, followed in the
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early 1990s by the concatenation of a Viterbi decoder
with Reed-Solomon hard-decision block codes. How-
ever, it remained clear that the Shannon Limit was still
an elusive target. Berrou’s work on turbo codes
showed, through the use of an ingeniously simple ap-
proach (multiple, or iterative decoding passes) that it
is possible to achieve performance close to the Shan-
non Limit.

Berrou's early work dealt exclusively with itera-
tively-decoded convolutional codes (Turbo Convolu-
tional Coding, or TCC), but in time the iterative ap-
proach was applied to a particular class of block codes
called product codes - hence Turbo Product Coding
(TPC). TPC exhibits inherently low decoding latency
compared with TCC, and so is considered much more
desirable for two-way, interactive satellite communi-
cations applications.

In August 1999, Comtech became the first com-
pany in the world to offer, on a commercial basis, sat-
ellite modems that incorporate TPC. Since its incep-
tion, Comtech has continued to develop and refine its
implementation of TPC in its products, and now offers
a comprehensive range of code rates (from Rate 5/16
to Rate 0.95) and modulations (from BPSK to 16-
QAM). However, in the past few years, as part of the
general interest in turbo coding, a third class of turbo
coding has emerged, namely the Low Density Parity
Check Codes (LDPC). This is more like TPC than TCC,
in that it is an iteratively-decoded block code. Gallager
first suggested this in 1962, but at the time, the imple-
mentation complexity was considered to be too great,
and for decades it remained of purely academic inter-
est. Now, however, with silicon gates being cheap, plen-
tiful and fast, an LDPC decoder can easily be accom-
modated in a large Field Programmable Gate Array
(FPGA) device. Further interest in LDPC was stimu-
lated in 2003, when the Digital Video Broadcasting
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(DVB) committee adopted LDPC codes, which were
proposed by Hughes Network Systems (HNS), as the
basis for the new DVB-S2 standard.

The LDPC method on its own produces an unde-
sirable ‘flaring’ in the Bit Error Rate (BER) vs. Eb/No
characteristic, and for this reason it is desirable to
concatenate a short BCH code with LDPC.

In order to take full advantage of the coding gain
increase that LDPC provides, it became necessary to
find an alternative to 8-PSK. Comtech EF Data has
therefore developed an 8-QAM approach that permits
acquisition and tracking at much lower values of Eb/
No than 8-PSK. Comtech EF Data has chosen the
CDM -600 platform as the first satellite modem in which
to implement both LDPC and 8-QAM.

LDPC versus TPC
So, is LDPC better than TPC? The answer must be
‘sometimes, but not always’, as there are issues, such

“Berrou’s early work dealt
exclusively with iteratively-
decoded convolutional codes

(Turbo Convolutional Coding, or
TCC), but in time the iterative
approach was applied to a
particular class of block codes
called product codes - hence
Turbo Product Coding (TPC).”

Figure 1: performance of
various TPC and LDPC modes
relative to the Shannon Limit.

Image courtesy of Comtech
EF Data
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Table 1: Comparison of
all Comtech EF Data TPC
and LDPC Modes
(CDM-600 with LDPC/TPC
Codec and Firmware
Version 1.6.1)
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as latency, that must be taken into consideration. Fig-
ure 1 illustrates the performance of various TPC and
LDPC modes relative to the Shannon Limit - the Chan-
nel Capacity is shown for both QPSK and 8-PSK. Er-
ror free transmission is not possible for values of spec-
tral efficiency (capacity) vs. Eb/No above these limit
curves. The horizontal distance to the limit provides a
metric of overall performance.

It can be seen from this graph that for Code Rates
above 3/4, Comtech’s TPCs are very close (1dB -
1.5dB) to the Shannon Limit. However, at 3/4 and be-
low, LDPCs are performing 0.7dB - 1.2dB better than
TPCs. It is clear that in order to provide the best pos-
sible performance over the range of code rates from
1/2 to 0.95, both an LDPC and a TPC codec need to
be offered. In order to meet this requirement, Comtech
EF Data has developed a combination LDPC/TPC
Codec module that can be added to the CDM-600

Modem, and which provides the following operating
modes:

TPC Modes - completely compatible with the sec-
ond generation (High Rate) modes:

* Rate 5/16, 21/44 BPSK

* Rate 1/2, 3/4, 7/8, 0.95 QPSK/OQPSK

* Rate 3/4, 7/8, 0.95 8-PSK

* Rate 3/4, 7/8 16-QAM

LDPC Modes:

¢ Rate 1/2 BPSK

* Rate 1/2, 2/3, 3/4 QPSK/OQPSK
e Rate 2/3, 3/4 8-PSK

« Rate 2/3, 3/4 8-QAM

e Rate 3/4 16-QAM

This new LDPC/TPC codec module may be in-
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“It is an unfortunate fact, but
FEC methods that provide
increased coding gain inevitably
do so at the expense of
increased processing delay
(latency).”

stalled in any existing CDM -600, as a simple field
upgrade, or already installed in new modems ordered
from the factory. It requires Firmware Version 1.6.1 (or
higher) to be installed.

