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ABSTRACT The extension of the digital video broadcasting second generation standard (DVB-S2X) for
transmission over satellite has been introduced recently with its novel superframe structure, which is a key
enabler for applying interference management techniques, such as precoding, to multibeam high throughput
geosynchronous (GEO) satellite systems operating in the Ka-band. This paper presents the first full design
of DVB-52X system with multi-user-multiple-input-single-output (MU-MISO DVB-S2X), with most of its
modulation and coding schemes (MODCODs), over rainy fading channels. The atmospheric impairments
on the Ka-band satellite channel are considered, especially the rainfall effect, which is the most effective
atmospheric impairment that degrades the system performance. Two rainy fading channels are designed,
one for tropical region and the other for temperate region, using real rain data from these areas. In addition,
the user scheduling influence on the bit error rate (BER) performance of MU-MISO DVB-S2X system
is tested and compared with the conventional MISO DVB-S2X system. Simulation results show that the
proposed system can achieve a significant improvement in terms of BER performance with at least 20 dB
for 128 amplitude and phase shift keying (128 APSK) MODCOD over the tropical channel and 14 dB for
32APSK MODCOD over temperate channel when the number of users is six. The enhancement in error
rates proves that MU-MISO DVB-S2X system with scheduling can be the key solution for DVB-S2X system
performance degradation in fading channels, especially rainy fading channels.

INDEX TERMS DVB-S2X, multibeam satellite, BER, atmospheric impairments, tropical satellite channel,

precoding, user scheduling.

I. INTRODUCTION

With the fast development of satellite technology and
the increasing demand for high data rate broadband ser-
vices in satellite communications, multibeam satellite sys-
tem in concurrence with aggressive frequency re-use are
the most proper candidates for the next generation satellite
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communications [1], [2]. In this context, MU-MISO tech-
niques with precoding techniques are introduced to manage
interferences with the assistance of the new superframe (SF)
of DVB-S2X [3], which was designed to be suitable for pre-
coding techniques [4]. In the literature, some precoding tech-
niques for satellite systems have been studied [1], [5], [6],
in which they focused on throughput performance and sum
rate optimization, however, none of these studies target BER
performance. In [2], [4] and [5] DVB-S2X system was
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considered to study the throughput performance. Uncoded
BER performance was analyzed in [7] with modulation with-
out taking into account satellite standards, i.e., DVB-S2X,
which is considered as the key enabler for implementing the
interference mitigation techniques. Fixed satellite commu-
nication systems above 10 GHz operate under line of sight
(LOS); the satellite channel essentially corresponds to an
additive white gaussian noise (AWGN) channel. However,
channel and propagation characteristics are the major con-
stituents of a MISO channel matrix at the Ku and Ka bands,
which are subjected to various atmospheric fading mecha-
nisms originating in the troposphere that severely degrade the
system performance and availability [8]. Although in [6] the
rain attenuation was taken into consideration in the satellite
channel model to show the impact of channel perturbations
on the capacity of the system, the effect of this impairment
on the error probability was not studied. In this paper, such
analysis is presented, particularly addressing links between
multiple satellite antennas in the GEO orbit and ground ter-
minal antennas with the impact of rain fading channel on the
BER performance.

A. CONTRIBUTIONS

The main contributions of this paper can be summarized as
follows:

o We propose a full MU-MISO-DVB-S2X system with
most DVB-S2X MODCODs for a multibeam satellite
communication system. In the previous works, only
throughput performance is considered for DVB-S2X,
which does not require a full system design.

o The atmospheric impairments considered a serious prob-
lem in satellite communication in tropical regions,
which are mostly characterized by heavy precipita-
tion, especially at high frequencies. For these reasons,
we introduce two rainy fading channel models, the first
model is designed for tropical regions (high-fading
channel), and the second model is designed for tem-
perate regions (low-fading channel). A real measured
rain data for two cities are used in our channel models;
Penang-Malaysia [9] and Athens-Greece [10] to repre-
sent the tropical and temperate regions, respectively.

o Investigate the BER performance of our proposed
MU-MISO-DVB-S2X system using the designed chan-
nel models, in order to give a prior visualization about
DVB-S2X MODCODs functionality and error rates in
these areas.

