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Abstract—5G Technology is prone to channel noise during 
transmission due to its wireless communication nature. The 
channel’s noise can alter the transmitted signal resulting in 
data errors on the receiving end. Burst error is a type of data 
error that produces errors in a localized manner, meaning 
the errors are close to each other for a certain length of time. 
The Forward Error Correction (FEC) methods used in 5G 
Communication are Low Density Parity Check (LDPC) and 
Polar Code which have great encoding and decoding 
performance, however, these FEC methods have lesser 
performance on channels that induce burst error. This 
research proposed a Reed-Solomon (RS) Code and Polar-RS 
Concatenation Code implementation on 5G Technology. RS 
Code and Polar Code concatenation will create an FEC that 
inherits the burst error correction capability of RS Code and 
the low complexity of Polar Code. The BER and throughput 
performance of RS and Polar-RS will be compared to LDPC 
in the Additive White Gaussian Noise (AWGN) channel and 
burst error channel (Gilbert-Elliot Channel). The Bit Error 
Rate (BER) results in Gilbert-Elliot Channel of Polar-RS 
Code is 𝟏𝟎ି𝟖 when Eb/No equals 0 dB and Eb/No, equals 8 
dB for RS Code. Compared to LDPC with a BER value of 
𝟏𝟎ି𝟖 when Eb/No is 13 dB, Polar-RS and RS Code have 
superior BER performance on the burst error channel. The 
simulation of 5G Physical Downlink Shared Channel 
(PDSCH) on the Gilbert-Elliot channel using Polar-RS 
results in a throughput value of 100 % when Eb/No equals 
6dB whereas 5G PDSCH that uses LDPC has a throughput 
value of 100 % when Eb/No equals 11 dB. The proposed 
Polar-RS Code can solve the LDPC’s poor BER and 
throughput performance on burst error cases so that Polar-
RS Code can be a good candidate for the future release of the 
5G Communication System’s FEC. 

Keywords—reed-solomon code, polar-RS code, 5G, burst 
error, forward error correction 

I. INTRODUCTION

5G Communication is a mobile wireless technology 
defined by 3GPP LTE Release 15 standard [1, 2]. This 
technology has three pillars of service delivery which are, 
eMBB that explains that 5G technology uses broadband 
communication that delivers fast data rate transfer, 
URLLC which explains that 5G technology has high 

Manuscript received May 15, 2024; revised July 29, 2024, accepted 
August 6, 2024; published October 14, 2024.

reliability and low latency, and Massive Machine-Type 
Communication (mMTC) which explains that 5G 
technology can provide large coverage of connectivity and 
the ability to connects large amounts of users both human 
and non-human [3, 4].  

5G system has many channels to transmit different 
kinds of data. Physical Downlink Shared Channel 
(PDSCH) is one of the channels used to transmit downlink 
data from gNodeB to the user equipment [5]. 

PDSCH uses Quadrature Phase Shift Keying (QPSK), 
16 Quadrature Amplitude Modulation (QAM), 64 QAM, 
and 256 QAM to modulate the carrier signal [6]. This 
channel also uses Low Density Parity Check (LDPC) for 
its Forward Error Correction (FEC) method. 

Data transmission through wireless communication is 
prone to channel noise that can produce errors on the 
receiving end. One type of error that often happens is burst 
error where the error is close together in respect of time. 
One of the causes of burst error is the multiplexing process 
especially Orthogonal Frequency Division Multiplexing 
(OFDM) [7–9]. OFDM is used in the 5G communication 
system, hence, to ensure the performance of a 5G system, 
FEC methods are used in the 5G system. 

5G Communication uses LDPC and Polar Code as its 
FEC. LDPC is used for data signal transmission and Polar 
Code is used for control signal transmission [10–14]. 
These two FECs are used in this communication 
technology because of their fast encoding and decoding 
process [15] and good error correction capability. 
However, these FEC methods have lesser performance in 
burst error channels [16]. 

