
 Open access  Journal Article  DOI:10.1002/DAC.4419

Network‐coded MIMO‐NOMA systems with FEC codes in two‐way relay networks
— Source link 

Ngu War Hlaing, Ali Farzamnia, Muralindran Mariappan, Manas Kumar Haldar

Institutions: Universiti Malaysia Sabah

Published on: 25 Jul 2020 - International Journal of Communication Systems (John Wiley & Sons, Ltd)

Topics: MIMO, Linear network coding, Noma and Relay

Related papers:

 Trellis Coded Modulation for Non-Orthogonal Multiple Access Systems: Design, Challenges, and Opportunities

 Coded Cooperation with Permutation and Block Encoding for Wireless Networks

 Network coded multi-way relaying with iterative decoding

 Convolutional codes in two-way relay networks with rate diverse network coding

 Three-dimensional combined diversity coding and error control coding: Code design and diversity analysis

Share this paper:    

View more about this paper here: https://typeset.io/papers/network-coded-mimo-noma-systems-with-fec-codes-in-two-way-
ffrnrsxkqu

https://typeset.io/
https://www.doi.org/10.1002/DAC.4419
https://typeset.io/papers/network-coded-mimo-noma-systems-with-fec-codes-in-two-way-ffrnrsxkqu
https://typeset.io/authors/ngu-war-hlaing-56cy4tv7gk
https://typeset.io/authors/ali-farzamnia-14l5813w10
https://typeset.io/authors/muralindran-mariappan-33z201qwqp
https://typeset.io/authors/manas-kumar-haldar-2efr6gfsgx
https://typeset.io/institutions/universiti-malaysia-sabah-2x59qgwu
https://typeset.io/journals/international-journal-of-communication-systems-1h9rmcvv
https://typeset.io/topics/mimo-3diwujtl
https://typeset.io/topics/linear-network-coding-adnhxdet
https://typeset.io/topics/noma-35z4t6f2
https://typeset.io/topics/relay-3ft0yaqu
https://typeset.io/papers/trellis-coded-modulation-for-non-orthogonal-multiple-access-19ag80z2up
https://typeset.io/papers/coded-cooperation-with-permutation-and-block-encoding-for-3q79kyhl8p
https://typeset.io/papers/network-coded-multi-way-relaying-with-iterative-decoding-cjo20uzse9
https://typeset.io/papers/convolutional-codes-in-two-way-relay-networks-with-rate-1i1d4sjks1
https://typeset.io/papers/three-dimensional-combined-diversity-coding-and-error-3koof6j14h
https://www.facebook.com/sharer/sharer.php?u=https://typeset.io/papers/network-coded-mimo-noma-systems-with-fec-codes-in-two-way-ffrnrsxkqu
https://twitter.com/intent/tweet?text=Network%E2%80%90coded%20MIMO%E2%80%90NOMA%20systems%20with%20FEC%20codes%20in%20two%E2%80%90way%20relay%20networks&url=https://typeset.io/papers/network-coded-mimo-noma-systems-with-fec-codes-in-two-way-ffrnrsxkqu
https://www.linkedin.com/sharing/share-offsite/?url=https://typeset.io/papers/network-coded-mimo-noma-systems-with-fec-codes-in-two-way-ffrnrsxkqu
mailto:?subject=I%20wanted%20you%20to%20see%20this%20site&body=Check%20out%20this%20site%20https://typeset.io/papers/network-coded-mimo-noma-systems-with-fec-codes-in-two-way-ffrnrsxkqu
https://typeset.io/papers/network-coded-mimo-noma-systems-with-fec-codes-in-two-way-ffrnrsxkqu


Received: 3 June 2019 Revised: 17 March 2020 Accepted: 26 March 2020

DOI: 10.1002/dac.4419

RE S EARCH ART I C L E

Network-coded MIMO-NOMA systems with FEC codes in
two-way relay networks

Ngu War Hlaing Ali Farzamnia Muralindran Mariappan Manas Kumar Haldar

Faculty of Engineering, Universiti

Malaysia Sabah, Kota Kinabalu, Malaysia

Correspondence

Ali Farzamnia, Faculty of Engineering,

Universiti Malaysia Sabah, Kota Kinabalu,

Malaysia.