Table 1 compares all the TPC and LDPC modes
available in Comtech EF Data’s CDM-600, and shows
Eb/No performance and spectral efficiency (occupied
bandwidth) for each case. This information will be of
particular interest to satellite operators wishing to si-
multaneously balance transponder power and band-
width.

The large number of modes offered will permit, in
the majority of cases, significant power and/or band-
width savings when compared with existing schemes
such as concatenated Viterbi/Reed-Solomon, or the
popular 8-PSK/Trellis/Reed-Solomon (Intelsat IESS-
310).

End-to-end processing delay

It is an unfortunate fact, but FEC methods that pro-
vide increased coding gain inevitably do so at the ex-
pense of increased processing delay (latency). The
closer to the Shannon Limit that a code approaches,
the higher the decoding delay. In many applications,
IP transport being a prime example, latency is a sig-
nificant issue.

As with TPC, the coding gain achievable with LDPC
is a direct function of the block size used for the en-
coding process. In all the TPC modes employed in the
CDM-600, a 4kbyte block size is used, with the ex-
ception of the Rate 7/8 case, which uses a 16kbyte
block. This leads to an end-to-end latency of approxi-
mately 120ms at a data rate of 128kbit/s.

All of the LDPC modes also use a 16kbyte block
size, and as a consequence, end-to-end latency will
be broadly comparable to the Rate 7/8 TPC case.
Comtech EF Data is continuing to investigate meth-
ods for reducing latency to the theoretical minimum
possible.

The new challenges of LDPC

LDPC is capable of producing quasi-error-free per-
formance at exceptionally low values of Eb/No. This
pushes the limits of demodulator performance - in or-
der to take advantage of the improved coding gain of
LDPCs, the demodulator must now acquire and track
signals in noise conditions that are extremely challeng-
ing for the modem designer.
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Comtech EF Data releases

turboVR™ router

Comtech EF Data Corporation has announced
the release of turboVR®™, a new combination
router with acceleration. This product combats the
inherent challenges of transmitting Transmission
Control Protocol/Internet Protocol (TCP/IP) over
satellite communications links by transparently
accelerating TCP sessions, resulting in increas-
ing throughput. turboVR also provides the IP rout-
ing functions essential to small-to-medium enter-
prises.

Typical satellite links exhibit delay and high
bit error rates, which can degrade or restrict TCP
transmission. By deploying the acceleration of-
fered in turboVR, more simultaneous connections
can be supported, faster throughput can be
achieved and overall network efficiency can be
restored.

Loaded with IP routing functionality, this com-
pelling device provides Data and TCP Header
Compression, Network Address Translation
(NAT), Dynamic Host Configuration Protocol
(DHCP) and more. turboVR is standards-based,
supporting the Space Communications Protocol
Standard Transport Protocol (SCPS-TP).

It provides reliable connection-oriented end-
to-end data transfer for user applications. And, it
interoperates with TCP/IP networks and devices,
so turboVR can be seamlessly integrated into
existing networks in a staged manner, avoiding
the need for network-wide upgrades.

“The release of turboVR adds another offer-
ing to our performance enhancement product line,
which is based on SkipWare® technology by Glo-
bal Protocols®™, Inc.,” said Daniel Enns, Senior
Vice President (SVP) strategic marketing and
business development. “The experience we have
gained in the government and military sector has
enabled us to develop an acceleration product
ideally suited for the commercial market.”

Packaged in a network appliance-style plat-
form, turboVR is intended for satellite broadband
service providers, businesses utilising satellite
links for Internet backbone trunking services and
organisations with large or evolving satellite band-
width requirements for Internet traffic - from edu-
cational institutions and oil and energy to mari-
time and construction. turboVR is now available

for shipment. [ |
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While it is possible to produce acceptable
demodulator performance for BPSK, QPSK and 16-
QAM, the 8-PSK case provides a particularly difficult
challenge.

When the DVB committee addressed the DVB-S2
specification, they recognised that, at the values of
Eb/No that are dictated by LDPC performance, the gain
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of an 8-PSK phase detector is becoming vanishingly
small, and hence a conventional approach becomes
impractical.

