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Welcome Message from General Chair
The 11" Comnetsat 2022
(Thursday — Saturday), 03" — 05" November 2022

On behalf of the Organizing Committee, [ am very delighted to welcome you
all keynote speakers, presenters, and participants to the 11th 2022 IEEE
International Conference on Communications, Network, and Satellite (IEEE
Comnetsat 2022). IEEE Comnetsat is an annual conference of the IEEE
Communications Society (ComSoc) Indonesia Chapter, the IEEE Indonesia
Section, and the IEEE AESS/GRSS Indonesia Joint Chapter. This year, IEEE
Comnetsat 2022 is organized by Institut Teknologi Telkom Purwokerto (ITTP)
and Universitas Semarang (USM).

IEEE Indonesia Section has conducted many activities over 30 years in Indonesia. Regarding
collaboration, the IEEE Indonesia section has a good and mutual relationship with ICT organizations,
Industries, Governments, Universities, and the Community in Indonesia. We hope other high-quality
conferences will be continued and strengthened so that the result will benefit and positively impact
human beings, especially Indonesian people.

The core purpose of IEEE is to foster technological innovation and excellence for the benefit of
humanity. Here, researchers, scientists, students, and practitioners come together to participate and
present their latest research findings, developments, and applications related to the various aspects of

the current state of technology and the outcome of ongoing research in the area of Communications,
Networks, and Satellite Systems.

Despite the challenges, the IEEE Comnetsat 2022 Organizing Committee and volunteers worked very
hard to complete the conference program, uphold the quality of conferences, and meet authors’
expectations. [IEEE Comnetsat 2022 aims to address the current state of technology and the outcome of
ongoing research in the application of computer and communication, networks, satellite systems,
broadband photonic systems, data science, and artificial intelligence.

Last but not least, I would also like to express sincere and special thanks to the IEEE Communications
Society (ComSoc) Indonesia Chapter, the IEEE Indonesia Section, and the IEEE AESS/GRSS
Indonesia Joint Chapter, which have shown great support to this event.

I hope you will benefit from this conference and enjoy networking with colleagues from across the
globe for future collaboration globally. Your support will also make this a memorable and successful
event.

Wishing you all to join us to make IEEE Comnetsat 2022 a successful and safe event. Thank you.
Sincerely,
Dr. Arfianto Fahmi, S.T., M.T.

General Chair

978-1-6654-6030-9/22/$31.00 ©2022 IEEE
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Abstract— The use of high frequencies in the SG system
resulting in the sensitivity of the surrounding
environment and attenuation such as human blockage.
This study analyzed the performance of frame error rate
(FER) based on polar code and without polar code on
broadband channels that are affected by human blockage
using a frequency of 2.3 GHz, bandwidth of 99 MHz, and
the CP-OFDM technique. The purpose of this research is
to determine the FER performances using polar codes
and without polar codes on 5G network broadband
channels that are affected by human blockage which has
been validated with outage performances. Broadband
channels on the 5G network are presented in a
representative Power Delay Profile (PDP) with the
influence of human blockage obtained as many as 41
paths with multiple delays of 10 ns on each path. This
research was also used the scaling method on
representative PDP because it could adjust the use of FFT
of 128 blocks and the results of this scaling showed that
there are 9 paths with multiple delays of 50 ns. This
research evaluates the average FER of 103 . FER
performance without a polar code is affected by human
blockage (R=1) and required a Signal to Noise (SNR) of

41 dB. However, by using a polar code R = % required an
SNR of 20.1 dB. The results showed that the utilization of

cyclic prefix (CP)-OFDM with channel coding helps the
diversity effect of 5G transmissions te achievable.

Keywords—FER, Polar Codes, Outage Performances, OFDM,
2.3 GHz

I. INTRODUCTION

The COVID-19 pandemic has caused all economy
sectors (local and abroad) suffer losses. Despite unfavorable
condition, the telecommunications technology sector is
actually growing very swiftly and the need for
communication is driving the growth of technology,

978-1-6654-6030-9/22/$31.00 ©2022 IEEE

especially in the field of cellular communications to develop
and fulfill the needs of mobile internet services. People now
tend to take advantage of internet-based services such as
video streaming, video conference and similar services that
require a stable connection, large data consumption, and high
reliability hence cellular communication services are needed.
The internet telecommunications service will be optimized by
implementing the 5G cellular network.