Email: ali-farzamnia@ieee.org

Funding information

Center for Research and Innovation

(PPPI); Faculty of Engineering, Universiti

Malaysia Sabah (UMS)

Summary

This paper assumes two users and a two-way relay network with the com-

bination of 2 × 2 multi-input multi-output (MIMO) and nonorthogonal mul-

tiple access (NOMA). To achieve network reliability without sacrificing net-

work throughput, network-coded MIMO-NOMA schemes with convolutional,

Reed-Solomon (RS), and turbo codes are applied. Messages from two users

at the relay node are network-coded and combined in NOMA scheme. Inter-

leaved differential encoding with redundancy (R-RIDE) scheme is proposed

together with MIMO-NOMA system. Quadrature phase-shift keying (QPSK)

modulation technique is used. Bit error rate (BER) versus signal-to-noise ratio

(SNR) (dB) and average mutual information (AMI) (bps/Hz) versus SNR (dB)

in NOMA and MIMO-NOMA schemes are evaluated and presented. From the

simulated results, the combination of MIMO-NOMA system with the proposed

R-RIDE-Turbo network-coded scheme in two-way relay networks has better

BER and higher AMI performance than conventional coded NOMA system.

Furthermore, R-RIDE-Turbo scheme in MIMO-NOMA system outperforms the

other coded schemes in both MIMO-NOMA and NOMA systems.

KEYWORDS

interleaved differential encoding,MIMO, nonorthogonalmultiple access scheme (NOMA), network

coding, Reed-Solomon codes

1 INTRODUCTION

Nonorthogonal multiple access (NOMA) is a multiple access scheme proposed for future radio access (FRA). NOMA

provides multiple users with various powers, with the same spectrum resources (i.e., time, frequency, code, and space),

but with minimal interuser interference. It can give better capacity gain and spectral efficiency than the conventional

orthogonal frequency division multiplexing (OFDM). Thus, it is a candidate technology for fifth-generation (5G) cellular

networks. Each generation of cellular technology is usually characterized by specific multiple access scheme. In NOMA,

the multiple users are multiplexed in the power domain, either in downlink or the uplink. In Islam et al,1 the base station

(BS) transmits two signals with different powers in the same frequency band simultaneously as shown in Figure 1.

In Figure 1, one message will be for a user equipment (UE) which is located near the BS called UE1 while the other

will be intended for a UE2 located a fair distance away. The UE1 near the base station will be allotted less power, while

the UE2 far away from the base station will be allotted more power. The UE2 first decodes the message intended for the

other receiver. This message is then subtracted from the received signal, and we are left with the interference-free signal

that the UE1 is supposed to decode. This approach requires a successive interference cancellation (SIC) receiver. The

nonorthogonality improves resource utilization and is found to increase the user throughput by about 38%. 1
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FIGURE 1 Downlink NOMA in a single cell

with one BS and two users1

In NOMA, the signals from the users are combined at transmitter end(s) by exploiting the users' respective channel

gains. The channel gains of UE1 and UE2 are h1 and h2 in which h1 > h2. The power allocation factor 𝛼1 and 𝛼2 for UE1

and user UE2 in the order 𝛼1 < 𝛼2 and 𝛼1 + 𝛼2 is less than or equal the total transmitted power (P) from BS. SIC is then

applied at the receiver(s) for multiuser detection and decoding. NOMA can increase the number of simultaneously served

users, and, thus, it can support massive connectivity.

NOMA system has the nature of simultaneous transmission, thus a user does not have to schedule for the transmission

time slots to transmit the messages. Therefore, it has lower latency. Moreover, fairness of the user and diverse quality of

service (QoS) can be maintained by applying power control between the users. By allocating more power to weak user

than strong user, the data throughput of the cell-edge (weak user) can be higher. Thus, NOMA has the enhancement of

cell-edge user experience property.

In Ding et al,2 NOMA's performance is examined with randomly distributed users in a cellular downlink scenario. It

shows that NOMA can give higher performance in terms of ergodic sum rates, but NOMA's outage performance relies

critically on the users' targeted data rates and allocated power choices. The effect of user pairing on the efficiency of

two NOMA systems is characterized with a fixed-power (F-NOMA) and cognitive-radio-inspired NOMA (CR-NOMA) in

Ding et al.3 The numerical results show that the sum rate of F-NOMA is larger than orthogonal multiple access (OMA).

