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AC C E P T E D FROM OP E N CALL

INTRODUCTION
The recently defined Satellite Digital Video
Broadcasting Standard DVB-S2 [2] represents a
major step forward compared to the current
DVB-S1 [1]. Among the major features outlined
in detail in [3, 4], DVB-S2 provides a near-Shan-
non forward error correcting scheme based on
low-density parity check codes (LDPC) that out-
perform DVB-S in power efficiency by more
than 30 percent. Furthermore, the standard
encompasses a wide range of coding rates (rang-
ing from rate r = 1/4 to r = 9/10) and modula-
tion formats spanning from quadrature
phase-shift keying (QPSK) to 32 amplitude and
phase-shift keying (APSK). This enables DVB-
S2 to operate over a signal-to-noise range
exceeding 18 dB. This exceeds by far the QPSK-

based DVB-S operating range restricted to less
than 5 dB. Further spectral efficiency improve-
ment is enabled by the support of symbols shap-
ing a square-root raised-cosine filter roll-off
factor down to 0.2 instead of the 0.35 value sup-
ported by DVB-S. Of great relevance in terms of
system capacity improvement is the DVB-S2
support of variable coding and modulation
(VCM) and adaptive coding and modulation
(ACM) modes on top of the conventional DVB-
S constant coding and modulation (CCM) pro-
file. While CCM forces the use of the same
physical layer configuration for all ground sta-
tions receiving the same modulated carrier,
VCM enables multiplexing in time division fash-
ion (TDM) frames with different physical layer
configurations. The VCM mode is useful to
broadcast information with different error pro-
tection per multiplex. For example, VCM can be
used to multiplex on the same carrier, highly-
protected standard television quality (SDTV)
with less protected high-definition television
(HDTV). ACM enables the configuration in a
fully dynamic way of each TDM carrier physical
layer frame according to one of the possible cod-
ing rates and modulation formats supported by
the DVB-S2 standard. The new DVB-S2 ACM
mode of operations is highly recommended for
unicast or point-to-point applications to adapt
the physical layer configuration to the time and
location dependent channel conditions. In the
following, we focus on the profound impact of
the new DVB-S2 ACM profile on the design
paradigm and the capacity estimation for the
downlink of interactive broadband satellite net-
works. The results obtained applying modern
design techniques to the ACM interactive profile
are contrasted to the more conventional CCM
design methodology.

PROBLEM STATEMENT

Typical Ku-band broadcasting downlinks are
designed with a clear-sky margin of four to six
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ABSTRACT
Point-to-point multi-beam satellite systems

based on the DVB-S standard [1] are currently
designed for link closure in the worst-case prop-
agation and location conditions. The DVB-S
standard, conceived for broadcasting applica-
tions, considers a fixed coding rate and modula-
tion format that are selected according to the
assumed coverage and availability requirements.
This approach implies the occurrence of high
margins in the majority of the cases, when inter-
ference and propagation conditions allow for
higher signal-to-noise-plus-interference ratio.
The adaptive coding and modulation (ACM)
introduction in the new DVB-S2 standard [2] for
the interactive service profile opens up a number
of appealing opportunities for the design and
development of satellite broadband networks. In
this article we show how the ACM introduction
in the satellite downlink enables greatly
enhanced system performance but also has a
profound impact on the way the system and
some of the key system components are
designed.

ADAPTIVE CODING AND MODULATION FOR THE
DVB-S2 STANDARD INTERACTIVE APPLICATIONS:
CAPACITY ASSESSMENT AND KEY SYSTEM ISSUES
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dB and a service availability target of about 99
percent of the worst month (or 99.6 percent of
the average year). Since the rain attenuation
curves are very steep in the region 99 to 99.9
percent of the time, many dB of the transmitted
satellite power are useful, in a given receiving
location, for only about ten minutes per year.
Unfortunately, this waste of satellite
power/capacity cannot be easily avoided for
broadcasting services, where millions of users,
spread over very large geographical areas,
receive the same content at the same time.