The development of cellular technology has now
reached the fifth generation (5G), which has been released
from 2020. Until now, the research into 5G is still ongoing.
The implementation of 5G technology certainly requires
good preparation in terms of infrastructure and parameter
design based on the broadband channel model [1]. Broadband
channels apply an introduction system that has very wide
channels so the accommodated capacity is greater than the
narrowband channels used in low-speed systems [2]. 5G
technology uses a very high spectrum band, which uses
frequencies between 1 GHz to 100 GHz [3]. One of the 5G
frequencies applied in Indonesia is 2.3 GHz which was used
in this reseacrh. The 5G system is very sensitive to the
environmental change and its surroundings. Factors that
affect attenuation of 5G system include temperature,
humidity, air pressure, rainfall, and vegetation thickness.
Apart from the factor of environment conditions, one factor
that is no less important is a human blockage, which is caused
by humans blocks nearby the mobile phones and buildings
blocks that create shadowing loss within a few hundred
milliseconds [4].

Research related to channel modeling of previous 5G
networks [5] on human blockage due to crowds or pedestrians
around the site showed an impact on the 5G network
millimeter wave (mmWave) communication system. That
research used electrically controllable and narrow bandwidth
antenna arrays. The models presented in our research are
valuable for extending the statistical channel model in
mmWave to accurately simulate real-world pedestrian
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blockages when designing fifth-generation (5G) wireless
systems. Research [1] conducted channel modeling on 5G
networks using the Statistical Channel Model (SSCM)
technique. This study used a bandwidth of 200 MHz and a
frequency of 28 GHz and parameters of air pressure of 924.1
mBar, humidity of 77.87% and average temperature of 23.65
°C. Based on the evaluation of the 5G wireless network
performance in Indonesia with the environmental parameters
of Bandung city,it was found that the 5G channel can be
modeled and represented by multipath fading with 18 lanes
and delay interval of 10 ns. Research [6] a channel
performance on a 5G communication system was influenced
by the maximum and minimum temperatures and each city
has different environmental data parameter as well as the
selection of coding rates to be more efficient. On wireless
communication systems it is necessary to take into account
many factors and parameters that cannot be ignored. Outage
probability is one of them. Several other factors such as
interference and transmission capacity are closely related to
the outage probability. Outage Probability is one of the
parameters to determine the good and bad performance of the
network system wireless. Therefore the Outage Probability
channel can be used to evaluate the performance of systems
wireless.

This research evaluated the 5G network broadband

channel at a frequency of 2.3 GHz and a bandwidth of 99

MHz by looking at the effect of human blockage using a
channel simulator. The test was carried out using the OFDM
numerology concept in the 5G NR standard with a cyclic
prefix (CP) size and BPSK modulation. The performance of
the broadband channel was done by evaluating the Frame
Error Rate (FER) which was validated with outage
performance within tested parameters using polar channel
coding. This method could correct errors in data transmission
so that the reliability of the 5G cellular communication
system can increase.

II. RESEARCH METHODOLOGY

A. Broadband Channel

Fig. 1 showed a broadband communication system on the
sending and receiving sides which hadH as a broadband
channel. This research was conducted using channel
broadband with human blockage effects. The capacity for
broadband channels can be calculated using [7]

C~B XN_;log, (1 + [y, |2 ), (1)

B showed bandwidth,y is signal to noise ratio. The symbol
U, represent the eigenvalue of parallel channel.

Fiuman

Tx g r&f_t:‘ms Rx

Fig. 1.The 5G Network Broadband Channel With Human Blockage Effects
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From this research, the broadband channel would be
represented by a PDP representative. PDP representative was
the intensity derived from the signal received by the receiver
via a multipath channel with a certain delay. PDP
representatives in this study were the results of calculations
after getting PDP instantancous [8]. The following are the
steps taken in presenting the PDP [9]

1. Rounding off for each PDP with the rounding range
around AT<1/B, this research used a bandwidth (B)
of 99 MHz, therefore AT = 10 ns.