Burst error can be modeled using a Gilbert-Elliot 
channel model [16, 17]. This channel model uses a two-
state Markov model to represent two channel states, the 
bad state, and the good state as illustrated by Fig. 1 [16]. 
The bad state represents a channel with a high probability 
of error and the good state represents a channel with a low 
probability of error. The channel’s state change is 
governed by a set of state probabilities. These state 
changes can produce a burst error pattern in some 
transmitted data. The good state represents the Additive 
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White Gaussian Noise (AWGN) channel with a high 
Eb/No value whereas the bad state represents the AWGN 
channel with a low Eb/No value. 

 
Fig. 1. Binary two-states Gilbert- Channel Elliot model [16]. 

The Reed Solomon Code is a family of block codes that 
create parity check bits for each symbol [18–22]. The 
parity check bits are generated by using arithmetic in 
Galois Field [23–28]. This algorithm makes Reed-
Solomon Code have a superior performance in a burst error 
condition. The usage of Galois Field in the decoding and 
encoding process makes Reed-Solomon Code has slower 
decoding and encoding process compared to LDPC [16]. 

The LDPC has lesser performance in some cases of the 
Gilbert-Elliot Model Channel compared to Reed-Solomon 
Code based on the comparison of LDPC with 
messageword lengths of 127 and 173 and the Reed-
Solomon Code with the architecture of RS (127, 63) and 
(255, 127) [16]. The Reed-Solomon (RS) Code can be 
implemented as the replacement of the LDPC code, The 
only problem is the RS encoding and decoding process 
time that must be shortened to be able to have the same or 
faster than the encoding and decoding process of LDPC 
[29]. 

To lower the decoding and encoding complexity and 
improve the decoding performance, RS Code and Polar 
Code are concatenated [30]. Hence error correction 
capability from each FEC can be achieved with lower 
complexity. 

The Bit Error Rate (BER) performance of LDPC and 
Reed-Solomon Code has been simulated through the 
Additive White Gaussian Noise (AWGN) channel in 
various papers [31–33]. This paper will simulate BER 
performance LDPC, RS code, and Polar-RS code 
communication through AWGN and Gilbert-Elliot 
Channel. Each FEC method’s performance in both 
channels will be directly analyzed and compared so that 
the best FEC method can be determined. Furthermore, the 
determined FEC will be simulated as the FEC block in a 
5G PDSCH system and the throughput will be measured. 
This ensures the determined FEC performance in the 5G 
system is better than the current 5G FEC. The usage of 
better-performance FEC will result in better throughput 
and delay in data transmission over the 5G network.  

This experiment focused on the LDPC’S low 
performance on burst error channel (Gilbert-Elliot). The 
proposed solution for that problem is using Reed-Solomon 
Code and Polar-RS code for replacing LDPC. The 

measured performance is BER and throughput. The BER 
and throughput values will indicate the FEC’s 
performance in both AWGN Channel and Gilbert-Elliot 
Channel. Section II discusses related work concerning on 
Reed-Solomon Code, Polar-RS code, and LDPC BER 
Performance on AWGN and Gilbert-Elliot Channel, 
Section III discusses the proposed model and measurement 
model of this experiment, Section IV discusses the 
simulation result, and Section V discusses the conclusion 
of this experiment. 

II. LITERATURE REVIEW 

This paper focused on the LDPC’s poor performance on 
burst error channels. Other FEC alternatives are 
considered to find a better FEC’s performance than LDPC, 
so that, the FEC can replace LDPC on 5G Communication 
Technology. This will make 5G Communication more 
robust and have higher throughput. 

A. Various Coding Scheme Comparison 

LDPC is an FEC that consists of parity check matrices. 
LDPC has great error correction performance while using 
an iterative decoding algorithm [29]. LDPC has high 
effectiveness due to its low decoding complexity. 