The situation is different for unicast net-
works. In fact, the point-to-point nature of link
connections enables the exploitation of spatial
and temporal variability of end-user channel
conditions to increase the average system
throughput. This is achieved by adapting coding
rate and modulation format (ACM) of the down-
link time division multiplex (TDM) frame
addressed to a specific user (or a subset of users
experiencing the same signal-to-noise plus inter-
ference [SNIR] condition) to best match the cur-
rent user link SNIR. As a consequence, the
received downlink carrier bit rate is location and
time dependent. Instead, the TDM carrier baud
rate is constant to ease the frequency resource
allocation [5]. However, the individual user bit
rate at which packets are received is dependent
in a complex way on the instantaneous carrier
bit rate and the resource management policy
implemented at the gateway [6].

If a proper ACM dynamic physical layer
adaptation algorithm, capable of tracking the
instantaneous SNIR variation at the user termi-
nal is implemented, then link margins can be
greatly reduced compared to a CCM system.
Due to the physical layer adaptation loop laten-
cy, the physical layer threshold margin remains
to be considered [7]. With reference to this, a
possible approach to design the ACM physical
layer configuration control loop is provided. It is
shown that, by proper control loop design, ACM
loop implementation losses can be kept reason-
ably small.

Assuming a fixed beam power allocation,
there are several key parameters responsible for
SNIR variability within the satellite coverage.
They can be grouped into two categories.

GEOGRAPHICALLY DEPENDENT PARAMETERS
Satellite antenna gain: The (multibeam)

antenna gain is non-uniform over the coverage.
For example, a difference of 5dB could exist
between the peak antenna gain (at the center of
the beam) and the edge of beam gain. This is
illustrated in Fig. 1.

Interference level: The interference level
varies over the coverage. It depends on the
antenna performances (beam isolation) and the
beam frequency reuse pattern. For example, a
C/I range of nearly 20 dB (Fig. 2) could exist
over the coverage of a multibeam system based
on a four-color frequency reuse scheme and uni-
form power beam loading. When different pow-
ers and the number of carriers are associated to
the different beams, more extreme situations can
occur due to the non-uniform traffic loading
over the coverage region.

Atmospheric attenuation (mainly rain atten-

uation): For a given availability, the intensity of
the fading varies over the coverage due to differ-
ent climatic zones. For example, in Ka-band
over Europe, for a target availability of 99.7 per-
cent, the range of the required attenuation mar-
gin over the coverage is nearly equal to five dB.
This is illustrated in Fig. 3.

User terminal antenna gain: If several termi-
nal antenna sizes are used in the system, then
different user terminal antenna gains are
implied. ACM allows automatically matching
physical layer parameters to the user terminal
characteristics, thus avoiding system over sizing.
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n Figure 1. Example of satellite multibeam antenna gain variation over the 
coverage area.
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n Figure 2. Example of satellite multibeam antenna C/I ratios over the 
coverage area.
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TIME-DEPENDENT PARAMETERS

The most important parameter that is time-
dependent is the atmospheric attenuation (main-
ly rain attenuation). This corresponds to the
fading difference between clear sky and rain
conditions. For example, in Ka-band over
Europe and for a target availability of 99.7 per-
cent, the difference between clear sky and rain
fading could be up to six dB. It is noted that the
satellite terminal (ST) SNIR variation range is
typically smaller than the propagation fading
depth due to the co-channel interference effect.
In fact, downlink co-channel interference fades
with the useful signal, thus smoothing the chan-
nel fading impact on the ST SNIR. This fading
mitigation effect grows with the interference
over the thermal noise power spectral density
ratio [5].

ACM SYSTEM ANALYSIS METHODOLOGY

From the previous discussion, it is apparent that
the evaluation of the system capacity achievable
when adopting the DVB-S2 ACM profile cannot
be performed through conventional one-dimen-
sional link budgets. Whereas for CCM, the
notion of capacity is easily defined, this same
concept requires specific assumptions and analy-
sis in the case of ACM. In fact, the physical layer
throughput in each beam is, in general, different
and time-variant. The presence of geographically
and timely dependent system parameters calls
for a more comprehensive physical layer
throughput analysis methodology that has been
illustrated in detail in [5] and not repeated here.
A new software tool has been developed in the
frame of European Space Agency (ESA) con-
tracts [8, 9, 10], implementing the ACM capacity
analysis approach devised in [5]. In the following
the tool analysis, methodology and key consider-
ations related to the system sizing and design

when DVB-S2 ACM profile is adopted are sum-
marized. Differences in the system sizing
methodology with respect to the conventional
CCM-based design methodology also are prop-
erly addressed.