« Finally, a significant enhancement is achieved in terms
of BER performance of DVB-S2X system for both trop-
ical and temperate regions, using zero-forcing beam-
forming (ZFBF) technique and semi-orthogonal user
selection (SUS) scheduling algorithm [11].

B. NOTATIONS

The lowercase boldface letters are used to denote vectors,
and uppercase boldface letters denote matrices. (-)7 denotes
the transpose operation. (-)*, ||-|| and © denote the conjugate
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TABLE 1. Summary of important symbol notations.

Symbol Meaning
kben size of frame before bose-chaudhuri-hocquenghem (BCH) encoder
kiape size of the frame after BCH encoder
Nidpe size of frame after low density parity check (LDPC) encoder
P The nonprecoded pilots
P2 The precoded and modulated pilots

transpose, the Frobenius norm and Hadamard product oper-
ations respectively. { denotes the empty set and 1y, denotes
an 1 x N; all-one vector. @ denotes the exclusive-or (XOR)
operation.

C. PAPER ORGANIZATION

The rest of this paper is organized as follows; Section II
introduces end-to-end system model from the gateway termi-
nal, the channel model, and the user terminal. The proposed
MU-MISO-DVB-S2X system model is introduced in
Section III. Finally, Section IV provides numerical results
before giving concluding remarks in Section V.

Il. SYSTEM MODEL

We consider a forward link of a multibeam satellite system
with full frequency re-use, as depicted in Fig. (1). In this
system, a single gateway (GW) with N; transmit antenna
can simultaneously serve N; fixed user terminals using the
ZFBF technique. This system resembles a multi-user MISO
downlink beamforming in which N; users are selected from
U users and (JU| = K) using user scheduling. ZFBF is then
applied to the scheduled users. Therefore, the received signal
at the k-th user terminal is given by

N;
Vi = «/Fhkwkxk + VP Z hiwix; + ny, (1)
Jj=1.j#k

where by € C'*M denotes the channel vector which is
modeled as rainy fading channel explained in section II-B,
wi € CNi>l is the ZFBF vector for the user k, ny is com-
plex additive white Gaussian noise (AWGN) with distribution
CN(0, o).

The ZFBF matrix W is given by [12], [13]:

W =[wy,...,wy]=H"HH")", )

where H = [hT, . ,hg,t]T denotes the channel matrix of
strong users, H* is the conjugate transpose of H and (-)7 is
the transpose operation.

With ZF precoding, the interference is pre-canceled
such as:

hiw; =0, forj #k, 3)

In this way, the spatial degree of freedom offered by multiple
transmit antennas can be exploited such as N; antennas serves
N; users.
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FIGURE 1. The proposed MU-MISO DVB-S2X system model.

TABLE 2. The code rate constant values, q, for LDPC code rates [3].

LDPC Code Identifier q
11/20 81

23/36 65

128/180 52

13/18 50

132/180 48
135/180 45
140/180 40

A. GATEWAY TERMINAL

At the gateway terminal shown in Fig. (1), the base band
frame (BBFRAME) m of size 1 x kp, is created based on the
chosen code rate in european telecommunications standards
institute (ETSI) [3] and [14], then the forward error correc-
tion (FEC) encoding starts with the BCH which represents
the outer encoder in the system. BCH encoder generates
an error protected packet by multiplying the BBFRAME by
BCH polynomials in [3]. The number of multipliers changes
with respect to the packet length of the final physical layer
frame and the output codeword will be ¢. The LDPC, which
represents the inner encoder, generates a parity block of size
Nidpe —kidpe from codeword block ¢ of size kg and constructs
the codeword of size njgp- by gathering the codeword block
and parity block. Algorithm 1 shows the steps of parity block
generation. The process starts by setting all parity bits to zero
then updating the j-th parity bit z; continually by applying
XOR between the parity bit and the codeword bit ¢;. Then
the next parity bit number j to be calculated is updated using
the addresses of the parity bits x and the code rate constant
q which is given in Table 2. The output codeword could be
either njgp. = 64800 bit or nyyye = 16200 bit long. After-
ward, the FECFRAME is interleaved in a pattern depend-
ing on the MODCOD of the transmission. Then, M-APSK
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constellations are composed to ng concentric rings, each with
uniformly spaced PSK points. The signal constellation points
are complex numbers, drawn from a set x which can be
represented as [15]