LDPC has a great error-correcting performance in the 
Gilbert-Elliot channel [29]. The Reed-Solomon Code 
produces the least error decoding probability for 
considering Gilbert channel parameters, however, in 
Gilbert-Elliot Channel with errors in a “good” state, LDPC 
performance is more effective [16]. This can be interpreted 
as the Reed-Solomon Code having superior performance 
when dealing with burst error “bad” state, but LDPC has 
better performance when dealing with “good” state error 
[16]. 

B. Polar Code Interleaving and Decoding Schemes 
Comparison 

Polar Code is an FEC that maps the message word into 
different kinds of virtual polarized channels [8]. Every 
codeword K bit has its own K most reliable channels [8]. 
The reliable channel is used to transmit the message, and 
the rest is for the frozen bit. The Polar Code has low 
complexity compared to the Reed-Solomon code. Polar 
Code also solves the error floor problem that happened in 
LDPC. The computation time for polar code is more stable 
than LDPC codes in varying environments and for 
different code length [34]. 

A model of FEC which consists of a polar code with an 
outer BCH code is proposed [35]. The said model is tested 
for its BER performance for Random Interleaving (RI) and 
Blind Interleaving (BI) [35]. The research concludes that 
the BI scheme has better performance than the RI scheme, 
moreover, the BCH-Polar concatenated code performs 
better than the concatenated LDPC but performs worse 
than the concatenated Turbo code [35, 36]. 

C. Polar-RS Concatenation Code 

A model FEC which consists of a concatenation of the 
Reed-Solomon Code and Polar code with threshold is 
proposed [37]. The proposed model has a high decoding 
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performance, low decoding complexity, and short latency 
[37]. In their paper, the improved concatenation scheme 
gives a coding gain advantage of 0.4 dB, and it can reduce 
the average number of RS codewords by 65 % and 
decrease the decoding latency by 50 % when the Signal to 
Noise Ratio (SNR) is 1.75 dB.  

Compared to LDPC, Polar code has more stable decode 
and encode time. The computation times of Polar codes are 
about 3 times compared to LDPC codes at Eb /N0 of 5 dB 
[34]. The better performance of RS code in Burst error case 
and the better performance of Polar Code computation 
make the Polar-RS code is proposed to be used in 5G 
transmission.  

The proposed Polar-RS Concatenation uses the Reed-
Solomon Code as the outer layer of the FEC and the Polar 
Code as the inner code. The codeword produced by the 
Reed-Solomon code is interleaved before it is coded with 
polar code as shown in Fig. 2. 

 
Fig. 2. Proposed polar-RS concatenation scheme [37]. 

D. 5G Specification 

Fig. 3 [38] shows the BER value for a 5G 
communication system is 10ିସ when the SNR value is 
approximately 26 dB [38]. 

 

 
Fig. 3. Bit error rate performance of indoor 5G communication [38]. 

III. MATERIALS AND METHODS 

This research simulates the FEC code performance 
under AWGN Channel and Burst Error (Gilbert-Elliot) 
Channel. 

A. AWGN Channel Model 

The AWGN channel model will use these parameters: 
 The ratio of bit energy density and noise energy 

density (Eb/No) that varied from −5 to 25 dB 
 The ratio of symbol gain and noise energy density 

(Es/No) can be formulated by: 
 

ாೞ

ேబ
ൌ 10𝑙𝑜𝑔ଵ଴ሺ𝑞ሻ                         (1) 

 

where, q is the number of bits per symbol of channel 
coding. 

 The ratio of symbol gain and noise energy density 
(Ec/No) can be formulated by: 
 

ா೎

ேబ
ൌ 10𝑙𝑜𝑔ଵ଴ሺ𝑅ሻ                         (2) 

 

where, R is the coding rate of the FEC. 

B. Gilbert-Elliot Channel Model 

Gilbert-Elliot has two states, which are a good state and 
a bad state. The good state is simulated by an AWGN 
channel that has a greater value of the ratio of bit energy 
density and noise energy density (Eb/No), whereas the bad 
state is simulated by an AWGN with a lesser value of the 
ratio of bit energy density and noise energy density (Eb/No). 