SYSTEM SIZING ISSUES
Before proceeding to the description of the sys-
tem tool analysis methodology, we first discuss
conventional (CCM) system-sizing issues and
how they are affected by ACM adoption.

The traditional system design involves fixing a
priori the system throughput together with the
link availability requirement to be achieved and
the target service area. Based on these require-
ments, system sizing is then performed. System
sizing involves the definition of several system
aspects, the most important being the:
• Number of satellite beams for covering the

service area
• Onboard effective isotropic radiated power

(EIRP) per beam — typically defined at the
edge of coverage (EOC) as this represents the
worst case

• The gain-to-noise-temperature (G/T) require-
ment of the ST
Moreover, sizing of the gateway (GW) feeder

link also is defined. In this regard, feeder link
often is sized so that it does not have too much
impact on the overall link budget (e.g., less than
1 dB). This is not always easily achievable at Ka-
band but for the sake of simplicity, we do not
address the feeder link sizing here more specifi-
cally.

The G/T performance of ST is often not a
free variable in the system-sizing exercise and is
often constrained by market requirements (e.g.,
maximum ST antenna size acceptable by the
user).

The number of satellite beams and the on-
board EIRP parameters are quite interrelated,
as one parameter can influence the other. How-
ever, the selection of the number of beams also
depends on the degree of frequency reuse to be
provided, which in turn depends on the target
overall system capacity and total spectrum
resource bandwidth available.

In practice, after sizing the number of beams
and their bandwidth, and taking into account all
system and satellite platform constraints, the last
step in system sizing is to adjust the on-board
provided EIRP so that the link availability con-
straints are satisfied.1

To avoid satellite EIRP over sizing, often it is
acceptable not to achieve the link availability
target in all locations in the service area. Hence,
the link availability requirements often are for-
mulated as achieving the link closure, for exam-
ple, for 99.7 percent of the time for a subset of
the service area corresponding to, for example,
at least 95 percent of the coverage surface (the
remaining five percent of the coverage having
either a lower time availability or a higher termi-
nal antenna size). This design approach is, how-
ever, causing a non-uniform service availability
figure that may have some marketing drawbacks,
for example, it requires the adoption of different
ST antenna sizes depending on the ST location.

The great advantage of ACM — compared to
CCM when operating at frequency bands whose
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n Figure 3. Fading attenuation over Europe at 20.2 GHz for 99.7 percent link
availability.
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1 The system sizing is
obviously more complex
than that depicted previ-
ously as technological
constraints also must be
taken into account.
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link fading attenuation becomes large in the
presence of (heavy) rain — is that it enables the
adaptation of the ST physical layer configuration
individually (hence, the SNIR modem thresh-
old), thus maintaining the service active even
under very unfavorable fading conditions. In this
way, the service provision to the “unlucky” active
users has the minimum impact on the aggregate
throughput, because only a very small percent-
age of users are affected at the same time by
heavy fading over the satellite coverage region.
Also, the long-term (e.g., yearly) system through-
put statistics are very marginally affected by fad-
ing events, considering their limited time
duration.

When defining the service availability, note
that it refers to a per-user quality of service
(QoS) and thus, it is also dependent on the
resource management policies that are in place
in the system [4]. Concerning the service avail-
ability for the most common case of best effort
services (such as asymmetric digital subscriber
line [ADSL] Internet access offer), due to the
wide DVB-S2 operating SNIR range, it is typi-
cally equal, or very close, to 100 percent. This is
because ACM allows the keeping of users con-
nected to the satellite network even under the
worst link conditions with negligible impact on
the other users. For the same high availability,
CCM systems must instead pay an excessively
high cost, which is the cost of providing all users
in the coverage area the physical configuration
required by only a few users.

The minimum useful ST bit rate associated
with the service availability must be related to a
per-user definition. This complicates the analysis
as the user bit rate also depends on current
beam carrier traffic and on the policy of the
resource manager and not just on the current
physical layer bit rate. In ACM systems, the GW
resource manager can counteract the effects of
poor propagation conditions by allocating more
TDM downlink carrier time resources to users in
deep fading conditions. This can be achieved by
removing resources from users in clear-sky con-
ditions and thus, receiving a carrier bit rate that
is much higher than in CCM systems — consid-
ering that heavy fading events are typically
affecting only a limited geographical area. For
further discussion about this important issue, see
[4].