27

P ATTRRY i=0....,n —1, (ring 1)
o 2
Wit 0y — 1, (ring 2)
xX=1. @
.o 2
Fugd TG 0. g — 1, (ring ng)

where n;, r; and &; are the number of points, the radius
and the relative phase shift corresponding to the /-th ring,
respectively. Then, a number of PLFRAME:s are bundled to
create a superframe. Each bundle consists of PLHEADER,
FECFRAME, 180 modulated pilots ps from the same
FECFRAME constellation format, and 71 pilot fields with
36 symbol in each pilot field p. The structure of superframe
format specification 2 is depicted in Fig. (2). According
to Annex E of the DVB-S2X standard [3], the superframe
structure enables the use of precoding techniques for the
forward link of a satellite system and it has a constant length
of 612540 symbols. The number of pilot fields per superframe
is L 639. The pilot fields are determined using walsh
hadamard (WH) sequence, and these fields are repeated peri-
odically with a repetition period of 956 symbols, as shown
in Fig. (2).

The pa pilots are generated by mapping between the
y-bits label p; and constellation points 7’ using the mapping
function f,,4. The ¥r-bits label p; are determined using the
function f3;; which return the ¢ less significant digits of
the integer v 180 which represents the number of po
pilots in the superframe. Each superframe consists of bun-
dled PLFRAME:s in addition to the preface of 720 sym-
bols, which includes the start of superframe (SOSF) and
the super format frame indicator (SFFI) in order to indi-
cate the MODCOD used and the start of the superframe.
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FIGURE 2. DVB-S2X Superframe structure of format specification 2. [3].

Dummy symbols of 540 symbols are added to the end of
superframe. Then, after adding the precoded and modulated
pilots p2 and nonprecoded pilots p and the superframe preface
the GW schedule two users using SUS scheduler in which two
semi-orthogonal channels are selected to design zero forcing
ZF beams (more details are provided in section III). Finally,
the signal is filtered using a square root raised cosine (SRRC)
filter with roll off factor 20% in order to be transmitted
through the rainy fading channel. The frequency response
function R(f) of this filter is given by [16]

R(f)
1 Il </nd—a),
1 —
- \/E[l—i—sin Z AT o= =it
fn

0 Il = v+ ),
(5
where fy = 1/2 Ty = R;/2 is Nyquist rate, « is roll-off

factor,T is symbol period of input signals, Ry is the input
symbol rate equal to 1/T. The steps for FEC encoding and
superframe constructing that take place in GW terminal are
introduced in Algorithm 1.

B. SATELLITE FADING CHANNEL MODEL

The satellite channel characterization is considered one
of the main challenges in satellite communications; there-
fore, the channel has to be properly modeled. For the
Ka-band satellite channel, the system performance is severely
degraded due to the atmospheric fading effects, especially
rain attenuation, which is considered as the dominant factor.
The satellite channel model is described in detail in the fol-
lowing paragraph.

1) Rain Fading: To model the effect of rain fading, two
rain rate values are used in our channel model. As this
study considers the tropical regions and studies the
effect of heavy rain rates that these areas suffer from,
a real rain rate measured in [9] will be used to cal-
culate the rain attenuation. In order to give a better
understanding, another rain rate value for temperate

VOLUME 8, 2020

2)

region [10] is considered in order to compare between
these two areas in the world. Several models are pro-
posed to calculate the rain attenuation, such as the
ITU-R P.618 prediction model [17]. For the sake of
accuracy, a real rain rate measurement will be used
instead of the predicted one by ITU-R. Table 3 shows
the parameters for rain attenuation calculations and the
details for the two selected cities in this article.
The calculation for rain attenuation are done using
equations given in recommendation ITU- R P.618,
ITU- R P.839 and ITU- R P.838, [17], [18] and [19]
using the parameters from Table 3. Then, the calcu-
lated rain attenuation value, A,dB, is used to find the
distribution of the power gain, A, using the following
equation:

A,dB = 201og;o(A,), (15)

The corresponding 1 x N rain fading coefficients from
all antenna feeds towards a single antenna are given in
the following vector [20]:

By = A,7e 9N (16)

where ¢ represents a uniformly distributed phase
between 0 and 2. As we consider line of sight environ-
ment and there is no large space between the satellite
antennas the phases from all antennas are assumed to
be identical [21].
Free Space Losses: Due to the long path between the
satellite and user terminal, Free Space Losses is consid-
ered as an important deterioration factor in the satellite
channel and it is not similar for all beams because of
the wide coverage area of the satellite and the earth
curvature. The free space losses for the k-th user in the
Jj-th beam can be calculated by [6], [22]:

bk, ) = ’ ! G (17)
reto D=\ ) \ao? + de 2 \loBWT )

where dy and dj ; are the distance between the GEO
orbit and the earth’s surface and the distance for the
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TABLE 3. Receiving sites parameters for rain attenuation calculations from [9] and [10].

Receiving site Region Latitude | Longtitude | Altitude | Rainfall rate Rg.01 0°C Isotherm height
location deg. N deg. E m mm/h above the sea level hg
Athens - Greece Temperate 37.90 23.73 15 24 3
Penang - Malaysia Tropical 5.17 100.4 57 130 4.5

k-th user from the center of the j-th beam, respectively.
kp represents Boltzmann constant, BW is the noise
bandwidth and T is the receiver noise temperature
while G’I‘e is the k-th user receive antenna gain which
for simplicity is assumed to be the same for all user
terminals Gll‘e = Gp.

3) Multibeam Gain: The beam gain matrix is used to
model the power level dissimilarity of the received
signal on the earth surface and it mainly depends on
the satellite antenna beam pattern and the user position.
Then the beam gain from the j-th beam to the k-th user
can be approximated by [22]

2
3675y
(bl = G (Jl(”k’)Jr 133(”"'-’)>, (18)

2uj uk,j

where the auxiliary variable u 1is defined as
u=207123 51;“918 0 is the angle between the beam

center and the terminal location and 634 is the
angle which corresponds to 3-dB power loss. In addi-
tion, J; and J3 are the first-kind Bessel function of
order 1 and 3, respectively.

Collecting the beam gain coefficients from all transmit
antennas into the 1 x N; vector b, the overall channel
for a single user can be expressed as [22]

hi = b © b7 /b (19)
C. USER TERMINAL

The selected user will perform a series of steps in order
to get the information. The process for the user terminal
shown in Fig. (1) starts from applying the baseband filter
to the received signal. Then, the superframe enters to ZF
equalizer to get rid of the interference. Then, the received
frame is demodulated with log likelihood ratio (LLR) soft
demodulator. The general LLR equation is given by [23]

LLROX() = In(LC D=0,
P(X(j) = 1Y)

where X is the constellation point, Y is the received signal
and X(j) is the j-th bit of X. For MISO-ZF based detection
with fading channel, the LLR value of the j-th bit in the
k-th user can be approximated as [24]

(20)

bk ar|

Yae 5 EXP(= Vi)
> orer; OXP(—

where a, represents the 7-th signal constellation, and le and

LLR§,’2 ~ In (21)

D/k a‘(|

Vi)

on denote the subsets of the constellation candidates whose
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j-th bitis 1 and 0, respectively. o,,% is the instantaneous noise
variance and yy is the effective channel gain of the k-th user
which can be represented by

1

e 22
[, 22

Yk =
After LLR stage, the demodulated frame enters to the LDPC
and BCH decoders, respectively. Finally, the message signal
will be reconstructed and the error performance is calculated
by dividing the number of error bits to the total number of the
transmitted bits.

Ill. THE PROPOSED MU-MISO-DVB-S2X

The proposed system model is introduced in Algorithm 2.
In this algorithm, after generating the superframe in the first
step, we design the rainy fading channel for all the users K
based on each user parameters, i.e., the distance, rain attenu-
ation value and the beam gain in order to determine the user
channel vector hy. Then, the user scheduling is done to select
the strongest users’ channels. In this paper, SUS user schedul-
ing is adopted [11], which proved to give an asymptotic
optimal sum-rate performance [25]. First, we initialize the
scheduled users set A ;s = . Then, the first user is selected
based on the maximum channel quality ||hi||2, whether the
rest users’ selection depends on maximum semiorthogonal-
ity ||gk||2. After N, user selection, ZF beams are generated
based on the channels of selected users. The received signal
is filtered with SRRC filter and demodulated using LLR
demodulator in order to be decoded using LDPC and BCH
decoders to reconstruct the BBFRAME. Finally, the BER
performance is calculated.