Through choosing users with more distinctive channel conditions, the output gain of F-NOMA over traditional MA can

further be extended.

InMIMO system,multiusers beam-forming technique is a promising technology to obtain significant gains for network

throughput. In downlinkmultiusersMIMO system, based on the number of transmit and receive antennas, each user can

utilize one or many beams in the cell. To remove inter-beam interference completely, the number of antennas at trans-

mitter must be greater or equal to the number of antennas at receiver, under the uncorrelated radio channels. Nowadays,

applications of Tactile Internet have become interesting research topic4 and they need improvement in ultra-reliable and

low-latency communications (URLLC), instead of focusing on higher data throughput in the system especially for the

security purpose.5

In addition, superior spectral efficiency is essential to manage multiple users with limited spectral resources. Thus,

URLLC is also essential for future wireless communications without the need of an extra spectrum. MIMO-NOMA

scheme with low-rate channel coding technique can be an assuring method for the requirement of Tactile Internet

(URLLC). InmultiuserMIMO-NOMAsystem, the antennas at the receiver sidewith different channel gains are organized

into MIMO-NOMA clusters.

The Gaussian capacity of the MIMO system can be obtained by using iterative linear minimum mean square error

(LMMSE) detection6 and applying the coding design of LMMSE method.7 In Liu et al,8 the constrained capacity of

MIMO systems using modulation techniques such as phase-shift keyings (PSK) and quadrature amplitude modulations

(QAMs) can be obtained with approximate message passing (AMP) at the receiver. In Liu et al,9 the low-complexity



WAR HLAING ET AL. 3 of 16

FIGURE 2 Two-way relay network19

Gaussian message passing is used to further decrease the problem of iterative receiver and achieve the result of

capacity-approaching.

In wireless communication system, it can be beneficial if network coding is applied in physical layer.10 Zhang et al11

introduced the network coding in physical layer to exchange themessages between two nodes by using a relay in two-way

relay networks. To exchange the messages from different users, there will be two phases. A relay node will receive the

information from two source nodes simultaneously in phase 1. In phase 2, the relay node will process the network coding

which is the encoding ofmessages from two source nodes. InHu andQian,12 a higher spectrum efficiency can be obtained

by applying two-way relay network. The concept of physical-layer network coding (PNC) was clarified in Zhang et al13

and it is explained that how exclusive-OR (XOR) network coding can be done in PNC. Superimposed XOR is studied in

Liu et al.14

In Koike-Akino et al,15 a flexible scheme is proposed inwhich there is no channel coding and only suitable constellation

technique is applied. PNC is designed at themessage level, and decoding technique is remodelled to decodeXORmessages

in Zhang et al.16 Convolutional encoding and Viterbi decoding are performed in PNC in Yang et al.17

Viterbi decoding is done with maximum likelihood (ML) method in Lu et al.18 Due to the lossy wireless channels and

the architectures of the hardware, wireless network has disadvantages, which are lower network throughput, lower data

rate, higher latency, less network security, and limited power. Therefore, it is very important to develop the stronger

performance of the wireless network, and we can improve it by applying network coding. The process of two-way relay

network is demonstrated in Figure 2.

In Figure 2, the packets are combinedwith XORmethod at the relay a⊕b. Finally, “A” decodes XOR-coded packets with

the already sent packet, that is, a⊕ b and thus recovers the original packet “b.” Similarly, “B” decodes a⊕ b and recovers

“a.” Here, only two transmissions were needed. The intermediate nodes will combine these packets rather than moving

them forward. This is known as network coding (NC) technique. The PNC using compute and forward (CF) method has

been designed in the two-way relay network and MIMO channels.20 To the best of our knowledge, PNC has not been

designed in NOMA or MIMO-NOMA systems with two-way relay networks.

