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Performance Simulation of ACM for Compensating Rain Attenuation in
Satellite Link

Meixiang Zhang*, Sooyoung Kim’, Lifelong Member, Jeong-Ki Pack™, Ihn-Kyum Kim"™"
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ABSTRACT - .

Adaptive transmission technique is an effective means to counter-measure rain attenation that is one of the most significant
factors degrading link quality in satellite communication systems. This paper introduces a simulator for adaptive transmission
technique to compensate rain attenuation. In the simulator, a dynamic rain attenuation model is loaded, which was developed
to synthesize Korean rain attenuation dynamics at a frequency band of Ka. It is a Markov chain model with rain attenuation
parameters extracted from the rain attenuation data measured per second. In addition, various transmission schemes are
embedded so that a user defined simulations can be performed. This paper demonstrates simulation results of adaptive
schemes in comprison with fixed schemes, and show the efficiency of the adaptive schemes to compensate the rain

attenuation.
I Introduction margin to compensate rain fading during such a small
time period.
Signal fading due to rain is one of the most significant For this reason, in order to increase system availability,

factors degrading link quality in satellite communication
systems using high frequency bands such as Ku and Ka
bands. In order to achieve about 99% of link availability,
around 11-12 dB of link margin is required in the system
using Ka-band. However, to achieve another 0.9% of link
availability, more than 20 dB of link margin is required [1].

It is not cost-efficient to allocate a large static power

an adaptive transmission technique with a control
algorithm to adaptively allocate adaptive coding and
modulation (ACM) schemes is used as a countermeasure
to rain attenuation. This paper introduces a simulator for
adaptive  transmissions over Ka-band  satellite
communication channel to compensate rain attenuation.

The simulator is equipped with a rain attenuation model
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which synthesizing the dynamics of rain attenuation,
along with various transmission schemes for utilization of
ACM. For synthesization of rain attenuation, a 4-state
Markov chain is used to characterize the dynamic of rain
fading channel. For effective dynamic allocation of
adaptive schemes, a prediction and a allocation algorithms
are used. Prediction of signal quality due to rain
attenuation is based on historical rain information.
Subsequently, allocation of transmission schemes
according to the predicted signal quality us made [2].
The remainder of this paper is ordered as follows.
Basics on the ACM simulator including the system
configuration and the theoretical basics on the essential
functional blocks will be briefly explained in Section 2.
Details on the ACM simulator including the parameters
are introduced in Section 3. Section 4 demonstrates the
simulation results of ACM schemes for compensating rain
attenuation in satellite link in comparison with those of

fixed schemes. Conclusions will be drawn in Section 5.

2. Basics on the ACM simulator

2.1 System configuration

The structure of the ACM simulation system is shown
in Fig. 1. In the transmitter part, after random bit
generation, channel coding and modulation schemes are
equipped with a number of choices. Allocation of these
schemes is made by the controller which is the most
important part of the ACM systems. The controller first
predicts the signal quality based on the observation of the
previous received signal as in Section 2.3, and it allocates
appropriate coding and modulation schemes as in Section
2.4.

During the transmission through the satellite channel,
the signal strength may be faded by rain attenuation
which is synthesized by a Markov chain model in the
simulator. At the receiver part, there are demodulators and
channel decoders corresponding to the modulators and
channel encoders in the transmitter part. Finally, the
decoded information is compared with the generated
information, and the performance is estimated in various
aspects including bit error rate (BER), outage, spectral

efficiency, and etc.

Performance

comparison Controller
(BER., (prediction,

allocation)
Information P8 C}
sink

Fig 1. Structure of the ACM system in a satellite link

Rain
synthesization
model

2.2 Rain dynamics synthesization

In our previous research, rain attenuation models to
synthesize the dynamic of rain fading for satellite systems
using Ka-band are developed [3]-[5]. In these models, it
is assumed that a rain event can be characterized by a
4-state Markov chain. That is, a rain event is consisted of
a beginning, a fading, an ending and an inter-fade state
with a duration of Dy, Dy, D, and D;, respectively, as
shown in Fig. 2 [3[5]. In Fig. 2, p;; k,jE{b,f,e,i}, is
the transition probability of state changing from states k
to j, A is the rain attenuation, and A A is the slope of

the attenuation.

