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ABSTRACT

Here we study bandwidth efficiency by understanding the relationship between signal attenu-
ation and adaptive code modulation (ACM) schemes in Digital Video Broadcasting-Satellite
Second Generation (DVB-S2). Then we apply the measured W/V band channel attenuation
cumulative distribution function to find the bandwidth efficiency of the channel. In the DVB-
S2 model, we utilize the modulation schemes quadrature phase-shift keying (QPSK), 8-ary
phase-shift keying (8PSK), 16-ary Amplitude phase-shift keying (16APSK), 32-ary amplitude
phase-shift keying (32APSK), forward error-correction coding, (FEC) Bose-Chaudhuri-Hoc-
quenghem (BCH), and low-density parity-check (LDPC) code.

vii



TABLE OF CONTENTS

Chapter Page
1 INTRODUCTION 1
2 SYSTEM MODEL 3
3 SIMULATIONS 12
4 CONCLUSION 14
5 ACKNOWLEDGEMENT 15
BIBLIOGRAPHY 16
APPENDIXES 18

A. TABLES 19

B. FIGURES 28

C. SOURCE CODE 30

viii



LIST OF FIGURES

Figure Page
1 W/V-Band Weather Attenuation Scenario [3], [5]. 1
2 Measured Received Power (dBm) vs Time. 2
3 DVB-S2 MATLAB flow diagram. 4
4 Exceedance Probability vs Receive Measured Power in dBm. )
5 CDF Fx(z) of Attenuation Random Variable X in dB. 6
6  Cumulative Distribution Function vs Attenuation in dB. 9
7 Probability Mass Function vs Attenuation z;. 10
8  Cumulative Distribution Function vs Attenuation x;. 10
9 DVB-S2 with QPSK at Different Code Rates under AWGN. 28
10 DVB-S2 with 8PSK at Different Code Rates under AWGN. 28
11 DVB-S2 with 16APSK at Different Code Rates under AWGN. 29

12 DVB-S2 with 32APSK at Different Code Rates under AWGN. 29



LIST OF SYMBOLS

ACM Adaptive Code Modulation

DVB-52 Digital VideoBroadcasting - Satellite - Second Generation
QPSK quadrature phase-shift keying

8PSK 8-ary phase-shift keying

16APSK 16-ary amplitude phase-shift keying

32APSK 32-ary amplitude phase-shift keying

FEC forward error-correction coding

BCH Bose-Chaudhuri-Hocquenghem

LDPC low-density parity-check

BW bandwidth

BWE bandwidth efficiency

R, code rate

CDF Cumulative Distribution Function

BER bit error rate

Ey/Ny energy per bit to noise power spectral density ratio
Es/Ny energy per symbol to noise power spectral density ratio
1 Adaptive Code Modulation index

T, attenuation index

Di probability mass function of index

n Bandwidth Efficiency



CHAPTER 1

INTRODUCTION

New algorithm strategies and diverse communication techniques are constantly emerging
in the telecommunications realm that consumers, commercial, government, and military
demand to push the boundaries of data throughput to receive information as quickly as
possible. With an interest in satellite communications, recently the W/V band channel has
been studied under various weather and atmospheric conditions [3|, [5]. In the experiments
of Hong et al., in Albuquerque, New Mexico, USA [3], two pairs of W and V satellite dish
transmit (TX) and receive (RX) antennas using 72 and 84 GHz were separated by a distance
of 23.6 km to measure the channel attenuation due to the size of rain drops. Refer to Fig.
1. These W/V band rain attenuation measurements to find the bandwidth efficiency for
each adaptive code modulation (ACM) and forward error correction (FEC) code rate R.
(i.e., ratio of the number of information bits over channel coded bits). Fig. 2, shows a
graph of the portion of received power samples in dBm over time. Red portions of the graph
indicates where measurements were not taken due to system maintenance, while the blue

portions show the actual measurement values.

Altitude (m)
Albuquerque 3,249 m- ———
Airport i Transmitter J

__—"f| sandia Mountain
— |
|

S N
2,700 m - / :'f
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0km 5km 10 km 15 km 20 km 23.5km

Figure 1: W/V-Band Weather Attenuation Scenario [3], [5].
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Figure 2: Measured Received Power (dBm) vs Time.

In this paper, we will simulate communication data on the Digital Video Broadcasting-
Second Generation (DVB-S2)[1], which includes forward error correction (FEC) coding Bose-
Chaudhuri-Hocquenghem (BCH) code, and low-density parity-check (LDPC) code [4], [2],
in order to understand the relationship between attenuation from these weather modeling
data and the bandwidth efficiency for each modulation scheme, such as, quadrature phase-
shift keying (QPSK), 8-ary phase shift-keying (8PSK),16-ary amplitude phase-shift keying
(16APSK), 32-ary amplitude phase-shift keying (32APSK); as well as different code rates
under the DVB-S2 model illustrated in Table 1.

Then we convert the exceedance probability of the measured receive power in dBm into the
cumulative distribution function (CDF) of the attenuation in dB for the W/V band channel
to find the bandwidth efficiency 7; (bits/s/Hz). We apply the CDF of the attenuation to
compute the W/V band link bandwidth efficiency by considering four different operating
signal-to-noise ratios (SNRs) in dB at which the highest ACM mode can start transmission
with bit error rate (BER) P, < 107°. When we observe bad weather, the W/V band channel
is worse with a nonzero attenuation in dB. The BER will result in P, > 107°, then the next

lower ACM mode satisfying P, < 107° will transmit data.



CHAPTER 2

SYSTEM MODEL

The basis of the MATLAB source code came from MathWorks®) “DVB-S.2 Link, including
LDPC Coding” 6], which was provided online as a demo. The MATLAB code is modified
for this study to run for each adaptive code modulation (ACM) methods (see Table I) and
various frame sizes for the input values. In the DVB-S2 system functional block diagram [1],
there are two sources of streams, single input stream and multiple input streams. MATLAB’s
algorithm was designed to analyze the single input stream for simulation simplicity. Also in
the algorithm, the ACM modes 8PSK, 16APSK, and 32APSK did not use all eleven code

rates.

Table 1: ACM modes and Code Rate.

Adaptive
Code Code Rate (R.)
Modulation
11213234518 9
QPSK 17 §7 37 57 57 ga 17 57 67 §’TO
323458 9
PSK | =, = - =, =, = —
8PS 53745767910
2 3 45 8 9
16APSK | = -, =, =, — —
GAPS 374567910
32APSK 34589
4°5°6°9 10

The block diagram for the algorithm is shown in Fig. 3. The algorithm begins by
generating a sequence of bits to form a data set to build a packet. The BBFrame will assemble
the bits into data packets per frame. Then the packet will be forwarded for encoding by

using the BCH and LDPC encoding algorithms. Once encoded, the packet will enter into



the interleaver block to convert the encoded bit stream into a memoryless one. The data
will be modulated according to the user’s parameters, such as QPSK, 8PSK, 16APSK, and
32APSK, once the packet exits the interleaver block. The transmitted signal will then pass
through the additive white Gaussian noise (AWGN) channel. The post AWGN received
signal will be demodulated, deinterleaved, and decoded. The symbol energy to noise power
spectral density ratio (E,/Ny) in decibels (dB) will be measured at P, = 107°. Finally, the
data will be put into the BBFrame to assemble the data back together in sequence. The
algorithm will run at 50 iterations at each ACM mode to obtain an average measured E/Ny
and the BER at each point until we reach past 107°. Figs. 9 to 12 in the Appendix show
simulation BER vs E;/Nj results for each ACM mode.