SYSTEM ANALYSIS TOOL DESCRIPTION
Following the methodology described in [6], the
software-based tool can simultaneously simulate
the link budget of thousands of ST dispersed
over the target coverage area. For each ST loca-
tion, fading attenuation is generated at each iter-
ation step according to long-term statistics (one
year). When the simulation is sufficiently long,
during the simulation each ST experiences all
the possible propagation conditions with the
associated probability. This enables the deriva-
tion of precise global and local (e.g., beam)
statistics about the total system throughput, as
well as statistics about unavailability (both tem-
poral and spatial) that can be used for assess if
the link availability and service area targets were
achieved.

The tool input parameters consist of the

satellite system characteristic parameters, as well
as physical layer performance figures. Some sys-
tem parameters, like antenna pattern and fre-
quency reuse plan, are spatially variant within
the coverage area, thus motivating a statistical
analysis.

The simulation phase is performed in the fol-
lowing steps:

1. Generate a sufficient number of ST dis-
tributed over the coverage area. ST density can
be sized to match a realistic traffic distribution.
Dense areas have a larger weight on the overall
performance figures.

2. For a given time instant, randomly gener-
ate fading at each ST and each GW. For this
purpose, an indoor transmit unit radio (ITU-R)
communication model for rain, gas (oxygen,
water vapor), and scintillation can be considered.
The generated random fading must correctly
reproduce the fading cumulative distribution
function (CDF) at the considered location.2

Note that for the purposes of average capacity
evaluation, the fading model is not required to
reproduce the correct time and spatial correla-
tion. In case of polarization reuse, the effect of
propagation on cross polarization discrimination
(XPD) also should be considered.

3. For each ST, perform a link budget (both
up-link from GW to satellite and down-link from
satellite to ST), taking into account the intra-sys-
tem interference. The co-channel intra-system
interference can be computed exactly because all
parameters that influence it are known. Adjacent
channel interference can be evaluated approxi-
mately, assuming a nominal level for adjacent
carriers and the channel isolation (to be provid-
ed as input parameters for both up- and down-
link).

4. For each ST, compare the current link
budget result, that is, the obtained Es/(N0 + I0)
with the one required by each operating mode.
If the obtained value is lower than the one
required for the most protected operating mode,
then the link is unavailable. Otherwise, the link
is available. Then, the corresponding throughput
can be derived, assuming you adopt the highest
spectral efficient protection mode that can be
supported by the obtained Es/(N0 + I0).

5. Repeat steps 2 to 4 for a sufficient number
of iterations. The number of iterations required
depends on the target system availability. As a
rule of thumb, a number of iterations at least
equal to 10 times the inverse of target unavail-
ability should be considered (e.g., for an avail-
ability of 99.9 percent of the time, the number of
iterations should be larger than 10/0.001, i.e., ten
thousands).

The post-processing phase consists of the fol-
lowing steps:

1. For each ST, compute the average time
link availability (obtained as the ratio of the
number of times the ST is available with the
total number of simulation iterations).

2. Compute the spatial availability by comput-
ing the percentage of ST fulfilling the required
time-link availability target.

3. For each ST, compute the average through-
put, by averaging the throughput obtained at
each simulation step over all the simulation iter-
ations.
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4. Compute the average system throughput by
averaging the aggregated throughput of all the
ST during the whole simulation.

Then, the obtained availability and through-
put results can be compared with the require-
ments, and in the case of unsatisfying results,
possibly system sizing could be changed.

FURTHER SYSTEM CONSIDERATIONS
Note that the previously described methodology
to design and/or assess the capacity of an ACM
system has a number of limitations, for example:

•To simplify the matter, we limit ourselves to
the physical layer throughput, as the effective
user throughput also is dependent on the partic-
ular radio resource management (RRM) policies
implemented.

•The required margin for loop control inac-
curacy was not included. However, parallel simu-
lation work performed in another context, taking
into account realistic propagation events, signal-
ing delay, and physical layer adaptation margins,
demonstrated that the throughput degradation
does not exceed 15 percent, and the link avail-
ability is not affected [7].

•No encapsulation inefficiencies of the
received data traffic into the DVB-S2 frames
were considered.