The change in the channel’s state is determined by the 
set of probabilities shown in Table I. This change of state 
will simulate a burst error on signal transmission. 

The difference value between good and bad states can 
be formulated by: 

 
ா್

ேబ௕
ൌ

ா್

ேబ௚
െ 10𝑑𝐵                        (3) 

 

Hence, the parameter of the Gilbert-Elliot Channel 
Model can be described as 

1) Good State 
 the ratio of bit energy density and noise energy 

density (Eb/No) that varied from –5 to 25 dB 
 the ratio of symbol gain and noise energy density 

(Es/No) can be formulated by: 
 

ாೞ

ேబ
ൌ 10𝑙𝑜𝑔ଵ଴ሺ𝑞ሻ                          (4) 

 

where q is the number of bits per symbol of channel coding. 
 The ratio of coding gain and noise energy density 

(Es/No) can be formulated by: 
 

ா೎

ேబ
ൌ 10𝑙𝑜𝑔ଵ଴ሺ𝑅ሻ                         (5) 

 

2) Bad State 
 the ratio of bit energy density and noise energy 

density (Eb/No) that varied from –15–15 dB 
 The ratio of symbol gain and noise energy density 

(Es/No) can be formulated by Eq. (4). 
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 The ratio of coding gain and noise energy density 
(Es/No) can be formulated by Eq. (5). 

TABLE I. PROBABILITIES OF GILBERT-ELLIOT CHANNEL STATE 

CHANGE 

Probabilities Value 
p10 0.1 
p01 0.01 
p11 0.99 
p00 0.9 

C. Reed-Solomon Code Architecture 

The Reed-Solomon Code Architecture is designed using 
GV Bound, and Singleton bound as the interval for the 
code rate used in each architecture.  

By using those algorithms, various architectures of 
Reed Solomon Code can be tabulated to become Table II  

TABLE II. REED-SOLOMON CODE ARCHITECTURE 

Notation #Messageword #Codeword 
Error Correction 

Probability 
RS (63,56) 56 63 3 
RS (63,55) 55 63 4 
RS (63,53) 53 63 5 
RS (31,28) 28 31 1 
RS (31,26) 26 31 2 
RS (31,25) 25 31 3 
RS (15,13) 13 15 1 
RS (15,11) 11 15 2 
RS (15,10) 10 15 3 

 
The Reed-Solomon Code Architecture is designed by 

using Gallois-Varshamov (GV) Bound, and Singleton 
bound as the interval for the code rate used in each 
architecture. 

For an RS Code with a codeword length of 63 bits, we 
can calculate the code bound using Singleton Bound that 
can be formulated by: 

 

𝑑 ൑ 𝑛 െ 𝑘 ൅ 1                               (6) 
 

The other bound that is used is the GV bound, which is 
formulated by: 

 

𝑅 ൒ 1 െ
௟௢௚೜ቀ∑ ቀ

௡
௝ ቁሺ௤ିଵሻೕ೏షభ

ೕసబ ቁିଵ

௡
                        (7) 

 

D. Polar-RS Concatenation 

RS Code is used as the outer layer of the FEC 
concatenation method and Polar Code is used as the inner 
layer of the FEC concatenation method [14]. The 
codeword produced by the RS Encoder is interleaved 
before entering the Polar Encoder [14]. This method will 
increase the performance of this FEC Concatenation 
method. Fig. 2 describes the architecture of said FEC 
concatenation method proposed in this paper. 

E. Simulated Model for BER Measurement 

In this paper, the BER performance of RS Code and 
LDPC is measured in four different scenarios which are 
BER measurement for variation of RS Code Architectures, 
BER measurement for variation of channel modulations 
(Quadrature Phase Shift Keying (QPSK),16 Quadrature 

Amplitude Modulation (QAM), 64 QAM), BER 
measurement for Polar-RS and LDPC, and BER 
measurement using an image as input data. 