2. Adding all paths at the same time delay t for all
PDPi.

3. Using the Cumulative Distribution Function (CDF)
percentile of 90 of all power according to PDP.

4. Using a threshold of -140 dB from a PDP
representative. The threshold is assumed to be a 5G
NR sensitivity device.

5. Using the scaling method to obtain the required
FFTsize (FFTori) so the obtained paths which meet
the CP length requirements must be greater than or
equal to the original total path (Q > ZPathori). This
research was using an FFTsize of 128, the scaling
method is calculated by (2)

FFT
Z lDathmodif =

modif PDP,
FFT o real

2

128
—ﬁ.éll

=9.20 = 9 path
path to get the final PDP or PDP

o

Normalize the
representative.

The data needed to get a broadband channel on the 5G
network were environmental data in the form of rainfall, air
pressure, temperature and humidity in the city of Yogyakarta.
This environmental data is obtained from the Meteorology,
Climatology and Geophysics Agency (BMKG) as input
parameters on the simulator channel. This study was used a
frequency of 2.3 GHz with a bandwidth of 99 MHz, the
distance between the transmitter and receiver was 100 meters
and a broadband channel which affected by human blockage
for 5G cellular communication in the Yogyakarta area.
Environmental data taken from January-May which has been
obtained from BMKG will be input to the simulator by taking
the average value of each environmental parameter. Table 1
shows the environmental data parameters of the city of
Yogyakarta, Indonesia.

TABLE 1. INPUT PARAMETERS AT CHANNEL SIMULATOR

Channel Parameters Value
Frequency (GHz) 2,3 GHz
Radio Frequency (RF) Bandwidth 99 MHz
Scenario Urban Microcell (UMi)

Environment Non Line of Sight (NLOS)

Tx Power 30 dBm
Tx-Rx Separation Distance Lower | 100 meter
dan Upper Bound

Air pressure 990,1 mbar
Humidity 82,5 %
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Temperature 26,5°C

Rain Rate 10,08 mm/hr

Polarization Co-Pol (Co-Polarization)

Foliage Loss -

Distance Within Foliage 0Om
Foliage Attenuation 0,4 dB/m
Number of Rx Location 1000

B. Orthogonal Frequency Division Multiplexing (OFDM)

OFDM has a correlation between sub-channels that did
not interfere with each other. Each data was sent with CP to
avoid inter-symbol interference (ISI) and inter-channel
interference (ICI) [4] . The application of 5G NR access radio
technology has the option of a frequency category below 6
GHz, so a different service support was needed. OFDM could
not meet the needs of the performance of all implemented
frequency ranges so that the OFDM numerology was needed
for 5G radio access technology (RAT) issued by 3GPP which
was shown in Table 2: This study was using OFDM
numerology 1 and FFT size of 128.

TABLE 2. OFDM NUMEROLOGY USED IN 5G TECHNOLOGY

Parameters/Numer | 0 1 2 3 4
ology ()

Subcarrier 15 30 60 120 240
Spacing (KHz)

OFDM Symbol 66.67 33.33 16.67 8.33 4.17
Duration (us)

Cylic Prefix 4.69 2.34 1.17 0.57 0.29
Duration (us)

OFDM Symbol 71.35 35.68 17.84 8.92 4.46
incl. CP (us)

Bandwidth 4.32 8.64 17.28 34.56 69.1
minimum (MHz) 2
Bandwidth 49.5 99 198 396 397.
minimum (MHz) 44

C. Complex- Binary Phase Shift Keying

This research was C-BPSK modulation. C-BPSK
modulation produces symbols with complex values (real and
imaginary). In C-BPSK modulation, bits of information b(i)
are mapped into a complex value modulation symbol which
can be expressed as [10]

x= (1= 2b(®) +i(1 - 2b())]

D. Polar Codes

Polar Codes were classified as linear block codes based
on a phenomenon known as channel polarization. Polar codes
were first known to be capable of reaching Shannon capacity
for Binary Discrete Memoryless Channel (BDMC) input
[11]. Fig. 2. shows the structure of polar codes if it has a block
length of 2 bits Uy, U; . It is the bit sent which will be
operated with X@R and produce output bit X, X;.[12]

3

uo d X0

Ul X1

Fig. 2. Polar Code Structure with Block Length is Two

E. Outage Performances
The outage probability (B, ) is expressed as

P, =Pr(R>0C), 4)

Pr means probability, R is rate, and C is capacity. The outage
probability indicating when C is dropped under channel
coding rate R. Thus, if R < C, the transmission considered a
success with error close to zero. Unfortunately, Shannon’s
theorem was not a constructive proof, it merely states that such
a coding method exists [13].