IV. RESULTS AND DISCUSSION

In this section, simulations are conducted to assess the per-
formance of the proposed models in terms of BER versus
Es/N,'(dB), where E; is the average energy per transmitted
symbol, N, is the noise power spectral density. We con-
sider fixed terminals for multibeam satellite system with the
detailed parameters listed in Table 4.

The rain has a major effect on the satellite fading chan-
nel, especially when the system works at a high frequency,
such as the Ka-band. By taking into account the difference
between the world regions weather conditions, two different
regions are considered in this paper to model the satellite

lEx /N, is considered by ETSI standard of DVB-S2X [3] for error perfor-
mace and it is adopted here. Es/No(dB) = Ep/Ny(dB) + 10logo(N) and
N = logy (M.R.), where E}, is the energy per transmitted bit, M is the
modulation order and R, is the code rate.
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Algorithm 1 Superframe Design for DVB-S2X System

Algorithm 2 Proposed MU-MISO-DVB-S2X System Model

1:
2:
3:

Select the required FEC code rate.

Generate BBFRAME message m € {1, 0} 1 xkben

Obtain the output codeword of BCH encoderc = [ md ]
where d is the reminder which is calculated as [3]

d(x) = dppeh—iheh—1 X"y v dix4dy,  (6)

: Generate the sparse parity matrix Q

Q(nldpc —Kidpe) X idpe = [A (Midpe —Kidpe) % kldperldpc XNdpc ] ’ (7)

: Initialize the parity bits as

0 =21 =" = Ingpe—kigpe—1 = 05 (8)
: forVie {1, ... kigpe — 1} do
1) Update the parity bits z;
G =z®c, )
2) Update j according to g
j=@+i mod 360x¢q mod (ngpe —kigpd), (10)
: end for

8: Calculate the parity bits as:

14:

18:
19:

: for Vi e {1, v ooy Midpe — kidpe — 1)} do

(1)

i =2 +2Zi-1,

. end for
11:

Interleave the FECFRAME with interleaver based on

modulation order M = {2, 4, 8, 16, 32, 64, 128, 256}
n =logy M, (12)

where 7 represents the No. of columns

: Map the interleaved FECFRAME into constellation.
13:

Generate pilot fields p using WH sequence of size 32 bits
and padding of size 4 bits as

P = [ P32 Ppading | (13)
forvie{l,...,L}do
startpijor—field (i) = 1665 4+ (i — 1 x 956),  (14)
1) Appendp
: end for

: Generate 2" type of pilots feilds p2 as
forVie{l,...,v}do

D pi = foin(i, ¥)
2) P, = fimod(p;,m")
where m’ represents the chosen MODCOD
end for
Add SOSF, SFFI and Dummy symbols to the bundled
PLFrames to create superframe with size 612540 bits.

fading channel: the tropical area which suffers from severe
weather conditions and heavy rainfall and the temperate area
to represent the light rainfall. A comparison between these
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1:
2:
3:

Generate Superframe SF using Algorithm 1.
Design the Rainy Fading Channel Model for each user
forVk € {1,...,K} do
1) Calculate the rain fading coefficients h for user k
according to (16)
2) Compute the free space losses by, for each user k
using (17)
3) Design the multibeam gain matrix using (18)
4) Determine the channel vector A for user k according
to (19)

4: end for.

10:
11:
: Demodulate the received signal using (21)
13:

14:

Schedule N; users set U = {1,...,K}, Ay = { and
k = 1, using SUS and select the first user in user group
Az from the initial user set U by using this criterion:

Ay (1) = argmax (Jil)
Ay < Ay U {Azf(l)}
k< k+1

(23)

Calculate the subspace semiorthognal component g; for
the remaining users set Cy = U — Ay as

k—1 hig*~

=1 lgol
Find the k™ user, from the user set Cy as
2 .
Aqy(k) = argmax (Hgi || ) . ieCn  (25)
1
Ay < Ay U {Azf(k)}
Update the user set Cy41 as:
hig*
Cipt = 1i € Chui# Ayk), —— 22— <at, (26)
' IRl 18l

where a € [0, 1] is the correlation factor used to test the
orthognality between users’ channels and we set it a =
0.3 [11].

k<—k+1

If k < N, then go to 6. Otherwise, users scheduling is
completed.