The algorithm shown in Fig. 4 can be explained by these 
steps: 

 Random binary data with the size of 10,000 bits 
are generated. 

 Zeros will be added to the end of the binary data 
to match the architecture of the Reed-Solomon 
Code. 

 The data will be modulated with the chosen 
modulation method (QPSK/16 QAM/ 64 QAM); 

 The modulated signal will be transmitted through 
the channel (AWGN/Gilbert-Elliot); 

 The affected signal will be demodulated with the 
same modulation method that has been used to 
modulate the signal. 

 The data from demodulation will be decoded with 
the FEC decoder to recover the original message. 

 Recovering the data by removing the trailing zero. 
 The recovered data will be compared with the 

original data to determine the BER value. 
 

 
Fig. 4. Simulated system for bit error rate measurement. 

F. Simulated Model for BER Measurement 

In this paper, the throughput performance of Polar-RS 
Code and LDPC are measured by simulating the 5G 
PDSCH system that transmits the signal through AWGN 
and Gilbert-Elliot Channel. The parameter used by this 
simulation is listed in Table III. 

The algorithm shown in Fig. 5 can be explained by these 
steps: 

 Random binary data with the size of 100 bits 
representing 1 transport block are generated. 

 Generate 10 transport blocks. 
 Zeros will be added to the end of the binary data 

to match the architecture of the Reed-Solomon 
Code. 

 The data will be coded in the Downlink Shared 
Channel (DL-SCH) block that includes the tested 
FECs which are LDPC and Polar-RS Code. 

 The coded data will be modulated in a PDSCH 
block that includes QPSK Modulation with one 
layer of PDSCH so that one layer is composed of 
one codeword. The Number of Resource Block 
(NRB) used in this simulation is 52. 

 The Sub-Carrier Spacings of the PDSCH block 
are varied with the values of 15, 30, 60, 120, and 
240 kHz. 

 The modulated signal will be transmitted through 
the channel (AWGN/Gilbert-Elliot); 
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 The affected signal will be demodulated with the 
PDSCH Decode. 

 The data from demodulation will be decoded with 
the FEC decoder in the DL-SCH Decoder to 
recover the original message. 

 Recovering the data by removing the trailing zero. 
The recovered data will be compared with the original 

data to determine the ratio of the recovered bit number and 
the total transmitted bit (throughput). 

 

 
Fig. 5. Simulated system for throughput measurement. 

TABLE III. PARAMETERS OF 5G NR POLAR CODE 

Parameter Value 

Rate Matched Output Length 
30,000 bits (3 times the message 

bits) 
Interleaved Input True 

Cyclic Redundancy Check (CRC) 
Length 

24 bits 

IV. RESULT AND DISCUSSION 

Simulation is done by using parameters and algorithms 
explained in Chapter III. The simulation result will be 
divided into five different sections for different cases used 
in the simulation. The LDPC code rate used in this 
simulation is 490/1024. 

A. BER Measurement of Various Reed-Solomon Code 

The BER values are measured by simulating various 
Reed-Solomon Code Architecture listed in Table II 
through the AWGN channel and Gilbert-Elliot Channel 

Fig. 6 shows that Reed-Solomon Code has better BER 
performance than LDPC. The RS Architectures which 
have the best BER performance are RS (31, 25) and RS 
(15, 11). They have a BER of 10ି଼ when the Eb/No is 
equal to 7dB. Comparing that to LDPC which has a BER 
of 10ି଼ when the Eb/No is equal to 14 dB, it can be shown 
that LDPC has lesser BER performance than RS Code on 
AWGN Channel. 

 
Fig. 6. Bit error rate vs Eb/No result of various reed-solomon 

architecture on AWGN channel. 

Fig. 7 shows that Reed-Solomon Code has better BER 
performance than LDPC. The RS Architectures which 
have the best BER performance is RS (63,53) which has a 
BER of 10ି଼ when the Eb/No is equal to 7dB. Comparing 
that to LDPC which has a BER of 10ି଼when the Eb/No is 
equal to 14 dB, it can be shown that LDPC has lesser BER 
performance than RS Code on AWGN Channel. 