DVB-S.2 Link, Including LDPC Coding

BBFrame BCH LDPC Interleaver Adaptive
Buffering Encoding Encoding Modulator |

Data Transmission

Packet
Generator

o esared i
Rate Error Rate Measured Es/N;
dB]
(PER) (BER) (dB)

Data Received

BBFrame BCH LDPC Deinterleaver
Buffering Decoding Decoding Demodulator

Figure 3: DVB-S2 MATLAB flow diagram.

Each ACM mode is ranked from the highest E,/N, to the lowest required at B, = 107°.
There are 29 different ACM modes in the DVB-S2. The highest ACM mode will be assigned
to ACM mode index i = 0, and the next highest ACM mode will be indexed 7 + 1 until we
reach ¢ = 28. Refer to the columns of Table 2 in the Appendix. The bandwidth efficiency
(BWE) 71, of ACM mode i is

i = Re(i) logaM (i) (bits/s/Hz) (1)



where R.(i) and M (i) are, respectively, the i-th ACM mode’s code rate in Table 1 and the
number of constellation points, e.g., M (i) = 4,8,16,32 for QPSK, 8PSK, 16APSK, and
32APSK, respectively.

0.8
0.6
04 r

0.2 |

o

-40 -60 -80 -100 -120
Received Measured Power (Prx = p (dBm))

Exceedance Probability (Pgrx > p (dBm))

Figure 4: Exceedance Probability vs Receive Measured Power in dBm.

Fig. 4 shows the exceedance probability, i.e., Pr versus the received measured power
random variable Prx in dBm for the W/V-band terrestrial link experiment (WTLE) link
based on measurement data for the period of 2019 at the Air Force Research Laboratory
[3], [5]- The received measured power data are also listed in Table 3 in the Appendix.
The received measured power random variable Py (dBm) in the horizontal axis of Fig. 4
can be converted to attenuation random variable X in dB. The —40 dBm and —118 dBm
received measured power correspond to 0 dB and 78 dB attenuation, respectively, from the
Prx = —40 dBm, respectively. The range of probability is between 0 and 1 for the range of

attenuation X between 0 dB and 78 dB. Hence, we can use a relation

X = —Ppx — 40 (2)

Also, the exceedance probability in the vertical axis of Fig. 4 can be changed to the CDF of

the attenuation random variable X in dB, i.e.. Fig. 5 shows the corresponding CDF of the



attenuation random variable X in dB.
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Figure 5: CDF Fx(z) of Attenuation Random Variable X in dB.

Before we can apply the CDF of the attenuation in dB in Fig. 5, we compute the difference
of the required F,/Ny at P, = 107° between the ACM mode i and i + 1, except for ACM

mode ¢ = 0, using the third column of Table 2, and list them in the fifth column.

A(Es/No)i = (Es/No)i — (Es/No)it1- (3)

The fourth column of Table 2 lists BWE 7,. If the received SNR through the W/V band link
attenuation is between (Es/Ny);11 and (E/Np);, then it would be better to use ACM mode
j to maximize the BWE because an ACM mode with a lower mode index yields a higher
BWE, as shown in the fourth column of Table 3. Therefore, the transmitter will use ACM

mode ¢ for ¢ that satisfies the following relation:

iA(ES/NO)n < X < iA(Es/NO)n (4)

where X is the attenuation random variable in dB and A(Es/Ny) is defined in equation 3.
The CDF in Fig. 5 also provides important information on the probability p;, with which

the ACM mode 7 is being used, as



for j =i =0,...,28. This is because the ACM mode i will be selected if the attenuation
random variable X satisfies (??7). Recall that ACM mode 0 has the highest BWE.

In a typical satellite communication, a link margin (dB) has been included for the transmit
signal power calculation so that the system can tolerate an additional link margin (dB) of
attenuation between the transmitter and the receiver.

We will consider four cases A, B, C, and D for four different nominal operation attenua-
tions X,,: 0dB, 10 dB, 28 dB, and 78 dB, respectively. Other nominal operating attenuations
can be used depending on the system design. For each nominal attenuation operating case,
we assume that the highest ACM mode 32APSK(9/10) can still maintain P, < 107, i.e.,
the received E;/Ny = 15.799 dB. This is feasible if the link margin is sufficient. If there
is further attenuation in dB from the nominal operating attenuation X,, dB, then a lower
ACM mode that satisfies the required P, < 107 for the first time will be used. The nominal

operating attenuation X,, is determined as

(Es/No)izo = 15.799 dB = Link Margin — X,, (dB) (6)

for a given link margin. As the W/V channel introduces further attenuation of X = x dB

from the nominal operating attenuation X,,, the next best ACM mode ¢ will be selected as

(Es/No)i=o = (Es/No)i + x (dB) (7)

out of 7 = 0,...,28. Since the link margin is pre-determined by the system, we can find the
best ACM mode ¢ that closely satisfies (E;/Ny); in (7) by searching for x; in Table 2.

For example, if the W/V band communication link is pre-designed with X,, = 10 dB,
then the Link Margin = 15.799+ 10 = 25.799 dB from (6) and Table 2. The corresponding
nominal operating received power will be Prx = —50 dBm in Table 3 because the link margin

will be used to compensate for the channel nominal attenuation loss of X = —Prx —40 = 10



dB. The highest mode 32APSK(9/10) in Table 2 will be transmitted at the nominal operating
attenuation X,, = Link Margin — (Es/N;—y)o dB, with probability

po = Fx(x = X,, = Link Margin — (Es/Ny)i—o) (8)

where (E,/Np); is the required SNR at B, = 107 for ACM mode i listed in Table 2. Then
the next highest ACM 32APSK(8/9) mode will be transmitted with probability

p1 = Fx(Link Margin — (Es/No)1)

—Fx(Link Margin — (Es/Ny)o)

= Fx(10.3 dB) — Fx(10 dB) ~ 0.79 — 0.74 = 0.05 (9)

for ¢ = 1 from Table 4. The other incremental probability is computed as

pi = Fx(Link Margin — (Es/Ny);)

—Fx(Link Margin — (Es/No)i—1) (10)

for i =1,...,27. The lowest ACM mode 28 will be used with probability

pas =1 — Fx((Es/No)as — (Es/No)o) = 1 — Fx(18.552)

~1-0.97 = 0.03. (11)

If the nominal operating attenuation X,, is 0 dB, then (£, /Ny);—o = Link Margin—X,, =
15.799 dB from (6), and the corresponding nominal operating received power will be at

p = —40 dBm in Table 3. The highest ACM mode 32APSK(9/10) will be transmitted at the

8



nominal operating attenuation X,, = 0 dB, i.e., the received power at Prx = —40 dBm. We
can repeat this procedure to find the probability of ACM mode ¢ being used for any given
Xop-
If further channel attenuation due to bad weather is larger than 0 dB but smaller than
the difference (Es/Np)i—o — (Es/No)i=os = 18.372 dB (i.e., difference between highest and
lowest ACM mode in column 3 of Table 2), then there exists an ACM mode with P, < 107°.
Since Fx(z) is available for any x from the WTLE measured attenuation Table 4 in the

Appendix, we can find p; in (5). For an explanation, Fig. 6 shows the sketch of CDF Fy(z;)

for attenuation X = x; dB assuming X,, = 0 dB, and the corresponding probability p;.

P2s F(x), CDF
P27 A
1
P2
P1
Po * “““““““
B T ..27 -
Xo X1 X2 .. X27 X28

x; Attenuation (dB)

Figure 6: Cumulative Distribution Function vs Attenuation in dB.

The true p; and Fy(x;) are shown in Figs. 7 and 8 for four cases A, B, C, and D of
Xop = 0, 10, 28, and 78 dB, respectively. Furthermore, Tables 4, 5, 6, and 7, list ¢, p;, 7,
pi - mi, for cases A, B, C, and D, respectively, which correspond to Figs. 7 and 8.