To overcome this, they included so-called pilot
symbols to aid in the acquisition and tracking process.
However, this complicates both the modulator and the
demodulator design, and as a result, Comtech EF Data
looked for an alternative approach. 8-QAM provided
the answer.

8-QAM

What is 8-QAM, and why is it important? Unlike 8-PSK,
which comprises eight equally-spaced constellation
points around a unit-circle, 8-QAM is comprised of
exactly half of a 16-QAM signal. Fortuitously, the 8-
QAM constellation possesses some unigue properties
that can be exploited to permit acquisition and track-
ing of signals at noise levels 2dB - 3dB worse than is
possible with 8-PSK. This is, then, a perfect match for
the expected Eb/No values that LDPC demands. Natu-
rally, it has exactly the same spectral efficiency as 8-
PSK.

While the 8-QAM constellation itself is not new,
Comtech has performed much original work related
to the choice of optimum mapping and soft decision
decoding, and, of course, on the techniques for ac-
quiring and tracking 8-QAM signals. This work is the
subject of a pending patent application filed by
Comtech EF Data.

The basic performance of uncoded 8-QAM is in-
herently better than uncoded 8-PSK (by a few tenths
of a dB), but has a slightly higher peak-to-average
power ratio than 8-PSK. In most linear transponders,
this should not be considered a problem.

Practical experience of combining 8-QAM with
LDPC has shown exceptionally robust performance -
the demodulator threshold is comfortably below the
level where the LDPC codec performance fails. For
many years, the 8-PSK/Trellis/Reed-Solomon ap-
proach has been considered the standard to beat. Now,
for the first time, performance is possible that is supe-
rior in both power and bandwidth utilisation.

Conclusion

With the wide choice of codes, modulation formats and
code rates available, Comtech EF Data believes that
it is now possible, using a single modem platform, to
choose a modulation/code/code rate combination that
will simultaneously optimise power and bandwidth for
any given transponder.

This powerful technology will afford satellite op-
erators the opportunity to maximise both throughput
and revenues.

Comtech EF Data has carried out a large number
of link budget analyses to determine the cost savings
of TPC, LDPC and 8-QAM.

Compared with the already powerful Rate 7/8 TPC
case, there are LDPC modes that offer ten per cent
total cost savings in transponder costs. However, more
impressively, when compared to 8-PSK/Trellis/Reed-
Solomon, the cost savings achievable are around 18
per cent. [ ]

Comtech EF Data introduces LDPC

and 8-QAM

Comtech EF Data Corporation, a subsidiary of
Comtech Telecommunications Corporation, has
announced the introduction of a new Forward Er-
ror Correction (FEC) codec, based on Low-Den-
sity Parity-Check Codes (LDPC), for their CDM-
600 Satellite Modem. This innovative codec takes
performance to new heights, surpassing even
Comtech EF Data’s own second generation Turbo
Product Coding (TPC), previously the industry’s
most bandwidth efficient Forward Error Correc-
tion (FEC).

When utilised in networks with lower FEC cod-
ing rates and higher data rates, the power and
bandwidth savings offered by LDPC are most ap-
parent. In conjunction with the introduction of
LDPC for the CDM -600 Satellite Modems is a
new modulation technique, 8-QAM, which exhib-
its far superior performance compared with con-
ventional 8-PSK. The techniques for acquiring and
tracking 8-QAM signals are the subject of a pend-
ing patent application filed by Comtech EF Data.
When LDPC and 8-QAM are combined, satellite
transponder utilisation can be maximised, result-
ing in minimised operating expenses. As an ex-
ample, compared with the current industry stand-
ard 8-PSK, LDPC and 8-QAM can reduce satel-
lite link power by 40 per cent, while saving 10 per
cent bandwidth.

“This innovation is another example of
Comtech EF Data’s technological leadership and
commitment to deliver market solutions that
optimise satellite communications,” said Daniel
Enns, Senior Vice President (SVP) strategic mar-
keting and business development.

The CDM-600 is an advanced, open network
satellite modem that supports data rates up to
20Mbit/s, an array of modulation techniques,
standards and interfaces, plus the widest range
of FEC options, ensuring optimum performance
based on varying network conditions. CDM-600s
are deployed to support a number of satellite com-
munications applications, including broadcast, cel-
lular backhaul, offshore and enterprise communi-
cations. L
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For more details please contact:

Daniel Enns

Senior Vice President

Strategic Marketing & Business Development
Comtech EF Data

2114 West 7TH Street

Tempe AZ 85381

us

Tel: +1 480 333 2200

e-mail: denns@comtechefdata.com
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