 
Fig. 7. Bit error rate vs Eb/No result of various RS architecture on 

AWGN channel. 

It can be seen from Figs. 6 and 7, that The Reed-
Solomon Codes Architectures have a larger difference 
between their number of codewords and the number of 
messagewords have a better BER performance than the 
others. This happened because the bigger the difference 
between the number of codewords and number of 
messagewords the more parity check bit that can be used 
to correct the transmitted data. 

Fig. 8 shows that Reed-Solomon Code has better BER 
performance than LDPC. The RS Architectures which 
have the best BER performance are RS (31, 25) and RS 
(15, 11). They have a BER of 10ି଼ when the Eb/No is 
equal to 15dB. Comparing that to LDPC which has a BER 
of 10ି଼ when the Eb/No is equal to 24dB, it can be shown 
that LDPC has lesser BER performance than RS Code on 
Gilbert Elliot Channel. 

 
Fig. 8. Bit error rate vs Eb/No result of various RS architecture in 

gilbert-elliot channel. 

Fig. 9 shows that Reed-Solomon Code has better BER 
performance than LDPC. The RS Architectures that have 
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the best BER performance is RS (63, 53) which has a BER 
of 10ି଼ when the Eb/No is equal to 13dB. Comparing that 
to LDPC which has a BER of 10ି଼ when the Eb/No is 
equal to 24 dB, it can be shown that LDPC has lesser BER 
performance than RS Code on AWGN Channel. 

 
Fig. 9. Bit error rate vs Eb/No result of various RS architecture in 

Gilbert-Elliot channel. 

The Reed Solomon Code architecture difference 
phenomenon mentioned in section A can also be seen in 
Figs. 8 and 9. This means the Reed Solomon Code 
architecture will affect the BER performance in both 
AWGN Channel and Gilbert-Elliot Channel. 

B. BER Measurement of Various Modulation Methods 

The BER measurement, in this case, is using RS Code 
with the architecture of RS (63, 56) and RS (15, 10) as the 
FEC that will be modulated with (QPSK, QAM16, and 
QAM64). This modulated signal then will be transmitted 
on AWGN and Gilbert-Elliot Channel. 

Fig. 10 shows that QPSK has better BER performance 
than other modulation techniques. Viewed from RS (63, 
56), QPSK has a BER of 10ି଼ when the Eb/No is equal to 
8 dB. Comparing that with QAM16 which has a BER of 
10ି଼ when the Eb/No is equal to 12 dB and QAM64 has a 
BER of 10ି଼ when the Eb/No is equal to 16 dB, it can be 
shown that QPSK has a superior BER performance than 
the other modulation on the AWGN channel. 

 
Fig. 10. Bit error rate vs Eb/No result of various modulation techniques 

in AWGN channel. 

Fig. 11 shows that QPSK has better BER performance 
than other modulation techniques. Viewed from RS (63, 
56), QPSK has a BER of 10ି଼ when the Eb/No is equal to 
14 dB. Comparing that with QAM16 which has a BER of 
10ି଼ when the Eb/No is equal to 18 dB and QAM64 has a 
BER of 10ି଼ when the Eb/No is equal to 24 dB, it can be 
shown that QPSK has a superior BER performance than 
the other modulation on the Gilbert-Elliot channel. As can 
be seen in Figs. 10 and 11, the modulation technique that 
has fewer bits per symbol has a better BER performance. 
This happened because the more bits per symbol that are 
carried in a signal, the bigger the possibility of the signal 
being interpreted wrongly on the receiver side. But higher 
order modulation means more data to be transferred in a 
certain amount of time. So, to ensure optimum network 
performance, the right combination of the forward error 
correction method and the modulation method is needed. 
Based on Figs. 10 and 11, RS (63,56) + QPSK is the best 
combination. 