After we find p; for all ACM modes for each case (or link margin), we multiply the
bandwidth efficiency in (1) with probability p; to find the average BWE as



1 T T T °_‘
0.8 1
@] Q
@)
o 0.6 | -0 Case A pdf at 0 dB 1
- =0 Case B pdf at 10 dB
<a§ Case C pdf at 28 dB
204 ¢ —© Case D pdf at 78 dB i
o
g 0.2 - |
0 Bl -
0 20 40 60 80
X. (dB)
Figure 7: Probability Mass Function vs Attenuation x;.
1 i
o 0.8 | .
@)
moe6 ——Case A CDF at 0 dB |
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a
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O L L 1
0 20 40 60 80

X, (dB)

Figure 8: Cumulative Distribution Function vs Attenuation x;.
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Ely) = EIBWE) =3 ni (12)

Then, we multiply (1— P;) to E[n] in (12), where P, < 107 to find an average of throughput
BWE as

E[Throughput BWE] = (1 — P,)En] bits/s/Hz. (13)

The average throughput BWE will include all the data that will flows through the link such
as, data packet, packet headers, protocol overhead, and other data that is associated to the
transmission packet. Finally, each of the W-band and the V-band channels have contiguous
BW =5 GHz, and the W- and V-bands occupy 81 — 86 GHz and 71 — 76 GHz frequency
bands, respectively. Hence, we multiply the BW = 5 GHz to the throughput BWE in (13)

to find the average throughput as

E[Throughput] = BW E[Throughput Rate] (bits/s). (14)

11



CHAPTER 3

SIMULATIONS

Each ACM mode and code rate was simulated to achieve a BER lower than 10~°. Then
the results were graphed for each ACM mode. Refer to Figs. 9-12 in the Appendix. The
bandwidth efficiencies and differences in Es/Ny were also listed and related to the CDF
Fx(z) = Pr(X < x) of attenuation random variable X. Each AC'M; mode was ranked from
the highest required E;/Ny ACM mode of i = 0 at P, < 10~° to the lowest for ACM mode
of 1 = 28 in Table 2. The highest ACM mode was 32APSK at code rate 9/10, and the lowest
was QPSK at code rate 1/4. Typically, a higher ACM mode requires a higher cost, i.e., a
higher SNR E, /Ny to achieve P, < 1077, even though it shows a higher BWE. Hence, it will
be desirable to transmit the highest ACM mode 32APSK(9/10) at the nominal operating
attenuation X,, under a clear weather condition. Then, for further attenuation from X,,
due to rain, a next highest ACM mode is desirable to be transmitted with P, < 1075.

Four cases are considered in this bandwidth efficiency computation. Case A begins at the
highest received measured power —40 dBm (i.e., X,, = 0 dB), Case B begins at —50 dBm
(i.e., X,p = 10 dB), Case C begins at —68 dBm (i.e., X,, = 28 dB), and Case D begins at
—118 dBm (i.e., X,, = 78 dB).

The probability mass function (pmf) in Fig. 7 versus the further attenuation z; from =y,
shows us the probability of each ACM mode ¢ being used. This further attenuation z; can
be computed using x; — xg = (E;/No)o — (Es/No); and xy = X,p, and is associated with
the ACM; mode. For example, in Case A, zg = X,, = 0 dB and zjo1 — x¢ = (E,/No)o —
(Es/No)i=1 = 0.3 dB from Table 2. Hence, z;—; = ¢ + 0.3 dB = 0.3 dB. Observe in Fig. 7
for Cases B, C, and D that the largest spike in pmf is occurs at ACM mode 32APSK 9/10,
which is the highest ranked mode according to Table 2. As we increase attenuation further,
we also increase the rank of the ACM; mode further.

For Case A, the 8PSK at code rate 5/6 has the highest probability of 0.360763983 and we

12



would use the ACM mode ¢ = 12 when we see a received measured power at —40— (xo—x;=12)
dBm for the nominal attenuation X,, = 0 dB). Refer to Table 4: Case A.

In Case B, we adjusted the nominal operating attenuation to X,, = 10 dB, corresponding
to the nominal received measured power at —50 dBm from p = —x — 40 dBm, and we found
that the ACM mode 32APSK at code rate 9/10 had the highest probability of 0.738548604.
Refer to Table 5: Case B. Our data also showed that the bandwidth efficiency 7; x p; was
the highest at the ACM mode 32APSK(9/10).

In Case C, we set the nominal operating attenuation value at X,, = 28 dB and found that
the ACM mode 32APSK(9/10) had the highest probability at 0.99026538. Refer to Table 6:
Case C.

In Case D, we set the nominal operating attenuation value at X,, = 78 dB and found
that the ACM mode 32APSK(9/10) had the highest probability at 1. Refer to Table 7: Case
D.

Fig. 8 is the corresponding CDF of attenuation x; in dB to show that when we add up all
the pmfs for each ACM mode, the sum should equal 1. The attenuation index range could
be used as a sliding rule along the CDF attenuation curve in Fig. 4 and the pmf for each
ACM mode can be quickly calculated to find the highest probability to change the ACM to
achieve the best bandwidth efficiency.

In Table 8, we show the average throughput for each case in (Mbits/s) highest probability
ACM mode and R.. We found that the higher link margin yields a higher throughput, or
higher BWE.

13



CHAPTER 4

CONCLUSION

We found the bandwidth efficiency of the W/V band channel by utilizing the exceedance
probability of the received measured W/V band channel power in dBm and DVB-S2 ACM
modes. The channel bandwidth efficiency was obtained by adapting to the changes in the
signal attenuation and finding the best ACM mode to achieve higher throughput. The higher

link margin will yield a higher bandwidth efficiency.

14
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Table 2: Required (Es/Np); at BER P, = 10~° and Bandwidth Efficiency (BWE) ;.

APPENDIX A

Required A(Es/No); =
Mode ACM (Es/No); 7 = (Es/No)i—
Index Mode (dB) at R logaM (i) | (Es/No)it1
i i P,=10"° | (bit/s/Hz) (dB)
28 QPSK 1/4 -2.573 0.500 1.2080
27 QPSK 1/3 -1.365 0.667 0.8380
26 QPSK 2/5 -0.527 0.800 1.3920
25 QPSK 1/2 0.865 1.000 1.2270
24 QPSK 3/5 2.092 1.200 0.8920
23 QPSK 2/3 2.984 1.333 0.9810
22 QPSK 3/4 3.965 1.500 0.6140
21 QPSK 4/5 4.579 1.600 0.5060
20 QPSK 5/6 5.085 1.667 0.3000
18 QPSK 8/9 6.155 1.778 0.1700
17 QPSK 9/10 6.325 1.800 0.1250

| 6 | 32APSK 3/4 | 12635 3.750 0.1330

3 32APSK 4/5

2 32APSK 5/6 | 14.122 4167 1.3770
1 32APSK 8/9 | 15.499 4.444 0.3000
0 | 32APSK 9/10 | 15.799 4.500 n/a
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Table 3: Exceedance Probability Pr(Prx > p) of Received Measured Power Prx = p in dBm = CDF
Fx(z) = Pr(X < ) of Attenuation in dB where z = —p — 40.