Generate ZFBF matrix W = {wi, w2, ..., wy,}.

Apply baseband filtering with rolloff factor 20%

Decode the received SF using LDPC and BCH decoders
in order to remove the parity bits and reconstruct the
BBFRAME.

Calculate the BER performance.

two regions is introduced in this paper in order to analyze the
BER performance of the multibeam multi-user MISO system
using different fading channels.
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TABLE 4. System parameters.

Parameter Value
Orbit GEO , dp = 35788Km
Frequency Band Ka-band f = 20GHz
No. of beams 2,4
Boltzmann constant 1.38 x 10~23)/m
Noise Bandwidth 50 MHz
Satellite antenna gain Gs = 52dBi
User terminal antenna gain G = 41.7dBi
Clear sky temperture 207°K
3 dB angle 04 =0.4
Elevation angle 45°
Rician factor Kr=38
120 &
S S < = 20 GHz Penang - Malaysia
So == 20 GHz Athens - Greece
S = = 30 GHz Penang - Malaysia
100 - AN = = 30 GHz Athens - Greece
N
— ‘:\\ The effective rain
% 80 [ S attenuation values 4
=
i<l Tropical Channel
[
3 4
=
2
<
c
‘©
o

0
1078 1072 107 10°
Percentage of time (%)

FIGURE 3. The rain attenuation for two cities: Athens and Penang.

Based on ITU-R, the effective rainy time percentage of a
year is less than 1% (P < 1%). However, the heavy rainfall
that causes a serious problem to the received signal quality
is usually happening in 0.01% of the year time. Therefore,
the 0.01% of the annual period of time is the typical percent-
age when analyzing the effect of heavy or highly effective
rain attenuation, particularly in Ku and Ka bands [9], [17]. For
this reason, this percentage at P = 0.01% is considered for
effective rain attenuation values in our simulation as shown
in Fig. (3). The figure also shows the rain attenuation at the
effective rainy percentage of the annual time P < 1%, for
both cities: Athens and Penang with two frequencies, 20 GHz
and 30 GHz, in order to show the effect of increasing the
frequency on the rain attenuation values. The rain attenuation
values at all the rainy percentages of time are obtained using
the ITU-R rain attenuation prediction model based on the
rainfall rates shown in Table 3. It is clear that the rain attenu-
ation for the tropical city is much higher for both frequencies
than the temperate city attenuation values. This is owing to the
fact that tropical areas suffer from worse climatic conditions
than the temperate areas.
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A. SATELLITE FADING CHANNEL VS. OTHER CHANNELS
The most important factor affects the BER performance is
the atmospheric impairments. Fig. (4) shows a comparision
between four types of channels in order to show the effect
of fading channel comparing with other kind of channels.
In addition, Fig. (4) shows the BER performance of QPSK
11/20 MODCOD using AWGN channel and Rician channel.
Basically, AWGN channel gives the best performance among
other channels. Fig. (4) also shows the BER performance for
two fading channels, the temperate fading channel in which
the rain rate of Athens, a city in Greece, is used. Temperate
fading channel shows a better performance than the tropical
fading channel in which the rain rate of Malaysian city,
Penang, is used as an example for a tropical region that gives
the worst behavior among all channels because of the high
rain rates and its worse weather conditions in the area.

4 =—©— Rician Channel - Kr=8
== AWGN Channel

=€~ Fading Channel - Greece
—a— Fading Channel - Malaysia

BER

0 5 10 15 20 25 30 35 40 45 50
E_/N_(dB)
S o]

FIGURE 4. BER performance for QPSK 11/20 MODCOD using different
channels.

B. KA BAND VS. KU BAND

Another factor that affects the BER performance in satellite
fading channel is frequency. Although increasing the fre-
quency offers higher data rates, it also causes system perfor-
mance degradation due to the rise in atmospheric impairments
that the channel suffers from in high frequencies. Fig. (5)
shows the BER performance for QPSK 11/20 MODCOD
using tropical and temperate fading channels for three dif-
ferent frequencies. The error rates for all frequencies using
tropical channel are higher than values that achieved using
a temperate channel. This is because of the high fading that
tropical channel suffers from compared with the temperate
channel.