•The system throughput was computed
assuming a uniform distribution of ST over the
coverage area and equal time allocation to all
ST regardless of the location of the ST (e.g.,
beam edge or beam center) and regardless of
the experienced fading. For example, it implies

that more throughput is provided at beam center
than at beam edge, due to the more favorable
link budget. If provision of equal throughput per
ST is a design goal, then the time allocation to
ST should not be uniform and should consider
the channel quality of each ST. However, no
major impact on the system throughput, which
has been derived with uniform time allocation, is
expected due to low probability of extremely
robust ACM modes utilization (a preliminary
assessment has only shown one percent of sys-
tem throughput decrease).

•As practical systems must support a non-
uniform beam loading, whose distribution
changes over the satellite lifetime, the capability
of ACM to self-adapt in each location to chang-
ing interference patterns (e.g., non-uniform fre-
quency reuse patterns) is a key property. In
these more practical operating conditions, the
ACM advantages are assessed on a case-by-case
basis.

•No attempt was made to optimize the sys-
tem design when exploiting ACM (including
feeder uplink power control and transponder
input power flux density (IPFD)). In fact, with
ACM, the system parameters are optimized fol-
lowing a different approach than the convention-
al one, because they have a different impact on
overall system throughput. Furthermore, satellite
multi-beam antennas are designed with average
performance in mind rather than worst-case fig-
ures (gain, C/I). This also can lead to a simpli-
fied payload design. ACM also may help to cope
with the satellite and ST antenna mispointing

n Figure 4. 40 Ka-band spot beams –3 dB contours over typical European coverage.
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non-uniform beam
loading, whose 
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patterns) is a key
property.
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errors.
Another main benefit of ACM systems, which

is impossible in CCM systems and has not been
considered in the simulations, is that ACM sys-
tems can take advantage of different ST antenna
sizes to increase the provided throughput. This
implies that an ACM system is much more scal-
able than a CCM system. If a user would like to
increase the received data rate of its link, a big-
ger antenna could be used.

STUDY CASE RESULTS

The aim of this section is to provide a realistic
reference scenario where the gain of ACM com-
pared to CCM was assessed using the described
methodology. The proposed scenario, considered
a representative example of a broadband system
over Europe, is one possible system implementa-
tion. Other implementations may lead to differ-
ent results even though the same general
conclusions apply. However, to make system
analysis results more generally applicable, a sen-
sitivity analysis of some parameters also is pro-
posed at the end of the section.

REFERENCE SYSTEM
The reference system is based on a 40 Ka-band
spot beams satellite that is well within reach of
technology that exists today. The antenna pat-
tern is a 40 Ka-band spot beams system over a
European coverage (Fig. 4). The computed C/I
(taking into account only the antenna pattern
and no intra-system interference) ranges from
about 16 dB to 38 dB). The satellite antenna
beam width is approximately equal to 0.6°.

The link is divided in channels of 125 MHz
bandwidth supporting one carrier of 90 Msymb/s.
Only one channel is allocated per user beam,
according to a regular 1:4 color (frequency and
polarization) reuse plan. The total user band-
width is equal to 250 MHz (2×125 MHz in two
polarizations).

Each gateway transmits four channels of 125
MHz, all in the same polarization (to have a
simple gateway RF transmit section). Therefore,
the feeder link bandwidth is equal to 500 MHz
(4x125 MHz in one polarization). On-board,
downlink channels are converted in frequency
and transmitted to the right polarization accord-
ing to the frequency plan.

In case a smaller carrier granularity is
required, for example, due to flexibility issues,
multi-carrier satellite high power amplifier
(HPA) operations are required. As discussed in
[3], this results in slightly increased output back-
off (OBO) and link impairment.

The selected approach is to dimension the
reference system for providing 99.7 percent tar-
get link availability over 95 percent of the cover-
age region for a DVB-S QPSK carrier with a
coding rate equal to 3/4.

Classical sizing has been performed, that is,
based on the worst case link budget for the tar-
get link and coverage availability. The same
derived system configuration is used as a refer-
ence system study case for assessing the capacity
of the DVB-S2 CCM system and DVB-S2 ACM
system (both discussed later), following the
methodology described in the previous section.

Table 1 lists the main system parameter values
considered for the reference system scenario.

Note that the satellite number of beams and
gain assumptions are conservative for current
payload technological capabilities.