Received Received

Pr(Prx > p) | Measured | Attenuation | Pr(Pgrx > p) | Measured | Attenuation
=P(X <) Power X=z =P(X <) Power X=x

(dBm) (dB) (dBm) (dB)
1.0000000000 | -118.0 78.0 0.9998617494 | -108.0 68.0
0.9999999348 -117.5 77.5 0.9997646382 -107.5 67.5
0.9999999022 -117.0 77.0 0.9996139023 -107.0 67.0
0.9999996740 -116.5 76.5 0.9994102263 -106.5 66.5
0.9999996414 -116.0 76.0 0.9991683447 | -106.0 66.0
0.9999993154 -115.5 75.5 0.9988879316 -105.5 65.5
0.9999986635 -115.0 75.0 0.9985825806 -105.0 65.0
0.9999979789 | -114.5 74.5 0.9982878894 | -104.5 64.5
0.9999964794 -114.0 74.0 0.9980376300 -104.0 64.0
0.9999942626 | -113.5 73.5 0.9978503837 | -103.5 63.5
0.9999908072 -113.0 73.0 0.9977371036 -103.0 63.0
0.9999866020 | -112.5 72.5 0.9976681250 | -102.5 62.5
0.9999813210 -112.0 72.0 0.9976269203 -102.0 62.0
0.9999758444 | -111.5 71.5 0.9976005807 | -101.5 61.5
0.9999705961 -111.0 71.0 0.9975798154 -101.0 61.0
0.9999646305 -110.5 70.5 0.9975588545 -100.5 60.5
0.9999588606 -110.0 70.0 0.9975390671 -100.0 60.0
0.9999511021 -109.5 69.5 0.9975203881 -99.5 99.5
0.9999389102 -109.0 69.0 0.9974999162 -99.0 99.0
0.9999149503 -108.5 68.5 0.9974806179 -98.5 28.5

Continued on next page

20



Table 3 (continued)

Received Received

Pr(Prx > p) | Measured | Attenuation Measured | Attenuation
= P(X <x) Power X=z Pr(Pgrx >p) | Power X=z

(dBm) (dB) (dBm) (dB)
0.9974629168 -98.0 58.0 0.9968812602 -87.5 47.5
0.9974447268 -97.5 57.5 0.9968247342 -87.0 47.0
0.9974275147 -97.0 57.0 0.9967664479 -86.5 46.5
0.9974088684 -96.5 56.5 0.9967052604 -86.0 46.0
0.9973885594 -96.0 56.0 0.9966428015 -85.5 45.5
0.9973697174 -95.5 55.5 0.9965787452 -85.0 45.0
0.9973497671 -95.0 55.0 0.9965119507 -84.5 44.5
0.9973283172 -94.5 54.5 0.9964393862 -84.0 44.0
0.9973071282 -94.0 54.0 0.9963618994 -83.5 43.5
0.9972847981 -93.5 53.5 0.9962833694 -83.0 43.0
0.9972613271 -93.0 53.0 0.9962051328 -82.5 42.5
0.9972389971 -92.5 52.5 0.9961229517 -82.0 42.0
0.9972144830 -92.0 52.0 0.9960350007 -81.5 41.5
0.9971907838 -91.5 51.5 0.9959367160 -81.0 41.0
0.9971644441 -91.0 51.0 0.9958356277 -80.5 40.5
0.9971342252 -90.5 50.5 0.9957298127 -80.0 40.0
0.9971004857 -90.0 50.0 0.9956160110 -79.5 39.5
0.9970651488 -89.5 49.5 0.9954954940 -79.0 39.0
0.9970244658 -89.0 49.0 0.9953594601 -78.5 38.5
0.9969779802 -88.5 48.5 0.9952219592 -78.0 38.0
0.9969314620 -88.0 48.0 0.9950868707 -77.5 37.5

Continued on next page
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Table 3 (continued)

Received Received

Pr(Prx > p) | Measured | Attenuation Measured | Attenuation
= P(X <x) Power X=z Pr(Pgrx >p) | Power X=z

(dBm) (dB) (dBm) (dB)
0.9949444474 -77.0 37.0 0.9888025794 -66.5 26.5
0.9947780642 -76.5 36.5 0.9881658963 -66.0 26.0
0.9946109312 -76.0 36.0 0.9875094911 -65.5 25.5
0.9944307588 -75.5 35.5 0.9868804035 -65.0 25.0
0.9942449469 -75.0 35.0 0.9862475670 -64.5 24.5
0.9940643181 -74.5 34.5 0.9855816430 -64.0 24.0
0.9938884487 -74.0 34.0 0.9848356242 -63.5 23.5
0.9936687016 -73.5 33.5 0.9840413269 -63.0 23.0
0.9934213760 -73.0 33.0 0.9831363574 -62.5 22.5
0.9931603265 -72.5 32.5 0.9820587458 -62.0 22.0
0.9928987228 -72.0 32.0 0.9809881428 -61.5 21.5
0.9926212110 -71.5 31.5 0.9797915789 -61.0 21.0
0.9923421345 -71.0 31.0 0.9781913793 -60.5 20.5
0.9920432380 -70.5 30.5 0.9763314015 -60.0 20.0
0.9917513176 -70.0 30.0 0.9744942426 -59.5 19.5
0.9914373280 -69.5 29.5 0.9725748376 -59.0 19.0
0.9910788413 -69.0 29.0 0.9706684393 -58.5 18.5
0.9906781068 -68.5 28.5 0.9684978295 -58.0 18.0
0.9902653760 -68.0 28.0 0.9664291881 -57.5 17.5
0.9898186123 -67.5 27.5 0.9641778642 -57.0 17.0
0.9893360880 -67.0 27.0 0.9620501215 -56.5 16.5

Continued on next page
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Table 3 (continued)

Received Received

Pr(Prx > p) | Measured | Attenuation Measured | Attenuation
= P(X <x) Power X=z Pr(Pgrx >p) | Power X=z

(dBm) (dB) (dBm) (dB)
0.9599380914 -56.0 16.0 0.0969026709 -47.5 7.5
0.9575526242 -55.5 15.5 0.0154594582 -47.0 7.0
0.9546047988 -55.0 15.0 0.0007354894 -46.5 6.5
0.9508388465 -54.5 14.5 0.0001212342 -46.0 6.0
0.9457901723 -54.0 14.0 0.0000277414 -45.5 5.5
0.9385662266 -53.5 13.5 0.0000083778 -45.0 5.0
0.9284560668 -53.0 13.0 0.0000030969 -44.5 4.5
0.9146986788 -52.5 12.5 0.0000010106 -44.0 4.0
0.8960794065 -52.0 12.0 0.0000003912 -43.5 3.5
0.8720899726 -51.5 11.5 0.0000001630 -43.0 3.0
0.8371290264 -51.0 11.0 0.0000001630 -42.5 2.5
0.7917359115 -50.5 10.5 0.0000001304 -42.0 2.0
0.7385486038 -50.0 10.0 0.0000000978 -41.5 1.5
0.6740696329 -49.5 9.5 0.0000000326 -41.0 1.0
0.5904523876 -49.0 9.0 0.0000000000 -40.5 0.5
0.4576666541 -48.5 8.5 0.0000000000 -40.0 0.0
0.2634728349 -48.0 8.0
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Table 4: Case A.