Inter-fade
state
i
/ P \\\,,,//
i ot
pbl: ( Beginnini Pi
state
Bb\&» ) p. .
M \,Oo / - pfe/
Opy Fading
_ A
O-A

SRISP’

Fig 2. 4—state Markov chain for rain attenuation process.

Using the statistical properties investigated in each
state, rain attenuation events can be synthesized. For each

state j, the random variable D); is first generated when

the state begins. Subsequently, 4 and A A are generated

to synthesize the rain attenuation [5].

2.3 Prediction of rain attenuation

Allocation of an appropriate transmission scheme
according to the channel condition should be made on the
basis of the prediction by considering the round-trip delay.
Signal quality due to rain attenuation needs to be predicted

prior to the transmission. Intelligent control algorithms has
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been developed to adaptively allocate transmission
schemes by estimating and predicting rain attenuation [2].
The scheme predicts the signal level, Yitp after a
prediction time, p, from the previous signal levels, using
the following equation:

n—1

Ye+p — Zwi,tytfi
i=0

(D

where n is observation time, w;, is the weighting

factor at time ¢, 1, is the signal level at current time ¢,

and y, _; is the signal level at ¢t — ¢ indicating historical
channel information. One of the simplest implementation of
(1) uses two constant weight value for two end points of
the observation period and assumes that future variation
of the signal level will remain the same as the previous
variation. This method was referred as slope based
prediction (SBP) [2], and it is employed in the ACM

simulator.

2.4 ACM allocation

For adaptive rain compensation, a real time resource
allocation algorithm is required to select an appreciate
transmission scheme. Allocation should be made with the
best spectral efficiency and performance under the current
signal level [2][6][7]. The algorithm selects a transmission
scheme, d, having the maximum throughput under a
current SNR such that

N—1

Z /\de(t_ k)} forde {07 1, dmax - 1}
k=0

arg max

@

where /V is the accumulation period, d,,. is the
number of available transmission schemes and S,(t) is

the throughput normalized by the data rate of the
transmission scheme d, which can be obtained by

S,(t)=1—P,(v(1)) 3)

where Pd(’y(t)) is the BER value for the predicted SNR
'y(t). When Pd('y(t)) is larger than the required BER, the
BER is replaced by the value of 1 in order to give penalty

to the selected scheme. The weighting factor A is
determined by:

10

N 4
zlAy(t)+1 @
where x is a parameter that adjusts the sensitivity of

A to the slope.

3. Simulator configuration

3.1 Basic structure

Figure 3 shows initial display window of the simulator
after logging in. The left part of the window shows the
data flow of the communication system, on which we can
set the simulation parameters by clicking the corres—
ponding blocks. In addition, the parameter value can be set
in the main menu. Two graphs in the middle parts of the
window display the dynamic results during the simulation.
The upper graph is used to display one of the results
among BER, spectral efficiency, outage rate, the required
power margin, while the lower graph is used to display
both the current and predicted rain attenuation values. The
rightmost shows the text display of the dynamic
simulation results along with the parameters used in the

simulation.
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Fig 3. Initial display window of the ACM simulator

3.2 Parameter setting

Figure 4 shows an example of system parameter setting
window. System parameters are used to define the
characteristics of the target simulation system, including
the simulation time (Al&#¢]4 A1ZH) in second or in the
number of errors as a condition to terminate the
simulation. Other system parameters include transmission
rate in symbols per second, the required BER in the unit

of exponent of 10~ ' (eg. In Fig. 4, “S5 BER” of 5
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indicates 10~ ° of BER), and the power margin in dB. as
shown in Fig. 1. In this window, we can also set either we
want simulation with adaptive coding and modulation
(ACM) mode (453 52 or simulation with fixed

mode (2E AEH4).