The computed total throughput for the reference
system amounts to 4.97 Gb/s.

DVB-S2 PERFORMANCE ASSESSMENT
To ease system performance comparison, the
same system parameters of Table 1 were adopt-
ed for the DVB-S2 performance assessment. For
the DVB-S2 physical layer, a short frame config-
uration was assumed together with dynamic pre-
distortion and the demodulator algorithms
presented in [11]. The related SNR thresholds
were then derived for each coding rate and mod-
ulation format through end-to-end physical layer
simulations. They include implementation and
demodulation losses. In addition, the output
power back off at the optimum operating point
for the different modulation schemes were con-
sidered in the link budget [11].
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n Table 1. List of main system parameters.

Physical layer parameters

Carrier rate 90 Msamples/s

Satellite downlink frequency band 19.95–20.2 GHz

Gateway parameters

Gateway antenna diameter 4.5 m

Gateway HPA 120 dBW

Gateway EIRP per carrier 74 dBW

Gateway NPR 21 dB

Satellite parameters

Satellite EIRP per carrier at edge of coverage 60.5 dBW

OBO 0.5 dB

EOC gain 49.5 dBi

Satellite input losses 3 dB

Terminal parameters

Terminal antenna diameter 0.75 m

Terminal G/T 16.5 dB/K

Intersystem interferences

Adjacent satellite systems’ PSD relative to AWGN 0.97 dB

Intrasystem interference

Cofrequency copolarization (95 percent of coverage) 21 dB
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DVB-S2 CCM System — The Es/(N0 + I0) value, rel-
ative to the target link and space availability,
leads the DVB-S2 CCM system to adopt the 8-
PSK modulation format and 2/3 coding rate.
This is possible by utilizing the improved DVB-
S2 physical layer performance compared to
DVB-S.

The total DVB_S2 CCM profile system through-
put is equal to 6.92Gb/s, which implies a capacity
increase of 39 percent with respect to the DVB-S
system.

DVB-S2 ACM System — To ease the comparison
with the reference system, the ACM perfor-
mance first was computed assuming the same
system parameters. Note that this approach
penalizes the ACM performance as system
parameter optimization may further improve
ACM performance.

As explained earlier, the DVB-S2 ACM sys-
tem experiences, in general, both higher avail-
ability and throughput than the DVB-S2 CCM
system. The higher availability is guaranteed by
the utilization of spectral efficiencies lower then
8-PSK 2/3 when in the presence of deep fade
events, provided the minimum required user bit
rate is met. The higher throughput results from
using high-spectral efficiency modes in clear sky
conditions. Using the system analysis tool previ-
ously described, the modulation and coding dis-
tribution resulted in: 6.6 percent for 16APSK r
= 5/6, 23.5 percent for 16APSK r = 4/5, 30.5
percent for 8PSK r = 5/6, 1.1 percent for 8PSK r
= 3/4, 1 percent for 8PSK r = 2/3.

The spectral efficiencies lower than 8PSK 2/3
are used very rarely by the ACM system, but
they allow the increase of the link availability to
99.9 percent for a space availability of 98 per-
cent. Note that in the current example, the 32-
APSK modulation is never used.

A total average system throughput of 9.66 Gb/s
is achieved, which means a remarkable capacity
increase of 40 percent with respect to the DVB-S2
CCM system and 94 percent vs. DVB-S.

The gain of the ACM system heavily depends
on system parameters. As shown in the following
section, the gain greatly improves with an
increase of the target link availability and the
reduction of the satellite EIRP and/or terminal
G/T. Indeed, in these cases, the utilization of a
range of physical layer modes of the ACM sys-

tem can be better exploited.

SENSITIVITY ANALYSIS TO SYSTEM PARAMETERS
This section presents results for the sensitivity of
ACM system performances to system and physi-
cal layer parameters.

Sensitivity Analysis to Reference System Definition —
For this sensitivity analysis exercise, the same
parameters as in Table 1 were assumed, with the
exception of the satellite EIRP per carrier,
which was reduced to 57.8 dBW EOC (instead
of 60.5 dBW). Moreover, the target link avail-
ability is now set to 99.8 percent (instead of 99.7
percent) over 95 percent of the coverage. This
new availability requirement calls for the adop-
tion in CCM systems of a higher link budget
margin. Due to both the reduced EIRP and to
the more stringent availability requirement,
QPSK modulation and 1/2 coding rate (instead
of 8-PSK 2/3) will be used in a DVB-S2 CCM
system.