F. Frame Error Rate (FER)

FER analysis using polar codes and CP-OFDM system can

be calculated as

> Fe

FER = ﬁ (5)

where Fe is total of error frame in receive and Ft is total of
transmitted frame.

III. RESULT AND ANALYSIS

A. 5G Broadband Channel

The results of the data from the simulation with 1000
receivers on the channel simulator obtained instantaneous
PDPI to PDP1000 with scenarios influenced by human
blockage. Fig. 3. shows the x axis represents delay in units of
ns and the y axis states receive power in units of dB. This study
obtained a PDP representative of 41 paths on channel which
was affected by human blockage. Each path has a delay of 10
ns as shown in Fig. 3.

On OFDM, the number of paths must be less than or equal
to the length of CP. For OFDM numerology 1, the CP length
was Q = 9. Because the number of paths more than Q, it was
necessary to scale method with an interval of 50 ns by
reducing the number of paths. Fig. 4. shows the PDP scaling
results into a number of 9 paths. The delay in PDP scaling each
path has a multiple of 50 ns.

L} T T T
Frequency: 2.3 GHz
® Bandwidth: 99 MHz
o @ Temperature: 26.5° C
-20 ® Air Pressure: 990.1 mBar
bl d & Humidity: 82.5%
L) P Rain Rate: 10,08 mm/hr
Ak ] Rx Loeation: 1000
40 ° *? ““ Propagation: NLOS
= L 0““ “0 With Human Blockage Effect
£ ]
& [ ] 0
= 60 ? e
] 9009 o
= ®
o
& LI )
o
B R0
T
o
L7
o
-100
-120
-140
0 30 100 150 200 250 300 350 400 450
Delay (ns)

Fig. 3. Representative PDP Using 5G Network Broadband Channel
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Fig. 4. Modified PDP Using 5G Network Broadband Channel

B. Outage Performances

This research aims to evaluate the performances of
broadband channel in terms of outage performances. As
shown in Fig.5, this research was compared theoretical outage
with FER based on the simulation. The outage performances
of 5G broadband channel was obtained by taking value on a
particular R for each SNR. The theoretical outage was a
benchmark for possible outage performance regarding the
Shannon capacity calculation.

The outage probability ofl0~3 from 5G system can be
achieved with SNR of 19.9 dB onR =1 and SNR of 18.4 dB

on R= 1/2. The SNR gab between outage probability of
1073 is 1.5 dB. These outage performance and SNR value are
to be a theoretical for validation FER.

C. FER Performances

To evaluate the validity of theoretical outage performance
5G broadband channel, obtained directly from the PDP, this
research evaluated the FER wusing CP-OFDM with
numerology 1, modulated by C-BPSK and coding rat =

10"

1wt

Outage Performances

1w

10 - -
0 5 10 15 20

Average SNR (dB)

Fig. 5. Outage Performances R=1 and R=1/2

—&— Outage
— % —Ou

— + —FER Polar Codes R=1,2

1t

Average FER

10

0 5 10 15 0 25 E11]
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Fig.6. FER Performances Using Polar Codes and Uncoded

{1, 1/2}. The considered channel coding scheme are polar
codes.

This research evaluated the FER performances of the 5G
with polar codes and showed rate of R = 1/2. Uncoded CP-
OFDM performances was also shown as a baseline
comparison. The diversity effect could be captured using
channel coding. This research found that slopes for FER of
polar codes was closer to the slope of theoretical performances
due to better error correcting capability of the polar codes.

Fig.6. shows the FER of 1073 is achieved at SNR of 20.1
dB for polar codes and SNR of 41 dB for un-coded CP-
OFDM. The SNR gab between FER of1073 is 20.9 dB.
Stronger coding should be utilized to confirm the validity of
the theoretical outage performances.

IV. CcoNCLUSION

This research evaluated broadband channels on 5G
networks to see their effect on human blockage by using polar

codes R = % and un-codedR =1 . The broadband channel

showed an average FER ofi0~3 with SNR of 20.1 dB for
polar codes and SNR of 41 dB for un-coded CP-OFDM. The
SNR gab between FER of1073 is 20.9 dB. However, the
polar codes has better error of correcting capability indicated
by closer performances to the theoretical outage.