The lowest frequency f = 12 GHz gives the best per-
formance in both channels and achieves BER = 10~¢ with
Es/N, = 12 dB and E;/N, = 25 dB for temperate and trop-
ical channels, respectively. While in the second frequency
f =20 GHz error probability becomes worse as we get the
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FIGURE 5. BER performance for QPSK 11/20 MODCOD for different
frequency values using tropical and temperate fading channels.

same BER value with higher Es /N, equals to E5/N, = 52 dB
for tropical channel and E;/N, =22 dB for the temper-
ate channel. The worst BER is come by the highest fre-
quency f = 30 GHz, and the same BER value required a
very high E;/N, value greater than 90 dB for the tropical
channel, but for the temperate channel, E;/N, value equals to
Es/N, =35 dB.

C. ELEVATION ANGLE EFFECT ON BER PERFORMANCE
The effect of the elevation angle on the system performance is
shown in Fig. (6). Since the rain attenuation value depends on
the elevation angle of the earth terminal antenna, increasing
the elevation angle means reducing the length of the path
that the signal propagates through which in turn decreases the
rain attenuation values and leads to better BER performance.
As the figure shows, two types of MODCODs are used
16APSK 130/180 and 128 APSK 135/180 using temperate
and tropical fading channels. The increment in the elevation
angle gives a lower error rate in both MODCODs for the
same E/N,.

D. SCHEDULING IN HIGH FADING SATTELITE

CHANNEL: SCENARIO 1

High fading channel (tropical channel) is used in this sce-
nario in order to analyze the BER performance of the multi-
beam MISO DVB-S2X system, taking into account the ZFBF
receiver and SUS scheduler. The tropical fading channel
model is designed based on real measured rain data for a
tropical city (Penang-Malaysia) to analyze the effect of high
fading, that the tropical areas suffer from, on BER perfor-
mance of DVB-S2X MODCODs. A scheduler is used in
our proposed system model in order to analyze the effect
of scheduling on BER performance. The BER performance
of 2 x 2 MISO DVB-S2X system for different MODCODs
using a tropical fading channel is shown in Fig. (7). The result
shows enhancement in BER performance for all MODCODs
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FIGURE 6. BER performance with different values of Elevation angle (¢)
using temperate and tropical Fading channels with Es/No = 20 dB.

when comparing the system with and without scheduling.
It can be declared that the BER decreases after employing
the scheduling technique. The effect of the number of users
on scheduling is also considered in this work. Fig. (7) also
shows a comparison between two number of users 20 and 6,
and we can see as the number of users goes higher, the BER
performance decrease respectively, this is because increasing
the number of users gives more tolerance for the scheduler to
choose the best users with the best channel quality. Fig. (7) (a)
shows that the E;/N, value for QPSK 11/20 MODCQOD is
E;/N, = 50 dB for the MISO system without scheduling to
achieve BER = 107>. This value decreases to lower than
half E;/N, = 23 dB to get the same error performance
after applying scheduling in the system with a total number
of users equals to 6 users. E;/N, value decreases more to
reach Es/N, = 18 dB when the number of users increases
to 20 user. The same results are shown in Fig. (7) (b,c,d)
for different MODCODs. E;/N,, values for the MISO system
without scheduling is E;/N, = 52 dB for 16APSK and
Es;/N, = 54 dB for 128APSK and E;/N, = 56 dB for
256APSK, which is the highest MODCOD in DVB-S2X
system, to achieve BER = 107>, These values decrease after
applying scheduling with a total number of users equal to
K= 6 users in the MISO system, and the same error rate
is achieved with lowest E;/N, = 28 dB, Es/N, = 32 dB
and Es/N, = 35 dB for 16APSK, 128 APSK and 256APSK,
respectively. With K= 20 user, the multi-user diversity gain
increased, and hence the system performance is enhanced.
Therefore, a BER = 10~> can be obtained with Es/N, =
20 dB, E;/N, = 25 dB and E;/N, = 27.5 dB for 16APSK,
128APSK and 256APSK, respectively.