B AIZ2014 meE) 2E =13
TR EcRx | Channel | Result
A SH0IEAZE | 2000 (2] [sec]
HHAEE s [#4] [symbulisec]
HEW HaEs AE
B3 BER H %]
M EH0| & AT S F
Time[sec] v
HEOR 2.0 2] e

Fig 4. Example of system parameter setting

Figure 5 shows the parameters of the transmitter and
receiver in ACM scheme. As we can see from Fig. 5, we
can select different ACM modes either an uncoded ACM
mode or coded ACM mode. Allocation interval is used to
determine how often we allocate different ACM modes.
The minimum (4 WEH2]) and maximum modulation
(H) HMzH]) schemes are parameters used to regulate
levels of the modulation schemes employed in the ACM

operation.

= Al2dl0l4 metile 243

EIBX

Systemn | TX&RX | Channel | Result

ACM Modes | Uncoded b

Edit Userdefined File

Allocation interval |1

B s

FiE=ES= S

4R3_BPKS

<

EEE

16-PSK. hd

Fig 5. Example of transmitter and receiver parameter
setting for an ACM mode

As we can see from Fig. 5, just below the “ACM
modes” selection either with “Coded” or “Uncoded”, there
is a button for “Edit Userdefined File”. In each of ACM
mode, the simulator uses the parameter file which was
written for the ACM operation. Therefore, if a user want

1

to operate another ACM mode with different combinations
of coding and modulation schemes, then the user may use
the userdefined parameter file which was written with the
same protocol. An example of the parameter file for the
“Uncoded” ACM operation is shown in Fig. 6, and

explanations on the parameter values are shown in Table 1.

FEC scheme index
Modulation scheme index
Soft demod. scheme index

Allocation interval index
Min, and max, mode index

[ Number of modes index_|

bWNHO}l_l
N
coocoao

e O
10 0’

e [ e
1

Fig 6. Example of the parameter files for “Uncoded”

ACM operation mode,

Table 1. Values in the parameter files for ACM mode
operation,
Parameters

Possible choices
-1: Uncoded
0: Duo-binary turbo codes
1: Convolutional codes
2: Convolutional codes + RS
0: PSK based
1
2
0
1

FEC scheme index

Modulation scheme index © QAM based
© APSK based
: ML
Soft demod. scheme index © Max-ML
2: HDT
Allocation interval integer
Min. mode index -1,0,1,2,34,5
Max. mode index -1,0,1,2,34,5
Numbers of schemes integer

Parameters written from the 7th row

column no. parameter possible value
1 Mode index -1,0,1,2,34,5
if FEC index=0:
0:1/3, 1:2/5, 2:1/2, 3:2/3, 4:3/4,
5:4/5, 6:6/7
2 Code rate if FEC index=1 or 2
0:1/3, 1:1/2, 2:2/3
default: 0
3 Constraint length default: 7
4 SNR @ BER=10" 4.2 dB (for uncoded BPSK)
5 SNR @ BER=10" 6.7 dB (for uncoded BPSK)
6 SNR @ BER=10"* 83 dB (for uncoded BPSK)
7 SNR @ BER=10" | 96 dB (for uncoded BPSK)
8 SNR @ BER=10" 10.7 dB (for uncoded BPSK)

Figure 7 shows an example of transmitter and receiver

parameter setting for a fixed mode, where we can select

a forward error correction method (FEC ®4]) among
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uncoded, convolutional coded and convolutional code & ASa0lA elle 2 A=
combined with Reed Solomn (RS) codes along with System | TR | Charnel |Resul

modulation and demodulation schemes. N I

tioE e

As modulation schemes (‘HZ= W), there are phase

shift keying (PSK) based, quadrature amplitude N

modulation (QAM) based, amplitude phase shift keying ‘ -]
(APSK) based modulation schemes. There are 5 basic szmmedl m0 e
modulation orders regardless of the modulation scheme 22222 e0 [Mw

choices, and they are 4RS_BPSK, 2RS_BPSK, BPSK,
QPSK, and 8-PSK, where RS represents repetition of
symbols. In addition, there are 16-PSK for PSK based,
16-QAM and 64-QAM for QAM based, 16-APSK and
32-APSK for APSK based modulation schemes.