Mode ACM 7; X PiX 7 X pi X
Index Mode Di = CDF(z;) M X i (1-P) (1-Py) x BW
i i Pr(ACM;) at ACM; | (bits/s/Hz) | (bits/s/Hz) (bits/s)
28 QPSK 1/4 0.021808621 | 1.00000000 | 0.01090431 | 0.01090420 54521007
27 QPSK 1/3 0.003697137 | 0.97819138 | 0.00246476 0.00246473 12323666
26 QPSK 2/5 0.005996413 | 0.97449424 | 0.00479713 | 0.00479708 23985413
25 QPSK 1/2 0.004319965 | 0.96849783 | 0.00431997 0.00431992 21599611
24 QPSK 3/5 0.004239773 | 0.96417786 | 0.00508773 | 0.00508768 25438382
23 QPSK 2/3 0.005333293 | 0.95993809 | 0.00711106 0.00711099 35554928
22 QPSK 3/4 0.003765952 | 0.95460480 | 0.00564893 | 0.00564887 28244360
21 QPSK 4/5 0.005048674 | 0.95083885 | 0.00807788 0.00807780 40388991
20 QPSK 5/6 0.007223946 | 0.94579017 | 0.01203991 | 0.01203979 60198946
19 8PSK 3/5 0.023867548 | 0.93856623 | 0.04296159 | 0.04296116 214805782
18 QPSK 8/9 0.018619272 | 0.91469868 | 0.03310093 | 0.03310060 165502988
17 QPSK 9/10 | 0.023989434 | 0.89607941 | 0.04318098 | 0.04318055 215902746
16 8PSK 2/3 0.080354061 | 0.87208997 | 0.16070812 | 0.16070652 803532576
15 8PSK 3/4 0.117666279 | 0.79173591 | 0.26474913 | 0.26474648 1323732397
14 8PSK 4/5 0.083617245 | 0.67406963 | 0.20068139 0.20067938 1003396910
13 16APSK 2/3 | 0.132785734 | 0.59045239 | 0.35409529 | 0.35409175 1770458742
12 8PSK 5/6 0.360763983 | 0.45766665 | 0.90190996 0.90190094 4509504695
11 16APSK 3/4 | 0.081443213 | 0.09690267 | 0.24432964 0.24432719 1221635974
10 8PSK 8/9 0.014723969 | 0.01545946 | 0.03926392 0.03926352 196317621
9 8PSK 9/10 0.000614255 | 0.00073549 | 0.00165849 | 0.00165847 8292364
8 16APSK 4/5 | 0.000093493 | 0.00012123 | 0.00029918 0.00029917 1495870
7 16APSK 5/6 | 0.000026731 | 0.00002774 | 0.00008910 | 0.00008910 445509
6 32APSK 3/4 | 0.000000619 | 0.00000101 | 0.00000232 0.00000232 11614
5 16APSK 8/9 | 0.000000228 | 0.00000039 | 0.00000081 | 0.00000081 4057
4 16APSK 9/10 | 0.000000000 | 0.00000016 | 0.00000000 0.00000000 0
3 32APSK 4/5 | 0.000000033 | 0.00000016 | 0.00000013 | 0.00000013 652
2 32APSK 5/6 | 0.000000130 | 0.00000013 | 0.00000054 0.00000054 2717
1 32APSK 8/9 | 0.000000000 | 0.00000000 | 0.00000000 | 0.00000000 0
0 32APSK 9/10 | 0.000000000 | 0.00000000 | 0.00000000 | 0.00000000 0
Eln) =
S22 (pn) Normalized | E[n] x BW =
BWE (Mbits/s)
(bits/s/Hz)
1.00000000 2.34746 11737
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Table 5: Case B.

Mode ACM 7; X PiX 7 X pi X
Index Mode Di = CDF(z;) M X i (1-P) (1-Py) x BW
i i Pr(ACM;) at ACM; | (bits/s/Hz) | (bits/s/Hz) (bits/s)
28 QPSK 1/4 0.007956762 | 1.00000000 | 0.00397838 | 0.00397834 19891706
27 QPSK 1/3 0.00060591 | 0.99204324 | 0.00040394 0.00040394 2019680
26 QPSK 2/5 0.001171952 | 0.99143733 | 0.00093756 | 0.00093755 4687761
25 QPSK 1/2 0.000929288 | 0.99026538 | 0.00092929 0.00092928 4646394
24 QPSK 3/5 0.001170192 | 0.98933609 | 0.00140423 | 0.00140422 7021080
23 QPSK 2/3 0.001285493 | 0.98816590 | 0.00171399 0.00171397 8569867
22 QPSK 3/4 0.000632836 | 0.98688040 | 0.00094925 | 0.00094925 4746226
21 QPSK 4/5 0.000665924 | 0.98624757 | 0.00106548 0.00106547 5327339
20 QPSK 5/6 0.000746019 | 0.98558164 | 0.00124336 | 0.00124335 6216761
19 8PSK 3/5 0.001699267 | 0.98483562 | 0.00305868 | 0.00305865 15293248
18 QPSK 8/9 0.001077612 | 0.98313636 | 0.00191575 | 0.00191573 9578674
17 QPSK 9/10 | 0.001070603 | 0.98205875 | 0.00192709 | 0.00192707 9635330
16 8PSK 2/3 0.002796764 | 0.98098814 | 0.00559353 | 0.00559347 27967356
15 8PSK 3/4 0.003697137 | 0.97819138 | 0.00831856 | 0.00831847 41592371
14 8PSK 4/5 0.001919405 | 0.97449424 | 0.00460657 0.00460653 23032630
13 16APSK 2/3 | 0.001906398 | 0.97257484 | 0.00508373 | 0.00508368 25418389
12 8PSK 5/6 0.004239251 | 0.97066844 | 0.01059813 0.01059802 52990111
11 16APSK 3/4 | 0.002251324 | 0.96642919 | 0.00675397 | 0.00675390 33769521
10 8PSK 8/9 0.002127743 | 0.96417786 | 0.00567398 0.00567392 28369619
9 8PSK 9/10 0.002112030 | 0.96205012 | 0.00570248 | 0.00570242 28512122
8 16APSK 4/5 | 0.002385467 | 0.95993809 | 0.00763349 0.00763342 38167092
7 16APSK 5/6 | 0.011762452 | 0.95755262 | 0.03920817 | 0.03920778 196038906
6 32APSK 3/4 | 0.007223946 | 0.94579017 | 0.02708980 0.02708953 135447627
5 16APSK 8/9 | 0.010110160 | 0.93856623 | 0.03594723 | 0.03594688 179734376
4 16APSK 9/10 | 0.013757388 | 0.92845607 | 0.04952660 0.04952610 247630507
3 32APSK 4/5 | 0.018619272 | 0.91469868 | 0.07447709 | 0.07447634 372381722
2 32APSK 5/6 | 0.104343495 | 0.89607941 | 0.43476456 0.43476021 2173801074
1 32APSK 8/9 | 0.053187308 | 0.79173591 | 0.23638803 | 0.23638567 1181928352
0 32APSK 9/10 | 0.738548604 | 0.73854860 | 3.32346872 | 3.32343548 16617177412
Eln) =
S22 (pn) Normalized | E[n] x BW =
BWE (Mbits/s)
(bits/s/Hz)
1.00000000 4.30031865 21502
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Table 6: Case C.