 
Fig. 11. Bit error rate vs Eb/No result of various modulation techniques 

in Gilbert-Elliot channel. 

C. BER Measurement of RS Code, Polar-RS Code, and 
LDPC 

The BER measurement, in this case, is using a 
concatenation of RS Code (15, 10) – Polar Code with a 
code rate of 1/3, RS (63, 56), and LDPC as the FEC that 
will be modulated with QPSK. This modulated signal then 
will be transmitted on AWGN and Gilbert-Elliot Channel. 

Fig. 12 shows that Polar-RS has better BER 
performance than RS Code and LDPC. Polar-RS has a 
BER of 10ି଼ when the Eb/No is equal to 0 dB. Comparing 
that with other FEC, RS (63, 56) has a BER of 10ି଼ when 
the Eb/No is equal to 8 dB, and LDPC has a BER of 10ି଼ 
when the Eb/No is equal to 13 dB, it can be shown that 
Polar-RS has superior BER performance than the other 
FEC on the AWGN channel. 

Fig. 13 shows that Polar-RS has better BER 
performance than RS Code and LDPC. Polar-RS has a 
BER of 10ି଼ when the Eb/No is equal to 4 dB. Comparing 
that with other FEC, RS (63, 56) has a BER of 10ି଼when 
the Eb/No is equal to 15dB, and LDPC has a BER of 
10ି଼when the Eb/No is equal to 21 dB, it can be shown 
that Polar-RS has superior BER performance than the 
other FEC on the Gilbert-Elliot channel. 
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Fig. 12. Bit error rate vs Eb/No result of polar-RS, RS, and low-density 

parity check in AWGN channel. 

 
Fig. 13. Bit error rate vs Eb/No result of polar-RS, RS, and low-density 

parity check in Gilbert-Elliot channel. 

As seen in Figs. 12 and 13, The BER performance of the 
Polar-RS concatenation is superior to both RS and LDPC 
Code. This phenomenon happened because the correction 
capability of Polar Code combined with the burst error 
correction of RS Code resulted in an FEC method that has 
great error correcting capability in AWGN Channel 
(Single bit error) and Gilbert-Elliot Channel (Burst Error). 
However, this FEC method has a disadvantage which is the 
long processing time. The concatenation means that the 
system will do both Polar Code and RS code in the decoder 
and encoder, and that requires a lot more time. Hence 
further research is needed to optimize this FEC scheme. In 
the meanwhile, the long processing time is compensated 
for by the usage of high-performance processors. 

As seen in Table IV, the concatenated codes have 
superior performance than the single codes. The 
concatenated codes will have two or more coding methods 
to secure the data hence better BER performance. 

Compared to other studies tabulated in Table IV, Polar 
+ RS (15, 10) has a superior performance compared to 
other error-correcting methods. The Polar-RS code has 
great error-correcting capability from RS code and low 
coding complexity from Polar-RS code. The Quadrature 
Phase Shift Keying (QPSK) modulation also helps the 
BER performance of the Polar-RS because it can carry 
more data hence it can be more resilient in the AWGN 
channel compared to BPSK which is used by the other 
studies. 

TABLE IV. BER COMPARISON FOR VARIOUS ERROR CORRECTING 

METHODS ON AWGN CHANNEL 

Error Correcting Method 
BER Value @ 
Eb/N0=3 dB 

RS(63, 56){QPSK} ≈ 2. 10ିଶ 
Polar+RS(15, 10){QPSK} < 10ି଼ 

LDPC{QPSK} ≈ 7. 10ିଶ 
BCH(31, 16)+BI+LDPC(32, 16){BPSK}(13) ≈ 3. 10ିସ 
BCH(31, 16)+BI+Polar(32, 16){BPSK}(13) ≈ 2. 10ିହ 
BCH(31, 16)+BI+Turbo(32, 16{BPSK})(13) < 10ି଺ 

Turbo 5-it(12) ≈ 7. 10ି଺ 

D. Throughput Measurement of RS Code. Polar-RS 
Code, and LDPC on 5G PDSCH System 

The throughput value is measured by calculating the 
ratio of the number of bits in a successfully received 
transport block and the total number of transmitted bits. In 
this measurement, the Sub-Carrier Spacing of the PDSCH 
block is varied to determine the effect of Sub-Carrier 
Spacing (SCS) value on throughput performance. 