The total system throughput for DVB-S2 CCM
mode is, in this case, equal to 2.99 Gb/s (instead
of 6.92 Gb/s).

The distribution of modulation and coding
usage obtained in the same system scenario for
the ACM profile is described in Fig. 5.

In this simulation, it was assumed that the
lowest modulation and coding scheme supported
by the system is equal to the modulation and
coding scheme of the CCM system, that is,
QPSK r = 1/2. Usage of lower spectral efficien-
cies for ACM enables improvement of the sys-
tem availability but does not have an impact on
the system throughput.

With the slightly increased availability require-
ment and 3 dB satellite EIRP reduction, the total
average system throughput of the ACM system is
equal to 8.65 Gb/s, implying a capacity increase of
190 percent with respect to the DVB-S2 based
CCM system.

This result shows that:
•As the reference system has been sized for a

slightly higher availability (99.8 percent instead
of 99.7 percent), the potential gain of ACM is
greatly increased. The reason is that the higher
availability target implies that the system is sized
for coping with deeper fading; hence, higher link
margins should be put in place for CCM to pro-
vide the improved service availability. The satel-
lite RF power used for static margins is
completely wasted, because for the majority of
the time, users will experience higher SNIR than
required by the demodulator. Instead, ACM can
exploit the available SNIR at any time, implying
a significant increase of the average throughput.
Similar conclusions would apply when consider-
ing larger (> 95 percent) system spatial avail-
ability.

•While the satellite RF power is decreased
by 46 percent, the average throughput of the
ACM system is decreased only by 10.5 percent
(the gain of the ACM system with respect to the
CCM system is higher in the second system sce-
nario than in the first one, but the absolute
capacity is lower). The main reason is that the
higher the spectral efficiency of the modulation
and coding scheme, the lower the power effi-

n Figure 5. Distribution of modulation and coding usage (percent) for
enhanced DVB-S2 ACM system configuration.
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ciency (due to the impact of the flattening of the
capacity curve at a high value of SNIR). In addi-
tion, a reduction of the satellite RF power makes
the system operate in less interference-limited
conditions, thus, with a lower impact of interfer-
ence on the link budget.

Sensitivity Analysis to Selected Modulation and Coding
Schemes — If the system does not implement all
the modulation and coding schemes of the DVB-
S2 standard, then the efficiency of the system is
somewhat affected.

For example, referring to the system consid-
ered previously, if only the following subset of
modulation and coding schemes are implement-
ed: QPSK 1/2, QPSK 2/3, QPSK 5/6, 8PSK 3/4,
and 16APSK 4/5 — then the total average sys-
tem throughput is equal to 7.53 Gb/s, which
implies a decrease of 13 percent with respect to
the implementation of all modulation and cod-
ing schemes. In this case, the ACM capacity
increase is equal to 152 percent with respect to a
CCM system. It should be noted that in the pre-
vious example, the subset of modulation and
coding schemes was not optimized. Given a limit
on the total number of modulation and coding
schemes supported by the system, an optimum
selection of the ACM modes may significantly
decrease the impact on the capacity. For exam-
ple, if the following modulation and coding
schemes were selected: QPSK 1/2, 8-PSK 2/3, 8-
PSK 3/4, 8-PSK 5/6, and 16-APSK 3/4, then the
capacity decrease would be only 0.3 percent.
This implies that a good ACM system perfor-
mance can be achieved without requiring a large
number of modulation and coding schemes, pro-
vided that those that are implemented span the
range of Es/(N0 + I0) with the optimal granulari-
ty. In this regard, the implemented physical layer
configurations can be optimized to best fit the
SNIR simulated distribution and also to simplify
the physical layer adaptation. In fact, it is more
effective to reduce the granularity corresponding
to the left part of the tails of the received SNIR
probability density function (PDF). The PDF
region typically corresponds to the rare fading
events that can be covered by just one or two
physical layer configurations. By doing so, you
improve the ACM adaptation system robustness
without affecting the overall throughput.