Mode ACM M X P X 7 X pi X
Index Mode pi = CDF(x;) M X D; (1-1P) (1-Py) x BW
i i Pr(ACM;) | at ACM; | (bits/s/Hz) | (bits/s/Hz) (bits/s)
28 QPSK 1/4 0.00302202 | 1.00000000 | 0.00151101 0.00151099 7554974
27 QPSK 1/3 0.00009672 | 0.99697798 | 0.00006448 0.00006448 322397
26 QPSK 2/5 0.00017600 | 0.99688126 | 0.00014080 0.00014080 703992
25 QPSK 1/2 0.00012652 | 0.99670526 | 0.00012652 0.00012651 632569
24 QPSK 3/5 0.00013936 | 0.99657875 | 0.00016723 0.00016723 836146
23 QPSK 2/3 0.00015602 | 0.99643939 | 0.00020802 0.00020802 1040102
22 QPSK 3/4 0.00007824 | 0.99628337 | 0.00011735 0.00011735 586769
21 QPSK 4/5 0.00008218 | 0.99620513 | 0.00013149 0.00013149 657442
20 QPSK 5/6 0.00008795 | 0.99612295 | 0.00014658 0.00014658 732918
19 8PSK 3/5 0.00019937 | 0.99603500 | 0.00035887 | 0.00035887 1794339
18 QPSK 8/9 0.00010582 | 0.99583563 | 0.00018812 0.00018811 940569
17 QPSK 9/10 | 0.00011380 | 0.99572981 | 0.00020484 | 0.00020484 1024205
16 8PSK 2/3 0.00025655 | 0.99561601 | 0.00051310 0.00051310 2565483
15 8PSK 3/4 0.00027259 | 0.99535946 | 0.00061333 0.00061332 3066600
14 8PSK 4/5 0.00014242 | 0.99508687 | 0.00034182 0.00034181 1709062
13 16APSK 2/3 | 0.00016638 | 0.99494445 | 0.00044369 0.00044368 2218421
12 8PSK 5/6 0.00034731 | 0.99477806 | 0.00086826 0.00086825 4341274
11 16APSK 3/4 | 0.00018581 | 0.99443076 | 0.00055744 | 0.00055743 2787152
10 8PSK 8/9 0.00018063 | 0.99424495 | 0.00048168 0.00048167 2408360
9 8PSK 9/10 0.00017587 | 0.99406432 | 0.00047485 0.00047484 2374213
8 16APSK 4/5 | 0.00021975 | 0.99388845 | 0.00070319 0.00070318 3515919
7 16APSK 5/6 | 0.00076998 | 0.99366870 | 0.00256660 0.00256657 12832851
6 32APSK 3/4 | 0.00027751 | 0.99289872 | 0.00104067 0.00104066 5203294
5 16APSK 8/9 | 0.00027908 | 0.99262121 | 0.00099227 | 0.00099226 4961311
4 16APSK 9/10 | 0.00029890 | 0.99234213 | 0.00107603 0.00107602 5380083
3 32APSK 4/5 | 0.00029192 | 0.99204324 | 0.00116768 0.00116767 5838349
2 32APSK 5/6 | 0.00107321 | 0.99175132 | 0.00447171 0.00447167 22358335
1 32APSK 8/9 | 0.00041273 | 0.99067811 | 0.00183436 0.00183434 9171703
0 32APSK 9/10 | 0.99026538 | 0.99026538 | 4.45619419 4.45614963 22280748150
Eln| =
2 (pn) Normalized | E[n] x BW =
BWE (Mbits/s)
(bits/s/Hz)
1.00000000 4.4776613963 22388

26




Table 7: Case D.

Mode ACM M X P X 7 X pi X
Index Mode Di = CDF(x;) 7 X D; (1-1P) (1-P,) x BW
i i Pr(ACM;) | at ACM; | (bits/s/Hz) | (bits/s/Hz) (bits/s)
28 QPSK 1/4 0.00000000 | 0.00000000 | 0.00000000 | 0.00000000 0
27 QPSK 1/3 0.00000000 | 0.00000000 | 0.00000000 0.00000000 0
26 QPSK 2/5 0.00000000 | 0.00000000 | 0.00000000 | 0.00000000 0
25 QPSK 1/2 0.00000000 | 0.00000000 | 0.00000000 0.00000000 0
24 QPSK 3/5 0.00000000 | 0.00000000 | 0.00000000 | 0.00000000 0
23 QPSK 2/3 0.00000000 | 0.00000000 | 0.00000000 0.00000000 0
22 QPSK 3/4 0.00000000 | 0.00000000 | 0.00000000 | 0.00000000 0
21 QPSK 4/5 0.00000000 | 0.00000000 | 0.00000000 0.00000000 0
20 QPSK 5/6 0.00000000 | 0.00000000 | 0.00000000 | 0.00000000 0
19 8PSK 3/5 0.00000000 | 0.00000000 | 0.00000000 | 0.00000000 0
18 QPSK 8/9 0.00000000 | 0.00000000 | 0.00000000 | 0.00000000 0
17 QPSK 9/10 0.00000000 | 0.00000000 | 0.00000000 | 0.00000000 0
16 8PSK 2/3 0.00000000 | 0.00000000 | 0.00000000 | 0.00000000 0
15 8PSK 3/4 0.00000000 | 0.00000000 | 0.00000000 | 0.00000000 0
14 8PSK 4/5 0.00000000 | 0.00000000 | 0.00000000 | 0.00000000 0
13 16APSK 2/3 | 0.00000000 | 0.00000000 | 0.00000000 | 0.00000000 0
12 8PSK 5/6 0.00000000 | 0.00000000 | 0.00000000 0.00000000 0
11 16APSK 3/4 | 0.00000000 | 0.00000000 | 0.00000000 | 0.00000000 0
10 8PSK 8/9 0.00000000 | 0.00000000 | 0.00000000 0.00000000 0
9 8PSK 9/10 0.00000000 | 0.00000000 | 0.00000000 | 0.00000000 0
8 16APSK 4/5 | 0.00000000 | 0.00000000 | 0.00000000 0.00000000 0
7 16APSK 5/6 | 0.00000000 | 0.00000000 | 0.00000000 | 0.00000000 0
6 32APSK 3/4 | 0.00000000 | 0.00000000 | 0.00000000 0.00000000 0
) 16APSK 8/9 | 0.00000000 | 0.00000000 | 0.00000000 | 0.00000000 0
4 16APSK 9/10 | 0.00000000 | 0.00000000 | 0.00000000 0.00000000 0
3 32APSK 4/5 | 0.00000000 | 0.00000000 | 0.00000000 | 0.00000000 0
2 32APSK 5/6 | 0.00000000 | 0.00000000 | 0.00000000 0.00000000 0
1 32APSK 8/9 | 0.00000000 | 0.00000000 | 0.00000000 | 0.00000000 0
0 32APSK 9/10 | 1.00000000 | 1.00000000 | 4.50000000 | 4.49995500 22499774998
Eln| =
Zfio (pn) Normalized | E[n] x BW =
BWE (Mbits/s)
(bits/s/Hz
1.00000000 4.499955 22500
Table 8: BWE Results
Highest
Case | E[n] x BW | Probability ACM
(Mbits/s) mode (R,)

A 11737 8PSK 5/6

B 21502 32APSK 9/10

C 22388 32APSK 9/10

D 22500 32APSK 9/10
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APPENDIX B
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Figure 9: DVB-S2 with QPSK at Different Code Rates under AWGN.
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Figure 10: DVB-S2 with 8PSK at Different Code Rates under AWGN.
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Figure 11: DVB-S2 with 16APSK at Different Code Rates under AWGN.
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Figure 12: DVB-S2 with 32APSK at Different Code Rates under AWGN.
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APPENDIX C

There are three files that required to run this simulation. It is important to have the com-
munication toolbox in MATLAB to run these files, because they use built-in functions within
that communications toolbox. The main program is called “commDVBS2withLDPCv2.m”.
The other two files support the main file are called “getParamsDVBS2Demov2.m” and “con-
figureDVBS2Demov2.m” . The user will need to modify the parameters on Line 1, Line 4,
and Line 16 in the main program file. On Line 1, you can change the ACM mode and code
rate to any mode listed in the Input parameters list. On Line 4, the user will need to set
the “EsNo_dB” range and the set size. Line 16, the user will need to adjust the frame size
necessary to find the BER near 107°. Once configured, then you run the file. The recom-
mendation is to start with a step size of “EsNo_dB = 1”7 and the range between —2 to 15,
and the frame size to 100. This will give you quick simulation for where the ACM mode and
code rate will generate a curve. Then decrease your step size and your range size to narrow
your search to find BER near 107°. The frame size will need to be increase to generate a

curve that is smooth and descending pass 107°.
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MATLAB files

e commDVBS2WithLDPCv2.m

e getParamsDVBS2Demov2.m

e configureDVBS2Demov2.m
Input parameters

e “QPSK 1/4”

e “QPSK 1/3”

e “QPSK 2/5”

e “QPSK 1/27

e “QPSK 3/5”

e “QPSK 2/3”

e “QPSK 3/4”

e “QPSK 4/5”

e “QPSK 5/6”

e “QPSK 8/9”

e “QPSK 9/10”

e “8PSK 3/5”

e “8PSK 4/5”

e “8PSK 2/3”

e “8PSK 3/4”

o “8PSK 5/6”