Fig 8. Example of Channel parameter setting

As soft demodulation schemes for iterative decoding (W There are various methods to estimate the performance,
HESEZ 93 AR Ex M) there are maximum the choice of displays can be set as shown in Fig. 9. As
likelihood (ML), Max-ML, hard decision threshold (HDT) we can see from Fig. 9, we can set the period of dynamic
based demodulation schemes. output of the BER (5% BER #7] F7]) as we want.

Every ACM combination is applicable except 16-APSK
or 32-APSK with convolutional coded or concatenated % AI82l0| A sfzhiE 27 CEX
convolutional codes combined with Reed Solomn codes. sl il oa] Fes |

® ASA0IA TRIHE 25 DER
System | TR&RX | Channel | Result
BECEETY
rec 4

S Outage S 7|

Dus-bnary burbo codes

5
5
b=
el
Convalution codes =

S O 25|

5 R | 37 [sec]

2z
BT
o= =9E Ht SIE S5y . . .
Fig 9. Example of result display setting
Fig 7. Example of transmitter and receiver parameter 4 Simulation results

setting for a fixed mode

In this section, we present simulation results of ACM

Channel - parameters are used o determine  the operation in rain faded satellite communication link. Table

characteristics of the satellite channel as shown in Fig. 8. 9 shows the simulation parameters we used to estimate

We can choose the channel type (' EtS2) to be an the performance of ACM systems. The adaptive modulator
and the demodulator select one of A/-PSK schemes
according to the control signal that is produced by the
selection algorithm.. Six modulation orders of AM-PSK
schemes are used includuing 4RS_BPSK, Z2RS_BPSK,
BPSK, QPSK, 8-PSK, 16-PSK. The link margin of 2 dB
is used to compensate the prediction and allocation errors
of the control algorithm.

AWGN or rain fading channel. If rain fading channel is
selected, there is an option to select rain date to be read
from the file or synthesized by using the model developed
in [3]-[5]. Signal to noise ratio (SNR) is determined in this
setting. The minimum rain attenuation value (4 7§ 7+
2] Fb) is the minimum rain attenuation value generated by
the synthesized model. A user can also use another rain

attenuation data file available.
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Table 2. Parameters of simulation system.

System parameters

Simulation time

2000 seconds

Frequency band 22 GHZ
Symbol rate 9600 symbols/second
Link margin 2 dB

Required BER 10°°

SNR 25 dB
Other parameters
Minimum fading depth -16 dB
Rain attenuation type Measured rate data
Prediction time 1 second
Observation time 2 seconds
Allocation interval 1 second

Coding scheme

Uncoded / Conv. codes

Demodulation type

Maximum likelihood (ML)

4.1 Results from the ACM schemes

Figure 10 shows the current and the predicted rain

attenuation values. In order to see if the predicted value
reasonably follows the real rain attenuation data, Figure 9
(b) shows the first 450 seconds of the whole simulation
time in (a), and it shows the predicted value are almost

the same as the real rain attenuation value.

=R

v - mezeay|

0 am am 600 800

(a) Rain attenuation value of 2000 seconds

1,200 1400 1600 1800 20

00

(b) The first 450 seconds of (a)
Fig 10. Rain attenuation value with the predicted value

Figure 11 shows the dynamic BER performance
variation during the simulation time for the uncoded ACM

scheme. As we can see, during the whole simulation time,

the BER value does not exceed the required BER of 10 °.
Table 3 shows the occupancy rate of various modulation
orders employed in the uncoded ACM operation during the
whole simulation time.