E. SCHEDULING IN LOW FADING SATTELITE

CHANNEL: SCENARIO 2

A low fading satellite channel (temperate channel) is
designed and used in this scenario in order to test the BER
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FIGURE 7. BER performances in tropical fading channel with and without scheduling for different MODCODs: (a) QPSK with code rate 11/20
(b) 16APSK with code rate 130/180 (c) 128APSK with code rate 135/180 (d) 256APSK with code rate 128/180.

performance of the multibeam MISO DVB-S2X system with
this channel taking into account ZFBF and SUS scheduler.
The rain rate of the temperate city (Athens-Greece) is used
to design the temperate fading channel. Fig. (8) shows the
BER performance for different DVB-S2X MODCODs 8PSK,
32APSK, 64APSK, and 256 APSK with code rate 23/36, 7/9,
132/180, and 128/180. The result shows a huge enhancement
in error rates when applying scheduling to the system for
both numbers of users 6 and 20 users. Fig. (8) (a) represents
2 x 2 MISO DVB-S82X system with 8PSK MODCOD. The
Eg/N, value need to get error rate BER = 107 is Eg/N, =
23 dB, while this value reduced to E;/N, = 9 dB after
applying scheduling with 6 users only and it is reduced more
to Eg/N, = 4 dB with 20 user. The same results for Fig. (8)
(b,c,d) in which the Es/N, values for the system without
scheduling are E;/N, = 25,27 and 33 dB to achieve BER =
1073 for 32APSK, 64APSK, and 256APSK respectively.
After applying scheduling for 6 users, we observe the same
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BER with lower Es/N, values equals to Es/N, = 11, 12.5,
and 15 dB, and it is reduced more with 20 users scheduling to
Es/N, = 6,7.5 and 8 dB. In order to show the effect of heavy
fading, a comparison between Fig. (7) (d) from scenario 1
and Fig. (8) (d) from scenario 2 for the same MODCOD
256APSK. It is clear that the BER performance for tropical
fading channel is much worse than temperate fading channel
for the same MODCOD, we can see that in scenario 1 to get
BER = 1072 itis required E; /N, = 56 dB while in scenario 2
it is required approximately half the value E;/N, = 33 dB to
get the same error rate.

In Fig. (9), the BER performance is tested with different
numbers of transmit antennas N;. It is clear that the BER
performance, for both channels, became worse as the number
of transmit antennas increased from 2 to 4. This degradation
is caused by the decrement in multi-user diversity gain with
increasing the number of transmit antennas N;. Furthermore,
this degradation is less with 20 users compared to that of 6
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FIGURE 8. BER performances in temperate fading channel with and without scheduling for different MODCODs: (a) 8PSK with
code rate 23/36 (b) 32APSK with code rate 140/180 (c) 64APSK with code rate 132/180 (d) 256APSK with code rate 128/180.
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FIGURE 9. The effect of increasing the number of transmit antennas on
BER performance for QPSK 11/20 MODCOD in tropical and temperate
regions.

users, as the multi-user diversity gain for 20 users is higher
than that of 6 users. For example, in tropical channel, the BER
performance at 10~ with N; = 4 is worse with around 3 dB
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compared to that with N; = 2 antennas when the scheduling
is done between 20 user. On the other hand, the difference
is increased to 6 dB when the scheduling is done between
6 users only.

V. CONCLUSION

This paper considered the effect of rainy fading channels
on BER performance of DVB-S2X system in tropical and
temperate areas. A model for rainy satellite fading channel is
designed using real measured rain rate data from the tropical
city with a very high rain rate in order to evaluate the effect of
heavy fading on DVB-S2X system performance in terms of
bit error rate using Ka frequency. The rain rate data of temper-
ate city is used to design the low fading channel in this work
to compare between these two channels with different fading
levels on the error rates of the system. We considered user
scheduling as a solution to reduce the effect of heavy fading
on BER performance by exploiting multi-user diversity. The
results show that the effect of scheduling is enormous on BER
performance for all MODCODs in both types of channels.
Finally, the results verified that our proposed system could
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significantly improve the BER performance of DVB-S2X
system in heavy and low fading channels. Since we assume
perfect CSI at the gateway terminal in this paper, future work
includes the study of channel estimation techniques using the
non-precoded pilots p that included in the superframe.
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