“8PSK 8/9”
“8PSK 9/10”
“16APSK 2/3”
“16APSK 3/4”
“16APSK 4/5”
“16APSK 5/6”
“16APSK 8/9”
“16APSK 9/10
“32APSK 3/4”
“32APSK 4/5”
“32APSK 5/6"
“32APSK 8/9"

“32APSK 9/10”
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commDVBS2WithLDPCv2.m file

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

subsystemType = '16APSK 5/6'; % Constellation and LDPC code rate

%$SETS THE RANGE OF ES/NO TO TEST

EsNo_dB=4:1:10;

%$SETS THE INTERVAL BETWEEN THE RANGE

meas_SNR_dB=zeros (1, length (EsNo_dB) ) ;

$INITIALIZE VARIABLES TO ZERO
c_BER=zeros (1, length (EsNo_dB) ) ;

c_BER_LDPC=zeros (1, length (EsNo_dB)) ;

%$FOR LOOP TO TEST EACH ES/NO
for i=1l:length (EsNo_dB)
EsNodB = EsNo_dB (i) ;

o

numFrames = 100; % Number of frames to simulate
% Initialize
configureDVBS2Demov2
% Display system parameters

dvb

%% LDPC Encoder and Decoder
encldpc = comm.LDPCEncoder (dvb.LDPCParityCheckMatrix) ;

decldpc = comm.LDPCDecoder (dvb.LDPCParityCheckMatrix,

'TterationTerminationCondition', 'Parity check satisfied’,
'MaximumIterationCount', dvb.LDPCNumIterations,
'NumIterationsOutputPort', true);

%% Stream Processing Loop

bbFrameTx = false (encbch.MessagelLength,1);
numlIterVec = zeros (numFrames, 1);
falseVec = false (dvb.NumPacketsPerBBFrame, 1);

for frameCnt=1:numFrames

o

% Transmitter, channel, and receiver
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o

bbFrameTx (1:dvb.NumInfoBitsPerCodeword) = logical(randi ([0 17,
dvb.NumInfoBitsPerCodeword, 1));

bchEncOut = encbch (bbFrameTx) ;

ldpcEncOut = encldpc (bchEncOut) ;

intrlvrOut = intrlv (ldpcEncOut,dvb.InterleaveOrder) ;

if dvb.ModulationOrder == || dvb.ModulationOrder ==
modOut = pskModulator (intrlvrOut) ;
else
modOut = dvbsapskmod (intrlvrOut, dvb.ModulationOrder, 's2',
dvb.CodeRate, 'InputType', 'bit', 'UnitAveragePower', true);

end

chanOut = chan (modOut) ;
chanOut_rician = chan (modOut) ;

chanOut=AWGNchan (chanOut_rician);

if dvb.ModulationOrder == || dvb.ModulationOrder ==
demodOut = pskDemodulator (chanOut) ;
else
demodOut = dvbsapskdemod (chanOut, dvb.ModulationOrder, 's2',
dvb.CodeRate, 'OutputType', 'approxllr', 'NoiseVar',

dvb.NoiseVar, 'UnitAveragePower', true);

end
deintrlvrOut = deintrlv (demodOut, dvb.InterleaveOrder);
[1dpcDecOut, numIter] = decldpc (deintrlvrOut) ;

bchDecOut = decbch (1ldpcDecOut) ;

bbFrameRx = bchDecOut (1:dvb.NumInfoBitsPerCodeword, 1) ;

% Error statistics

comparedBits = xor (bbFrameRx, bbFrameTx (l:dvb.NumInfoBitsPerCodeword)) ;

packetErr = any (reshape (comparedBits, dvb.NumBitsPerPacket,
dvb.NumPacketsPerBBFrame)) ;

per = PER(falseVec, packetErr');

berMod = BERMod (demodOut<0, intrlvrOut);

berLDPC = BERLDPC (ldpcDecOut, bchEncOut) ;

% LDPC decoder iterations

numIterVec (frameCnt) = numlter;
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% Noise variance estimate
noiseVar = meanCalc (varCalc (chanOut
measured_SNR_dB=10+10gl0 (1/noiseVar) ;
% Scatter plot

constDiag (chanOut) ;
end
meas_SNR_dB (i) =measured_SNR_dB;
c_BER(i)=berMod (1) ;
c_BER_LDPC (i) =berLDPC (1) ;
end
semilogy (meas_SNR_dB, c_BER_LDPC)
hold on
yline (10"=5, 'k—=");
legend ('16APSK 8/9");
xlabel ("Eb/No (dB)");
ylabel ("BER")

grid on;

displayEndOfDemoMessage (mfilename)

- modOut) ) ;
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function dvb = getParamsDVBS2Demo (subsystemType, EsNodB,
numLDPCDecIterations)
%getParamsDVBS2Demo DVB-S.2 link parameters

% DVB = getParamsDVBS2Demo (TYPE, ESNO, NUMITER) returns DVB-S.2 link

% parameters for subsystem type, TYPE, energy per symbol to noise power

o

spectral density ratio in dB, ESNO, and number of LDPC decoder

% iterations, NUMITER. The output, DVB, is a structure with fields

o

specifying the parameter name and value.

% Copyright 2010-2018 The MathWorks, Inc.

validatestring (subsystemType, {'OPSK 1/4"',

"QPSK 1/3', 'QPSK 2/5', 'QPSK 1/2', 'QPSK 3/5', 'QPSK 2/3',
'QPSK 3/4', 'QPSK 4/5', 'QPSK 5/6', 'QPSK 8/9', 'QPSK 9/10',
"8PSK 3/5', '8PSK 4/5', '8PSK 2/3', '8PSK 3/4', '8PSK 5/6',
"8PSK 8/9', '8PSK 9/10', 'l16APSK 2/3', '16APSK 3/4',

"16APSK 4/5', '16APSK 5/6', '16APSK 8/9', '16APSK 9/10',
"32APSK 3/4', '32APSK 4/5', '32APSK 5/6', '32APSK 8/9',

'32APSK 9/10'}, 'getParamsDVBS2Demo', 'TYPE', 1);

validateattributes (EsNodB, {'numeric'},

{'finite', 'scalar'}, 'getParamsDVBS2Demo',6 'ESNO', 2);

validateattributes (numLDPCDecIterations, {'numeric'},
{'positive', 'integer', 'scalar'}, 'getParamsDVBS2Demo', 'NUMITER',
systemInfo = regexp (subsystemType, ' ', 'split');
modulationType = char (systemInfo(l));
dvb.CodeRate = char (systemInfo(2));

codeRate = str2num(dvb.CodeRate); $#o0k<ST2NM>

dvb.EsNodB = EsNodB;

dvb.ModulationType = modulationType;

o

Source
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dvb.NumBytesPerPacket = 188;
byteSize = 8;

dvb.NumBitsPerPacket = dvb.NumBytesPerPacket * byteSize;

% BCH coding

[dvb.BCHCodewordLength,

dvb.BCHMessageLength,

dvb.BCHGeneratorPoly] = getbchparameters (codeRate);

dvb.BCHPrimitivePoly = de2bi (65581, 'left-msb');

dvb.NumPacketsPerBBFrame =floor (dvb.BCHMessagelength/dvb.NumBitsPerPacket);
dvb.NumInfoBitsPerCodeword = dvb.NumPacketsPerBBFramexdvb.NumBitsPerPacket;

dvb.BitPeriod = 1/dvb.NumInfoBitsPerCodeword;