137 W —EER
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1087
9568
9086
B5ed
8088
7588
7088
B.oed
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5088
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4088
354
3088
2584
2088
158
108
5089
-4

00 40 60 80 1000 1,200 1,400 1,600 1,500 2000

Fig 11. Dynamic BER performance of the uncoded ACM
mode

Table 3. Occupancy rate of various modulation orders in
the uncoded ACM scheme

Modulation order Occupancy rate
4RS-BPSK 0.000500
2RS-BPSK 0.01249%4

BPSK 0.062969
QPSK 0.20989%
8-PSK 0.668166
16-PSK 0.045477
Figure 12 shows the BER performance of an

convolutional coded ACM scheme, and Table 4 shows the
corresponding occupancy rate of modulation orders. In the
coded scheme, we used a fixed code rate of 1/3, and a
constraint length of 7. Because of the coding gain by
utilization of the convolutional code, only higher order
modulation schemes are utilized as in Table 4.

1685

155

" — Outage
r — 87780

1485

13845

1285
1185
1085
9026
806
7028
6026
5026
4086
30e6
2026
1026

[

0 20 400 600 400 1,000 1,200 1400 15600 1,800 2000

Fig 12. Dynamic BER performance of the convolutional
coded ACM mode
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Table 4, Occupancy rate for modulation orders with
convolutional coded ACM schemes.

Modulation scheme Occupancy rate
QPSK 0.030485
8-PSK 0.180410

16-PSK 0.788606

4.2 Results from the Fixed schemes

Figure 13 and 14 show examples of BER performance
with fixed modes. The BER
performance in Fig. 13 is the result with an uncoded
QPSK over an AWGN channel with SNR of 10 dB, which

shows the same result of as the theoretical value.

simulation  results

8led
8084
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5884

0 m an 600 800 1,000 1200 1400 1600 1500 200

Fig 13. BER performance of the uncoded QPSK over an
AWGN at SNR = 10 dB

The BER performance shown in Fig. 14 is the result
with an uncoded 16-PSK over rain attenuation channel
with SNR of 25 dB. As we can see from it, the
performance degradation is serious due to the rain

attenuation without any power margin.

— BER
LAHWEBMTS

2.0e-2

-
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1.0e-2 4

S.0e-3

EOe-3

4.0e-3 o

2.0e-3 4

0.0e0

0 500 1,000 1,500 2,000

Fig 14. BER performance of the uncoded 16—PSK over
rain attenuation channel at SNR = 25 dB

4.3 Performance comparison

Table 5 shows the comparison of various ACM and

14

fixed schemes in terms of BER, effective spectral
efficiency and outage rate over rain attenuation channel
with the parameter in Table 2. The ACM schemes can not
only achieve the required BER but also have high effective
spectral efficiency, while the fixed scheme can only either
achieve the required BER with small outage rate or get
high effective spectral efficiency with very high outage

rate.

Table 5. Comparison of ACM and fixed modes over rain
attenuation channel

Effective Outage
Scheme BER spectral E
.. rate

efficiency

Uncoded ACM 1.94x10° 8 2,68 0.06
Coded ACM 6.59 <1076 3.76 0.02
UncodedQPSK 1.77x10°6 1.00 0.00
Uncoded 16-PSK 7.08x107 % 3.97 0.90

5. Conclusion

In this paper, we introduced an ACM simulator which
was developed to estimate the performance of satellite
system over a rain—faded channel. We presented the
details of the parameters of the ACM system. In addition,
we demonstrated the performance simulation results of
both uncoded and convolutional coded ACM schemes in
comparison with fixed schemes. From the results, we can
see that the designed ACM system can achieve the
required BER using the appropriate scheme allocated
under the predicted channel condition. The simulator can
employ a user defined ACM mode, and the performance of
each independent coding and modulation scheme included
in the ACM can be obtained from the fixed mode

simulation.
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