Other simulations were run to assess the
impact of implementing only QPSK and 8-PSK
modulation formats. In the system scenario with
the reduced EIRP = 57.8 dBW EOC, the
throughput is now reduced to 8.30 Gb/s (com-
pared with 8.65 Gb/s when all the modulations
are supported).3 In the reference case, where
EIRP = 60.5 dBW EOC, it is 8.41 Gb/s that
must be compared with 9.66 Gb/s when the
whole set of modulations are supported. Then,
the loss is more significant due to the higher use
of 16-APSK modes.

The previous results show that the impact of
supporting only QPSK and 8-PSK modulations
may be significant (up 15 percent) depending on
the particular system sizing and in particular, on
the available on-board power.

Satellite Multibeam Antenna Design Issues — Before
discussing the impact of the satellite downlink

antenna parameters on the average system
throughput, a consideration of the impact of
ACM on the satellite antenna design is appro-
priate. In CCM systems, the satellite multi-beam
antenna is typically specified through its mini-
mum performance over the coverage region (or
a subset of it) in terms of gain and C/I. This is
because the CCM physical layer is dimensioned
on the worst-case location for the worst-case
time of the year. Thus, knowing the satellite RF
power limitations, the antenna design should
ensure that the CCM physical layer efficiency is
acceptable for the worst-case location. For
ACM, the average antenna performance has
more relevance than the worst-case. This is
because, as for the fading attenuation, worst-
case C/I or gain variations, if limited in area
extension, can be accommodated by the ACM
intrinsic adaptability with minimum impact on
the overall throughput performance. This is an
essential issue as it enables the:
• Relaxing of the multibeam antenna design in

terms of minimum C/I, for example, reducing
the number of feeds required/beam in a multi-
feed/beam (AFR) antenna architecture. This
has the advantage of simplifying the payload
RF front-end and at the same time easing the
introduction of digital processors with digital
beam forming networks (DBFN).

• Increasing the beam overlap to one side
reduces the gain ripple within the beam while
reducing the antenna mispointing errors
impact.

• Accept variable frequency reuse over the sys-
tem coverage region to cope with uneven traf-
fic distributions.
These features are considered key drivers for

designing very efficient broadband satellite net-
works.

Sensitivity to the Number of Satellite Antenna Beams and
Frequency/Polarization Reuse — Simulation tests
were carried out for system study cases assuming
constant overall satellite RF power and band-
width with different number of beams, from 60
up to 205 beams. Results show that the ratio
between the average ACM system spectral effi-
ciency and the correspondent CCM system effi-
ciency remains almost the same regardless of the
number of beams. Therefore, the absolute capac-
ity increase due to ACM is larger in systems with
a high number of beams. Indeed, results show
that the capacity gain achieved for a constant
satellite RF power by ACM systems over con-
ventional CCM systems moves from 5 Gb/s (60
beams) up to 22 Gb/s (206 beams).

Additional parameters directly affecting sys-
tem throughput are frequency and polarization
reuse. Simulations indicate that for ACM sys-
tems, an additional gain of about 50 percent can
be obtained by the use of the two orthogonal
polarizations with the same overall satellite
bandwidth. That means that the useful band-
width/beam is now doubled although the overall
satellite power remains constant. This fact
explains why the improvement is not close to 100
percent as one might expect. The utilization of a
more pushed satellite multibeam antenna fre-
quency reuse pattern, 1:3, with respect to a more
conventional 1:4 frequency reuse pattern results

3 Here we have considered
all QPSK modes down to
rate 1/4, while before the
lowest mode was QPSK
1/2, but this should not
impact the throughput in
a significant way.
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in a gain of about 15 percent at the expense of
an increased feeder link bandwidth requirement
and a more complex satellite RF front-end.

CONCLUSIONS

In this article we showed that the adoption of
the ACM profile supported by the new DVB-S2
satellite physical layer standard has a profound
impact on the system sizing and optimization
methodology. A computer-based semi-analytic
capacity analysis approach for the forward link
of a multi-beam satellite broadband access net-
work exploiting the DVB-S2 ACM profile was
described. Numerical results for a few realistic
study cases showed that adaptive coding and
modulation techniques could significantly
increase the average system throughput and
availability, thus making the system economically
more attractive for interactive applications. This
capacity increase is mainly dependent on the fre-
quency band adopted, target link and service
area availability requirements, and related sys-
tem sizing options.
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