% LDPC coding

dvb.LDPCCodewordLength = 64800;
dvb.LDPCParityCheckMatrix = dvbs2ldpc (codeRate);
if isempty (numLDPCDecIterations)
dvb.LDPCNumIterations = 50;
else
dvb.LDPCNumIterations = numLDPCDecIterations;

end

o0

o

Interleaver: Section 5.3.3, p. 23

% No interleaving (for BPSK and QPSK)

dvb.InterleaveOrder = (l:dvb.LDPCCodewordLength).’';

switch modulationType
case '8PSK'
Ncol = 3;
iTemp = reshape (dvb.InterleaveOrder,
dvb.LDPCCodewordLength/Ncol, Ncol).';
if codeRate == 3/5
% Special Case - Figure 8
iTemp = flipud (iTemp) ;

end
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dvb.InterleaveOrder = iTemp(:);
case '16APSK'
Ncol = 4;
iTemp = reshape (dvb.InterleaveOrder,
dvb.LDPCCodewordLength/Ncol, Ncol).';
dvb.InterleaveOrder = iTemp(:);
case '32APSK'
Ncol = 5;
iTemp = reshape (dvb.InterleaveOrder,
dvb.LDPCCodewordLength/Ncol, Ncol).';
dvb.InterleaveOrder = iTemp(:);

end

% Modulation

switch modulationType
case 'BPSK'
Ry = [+1; -11;
dvb.Constellation = complex (Ry);
dvb.SymbolMapping = [0 1];
dvb.PhaseOffset = 0;
warning (message ('comm:getParamsDVBS2Demo: InvalidModulationType'));

case 'QPSK'

Ry = [+1; +1; -1; -11;
Iy = [+1; -1; +1; -1];
dvb.Constellation = (Ry + 1ixIy)/sqrt(2);

dvb.SymbolMapping = [0 2 3 1];
dvb.PhaseOffset = pi/4;
case '8PSK'
A = sqrt(1/2);
Ry = [+A +1 -1 -A 0 +A -A 0].';
Iy = [+tA 0O O -A 1 -A +A -11.';
dvb.Constellation = Ry + 1lixIy;
dvb.SymbolMapping = [1 0 4 6 2 3 7 5];
dvb.PhaseOffset = 0;
case 'l6APSK'
dvb.Constellation = dvbsapskmod((0:15)"', 16, 's2',
dvb.CodeRate, 'UnitAveragePower', true);
dvb.SymbolMapping = [12 14 15 13 4 0 8 10 2 6 7 3 11 9 1 5];

dvb.PhaseOffset = [pi/4 pi/12];
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case '32APSK'
dvb.Constellation = dvbsapskmod((0:31)', 32, 's2',
dvb.CodeRate, 'UnitAveragePower',6 true);
dvb.SymbolMapping = [15 13 29 31 14 6 7 5 4 12 28 20 21 23 22 30
11 10 2 31 0 8 9 25 24 16 17 19 18 26 27];
dvb.PhaseOffset = [pi/4 pi/l2 pi/l6];
otherwise
error (message ('comm:getParamsDVBS2Demo :ModulationUnsupported'));

end

numModLevels = length (dvb.Constellation);
dvb.BitsPerSymbol = log2 (numModLevels);

dvb.ModulationOrder = 2”dvb.BitsPerSymbol;

o

% Complex scrambling sequence

dvb.SequencelIndex = 2;

% Number of symbols per codeword

dvb.NumSymsPerCodeword = dvb.LDPCCodewordLength/dvb.BitsPerSymbol;

% Noise variance for channel and estimate for LDPC coding

dvb.NoiseVar = 1/(10”(dvb.EsNodB/10));
dvb.NoiseVarEst = dvb.NoiseVar/ (2xsin (pi/numModLevels)) ;

% Note that NoiseVarEst for QPSK is NoiseVar/ (2+xsqgrt (2))

dvb.RecDelayPreBCH = dvb.BCHMessageLength;

function [nBCH, kBCH, genBCH] = getbchparameters (R)

table5a = [1/4 16008 16200 12 64800

1/3 21408 21600 12 64800

2/5 25728 25920 12 64800
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177
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181

185

186

187

188

189

190

191

192

196

197

198

199

200

201

202

rowidx

kBC

nBC

tBC

a8

alo

al2

H

H

H

1/2
3/5
2/3
3/4
4/5
5/6

8/9

32208
38688
43040
48408
51648

53840

32400
38880
43200
48600
51840

54000

12

12

10

12

12

10

57472 57600 8

9/10 58192 58320 8

find (abs (tableba(:,1)-R)<.001);

tableb5a (rowidx, 2);

tableba (rowidx, 3);

tableb5a (rowidx, 4);

0 O
0 O
1 0
1 1
1 0
1 1
1 0
11
0 1
0 1
0 0
1 1
1 0
1 1
1 0
0 O
0 1
0 O
1 0
1 1
0 1
0 O
1 1
0 O
1 0

0 1
1 0
1 1
1 0
1 0
0 0
1 0
1 0
0 1
1 0
0 O
11
0 0
1 0
0 0
0 1
0 O
0 O
11
0 O
0 O
0 0
0 O
0 1
0 O

1 1
0 1
1 0
0 1
0 O
0 1
1 0
0 1
0 1
0 O
11
1 1
1 1
1 1
0 1
1 1
0 1
0 O
1 0
1 0
1 1
1 1
0 O
0 1
1 0

0 0 0 O
0o 1 0
0 0 1
0o 1 1
1 1 ©
1 0 1
0 0 0
0o 1 1
11;

0 0 0
0 0 1
1 0 O
0 0 1
0 1 0
0 1 0
1 1 0
0 0 1
1 1 0
1 1 0
0 0 17];
1 0 O
1 0 1
1 0 0
0 0 0
1 0 O

64800
64800
64800
64800
64800
64800
64800

648007 ;
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1 0 1
0 0 1
0 1 0
1 1 0
1 0 1
o 1 1
1 0 1

switch tBCH
case 8
genBCH
case 10
genBCH
case 12
genBCH

end

1 1
1 0
1 0
0 O
1 0
1 1
0 O
0 1
ag;

alo;
alz;

11;
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o

% Set up system parameters and display the parameter structure
maxNumLDPCIterations = 50;

dvb = getParamsDVBS2Demov2 (subsystemType, EsNodB, maxNumLDPCIterations);

%% Simulation Object

createSimObjDVBS2Demo

PER = comm.ErrorRate;

BERLDPC = comm.ErrorRate;

BERMod = comm.ErrorRate;

o
o°

% xScatter Plotx
% Create a scatter plot to view the received constellation.
% Get the constellation
if dvb.ModulationOrder == || dvb.ModulationOrder == 8
cacheBitInput = pskModulator.BitInput;
pskModulator.BitInput = false;
constellation = pskModulator ((0:pskModulator.ModulationOrder-1)");
release (pskModulator); pskModulator.BitInput = cacheBitInput;
else
constellation = dvb.Constellation;
end
% Initialize scatter plot
constDiag = comm.ConstellationDiagram(...
'SamplesPerSymbol’, 1,

'ReferenceConstellation', constellation,

'XLimits', [-3.5 3.5],
'YLimits', [-3.5 3.5],
'Position’, [50 50 560 4201);
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o

o\

*SNR Measurement *

o

Create variance and mean estimators to measure received signal SNR.

o

varCalc = dsp.Variance;

meanCalc = dsp.Mean('RunningMean', true);
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