ACKNOWLEDGMENT

We would like to thank to Kementerian Riset, Teknologi,
dan Pendidikan Tinggi for fully supporting this research
through the research grant of Penelitian Dosen Pemula (PDP)
scheme for fiscal year 2022.

REFERENCES

[1] E. Cristy and K. A. Rina Puji Astuti, “Telkom University
5G Channel Model Under Foliage Effect and Their
Performance Evaluations,” Int. Conf. ICT Rural Dev.
IC-ICTRuDev, 2018.

[2] E. Arikan, “Channel Polarization: A Method for
Constructing Capacity-Achieving Codes for Symmetric
Binary-Input Memoryless Channels,” IEEE Trans. Inf.

297



2022 IEEE International Conference on Communication, Networks and Satellite (COMNETSAT)

Theory, vol. 55, no. 7, pp. 3051-3073, Jul. 2009, doi:
10.1109/TIT.2009.2021379.

[3] Admaja and Awangga Febian Surya, “Kajian Awal 5G
Indonesia (5G Indonesia Early Preview),” Bul. Pos Dan
Telekomun., vol. 97114, 2015.

[4] Reni Dyah Wahyuningrum, Khoirul Anwar, and Levy
Olivia, “Humidity Effect to The Indonesia 5G Channel
Model at 3.3 GHz,” Symp. Future Telecommun.
Technol. SOFTT, 2019.

[5] M. Nuraini Rahman, Khoirul Anwar, and Levy Olivia
Nur, “Indonesia 5G Channel Model Considering
Temperature Effects at 28 GHz,” 2019 Symp. Future
Telecommun. Technol. SOFTT, Nov. 2019, doi:
10.1109/SOFTT48120.2019.9068606.

[6] Khoirun Ni’amah, Shelly Nurjannah, and Achmad Rizal
Danisya, “Model Kanal 5G Frekuensi 28 GHz dengan
Pengaruh Suhu di Kota Yogyakarta,” ELKOMIKA, vol.
8, no. 2, pp. 276-287, 2020.

[7] Alfaroby, Khoirul Anwar, and Nachwan Mufti, “Study
on channel model for Indonesia 5G networks,” Int. Conf.
Signals Syst. ICSigSys, 2018.

[8] M. N. Hasan and K. Anwar, “Massive uncoordinated
multiway relay networks with simultaneous detections,”
in 2015 IEEE International Conference on
Communication Workshop (ICCW), London, United
Kingdom, Jun. 2015, pp. 2175-2180. doi:
10.1109/ICCW.2015.7247504.

[9] Reni Dyah Wahyuningrum, Khoirun Ni’amah, and
Solichah Larasati, “Model Kanal 5G dengan Pengaruh
Kelembaban pada Frekuensi 3,3 GHz dan Bandwidth 99
MHz Berbasis Convolutional Codes,” ELKOMIKA, vol.
9, no. 4, pp. 878-887, 2021.

[10] A. Purwita and K. Anwar, “Massive Multiway Relay
Networks Applying Coded Random Access,” [EEE
Trans. Commun., pp- 1-1, 2016, doi:
10.1109/TCOMM.2016.2600562.

[11] A. Sharma, “Polar Code : The Channel Code Contender
for 5G Scenarios,” J. Commun., pp. 676—682, 2017.

[12] D. K. Kythe and P. K. Kythe, Algebraic and Stochastic
Coding Theory, 0 ed. CRC Press, 2017. doi:
10.1201/b11707.

[13] G. R. MacCartney Jr'T. and S. Rappaport, “Rapid Fading
Due to Human Blockage in Pedestrian,” Glob. Commun.
Conf. GLOBECOM, 2017.

298



	4f7f036c5f911b078d81286e102a0af9eda820c375afcb0b7f0705c85b126f95.pdf
	Page 1

	4f7f036c5f911b078d81286e102a0af9eda820c375afcb0b7f0705c85b126f95.pdf
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14

	4f7f036c5f911b078d81286e102a0af9eda820c375afcb0b7f0705c85b126f95.pdf
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64