Fig. 14 shows that the throughput of Polar-RS Code is 
superior to LDPC. The throughput rise over the increasing 
value of Eb/No on Polar-RS has a steeper rise than the 
LDPC. This can be interpreted as Polar-RS having better 
performance in correcting the error than LDPC in the 
AWGN channel. 

 

 
Fig. 14. Throughput result of simulated PDSCH on AWGN channel. 

 

Fig. 15. Throughput result of simulated PDSCH on Gilbert-Elliot 
channel. 

 
The SCS value of 240 kHz has the best throughput 

performance with a throughput value of 100 % at Eb/No 
equals 2dB. 

Fig. 15 shows that the throughput of Polar-RS Code is 
superior to LDPC. The throughput rise over the increasing 
value of Eb/No on Polar-RS has a steeper rise than the 
LDPC. This can be interpreted as Polar-RS having better 
performance in correcting the error than LDPC in the 
AWGN channel. 

The SCS value of 240 kHz has the best throughput 
performance with a throughput value of 100 at Eb/No 
equals 6dB. 

Journal of Communications, Vol. 19, No. 10, 2024

482



The throughput percentage is related to the BER value 
as can be analyzed in Figs. 14 and 15. As Eb/No value 
increases the throughput percentage also increases. This 
happened because as the Eb/No value increases, more 
correct data can be received hence throughput value will 
increase too. 

SCS values can also affect the throughput percentage. 
Bigger SCS will make the throughput performance better. 
But, based on Figs. 14 and 15 the biggest SCS value of 240 
kHz doesn’t result in the best throughput percentage 
performance. This happened because a bigger SCS value 
means a bigger gap between each sub-carrier, making it 
carry less data. Hence, the SCS value of 120 kHz is the 
most optimum SCS value for the simulated system.  

V. CONCLUSION 

The BER performance shows that RS Code has better 
error-correcting capability than LDPC code. This 
advantage is further enhanced by concatenating RS Code 
with Polar Code. This concatenation results in an FEC 
method with the best error-correcting capability than the 
other FEC methods measured in this paper. 

The BER performance of the Burst Error Scenario 
simulated through the Gilbert-Elliot Channel shown in 
Figs. 8 and 9 shows that RS code encoding has superior 
performance than LDPC 

The BER performance of both the RS code and Polar-
RS code has fulfilled the 5G specification shown in Fig. 3, 
hence RS code and Polar-RS code were determined to be 
a good candidate for the future release of 5G 
communication. 

The throughput percentage shows how much data that 
successfully transmitted through the channel. As we can 
see in Figs. 14 and 15 the Polar + RS Code has a higher 
throughput percentage at lower Eb/No values. It shows that 
the Polar + RS Code can make the transmission in the 
AWGN and Gilbert-Elliot (Burst Error) Channels better. 
In the practical application of 5G Transmission, using the 
Polar + RS Code system will have better performance. 

5G PDSCH system which uses Polar-RS as its DL-SCH 
encoder shows better throughput performance than the 
LDPC counterpart. The best SCS value of said PDSCH is 
240 kHz. 

The Simulated BER and Throughput performance of 
Polar-RS Code shows the potential of these schemes to be 
used in 5G Transmission. A lower BER value means more 
robust transmission with a low chance of retransmission of 
the data. This allows high rate and low latency 
transmission. 

This research shows that the Polar-RS code has better 
BER and Throughput performance for both the AWGN 
channel and Burst Error Channel compared to LDPC 
which is used in the current 5G transmission. This model 
can be proposed for the next 5G release or the next 
generation of mobile telecommunication. 
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