In Xu et al,19 the network-coded multiple-access (NCMA) scheme has been simulated for the two users. The perfor-

mance of PNC has been analysed in rectangular and hexagonal networks in Yang et al.15 The combination of PNC with

MIMO was investigated in Yang et al.21 The two-way relay network is designed to get maximum transmission rate in Li

et al22 in order to obtain the modulation-coded (MC) scheme which is implemented in Chattopadhyay et al.23 The PNC

with QPSK using the AWGN channel, Rayleigh multipath flat fading channel, and Rician fading channel are studied to

evaluate the BER performance in Sachin et al.24 To analyse the symbol error rate in PNC, the higher-order modulation

techniques has been proposed in Fang et al.25

Differential-chaos-shift-keying (DCSK) system with network-coding is investigated in Rayleigh fading channels in a

two-relay in Cai et al.26 By implementing a decode-and-forward protocol, when the two relays first decode the orthogonal

signals sent by the two users, and then return their XORed version to the users. This proposed method has proved that it

could be a successful candidate for wireless sensor networks.

Fang et al reviewed the low-density parity check (LDPC) codes, known as root protograph (RP) LDPC codes. In addition

to encoding linear complexity and high-speed decoding using the quasi-cyclic (QC) structure, RP codes give near-outage

efficiency in specific block fading (BF) scenarios.27 Furthermore, distributed rate-compatible (RCRP) codes are modelled

to obtain full diversity in multirelay CC-based networks and the outage performance.28

In data transmission, the error can occur randomly or in bursts. To correct these types of errors, the error-correcting

codes have been designed. To correct burst errors, RS codes can be used while binary cyclic codes are used to correct

multiple random errors. Random error-correcting code can be applied in correcting of burst errors when interleaved

encoding and decoding technique is used. Thus, interleaving is advantageous because of its ability to correct burst errors.
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It can be implemented using either block or convolutional codes, and it is one of the techniques used for improving error

correction code (ECC).

For interleaving techniques, random, helical, tree-based, and prime interleavers are investigated in terms of BER and

needed memory in Sharma et al.29 It has shown that BER performance of random interleaver is almost similar with

tree-based and helical interleavers. In this paper, random interleaver is considered because of less complexity.

Drawbacks for MIMO-NOMA system is having interferences and power control which can lead to bandwidth expan-

sion and BER performance degradation. The bandwidth expansion can make the loss in the data rate. Global wireless

communication needs higher rate of data transmission. As a result, it requires spectrally efficient modulation technique

and power efficient forward-error correction (FEC) schemes.

As a potential multiple access technique for the 5G mobile communication systems, NOMA has received tremendous

interests from the communication research society. AlthoughNOMAdemonstrates a significant enhancement of spectral

efficiency gain without requiring any additional resources, there is still interuser interference which is the main problem

for NOMA. And, most of the researches focus on user clustering and power allocation to reduce the interuser interfer-

ence. Combination of NOMA with MIMO can reduce the interuser interference. Therefore, the necessity for interuser

interference of NOMA systems toward the upcoming 5G standard is one of the motivations of this paper.

In this paper, system model of network-coded MIMO-NOMA is demonstrated with relevant block diagram and

equations in Section 2. Channel coding and decoding is explained in Section 3 followed by convolutional encoding and

Viterbi decoding in Section 3.1, Galois field theory, and RS encoding and decoding in Section 3.2 and turbo encoding and

decoding techniques in Section 3.3, respectively. Results and discussions are described in Section 4, and conclusion is

given in Section 5.

2 THE PROPOSED SCHEME MODEL

This section describes the proposed system model for the MIMO-NOMA network-coded system in two-way relay net-

works. Messages are generated randomly from two users and encoded with FEC codes using the encoding process such

as convolutional, RS, and turbo codes. The encoded messages are interleaved and processed with a differential technique

of encoding followed by NC method. Then, QPSK modulation method is applied to modulate network-coded messages.

Then, these messages are superimposed for the NOMA and space time block (STB) coded through the MIMO channel.

After that, such messages will be transmitted through Rayleigh and Rician channels. Finally, the resulting messages will

be XOR-coded. The diagram of the proposed scheme is shown in Figure 3.

On the receiver side, log likelihood ratio (LLR) detection approach is used to detect XOR-ed messages. Then, SIC will

be done for decoding of NOMA and STD for MIMO-NOMA system. After this, deinterleaving, differential decoding, and

demodulation techniques are performed. Themessages decoded are interpreted and processes are replicated as expressed

in Figure 3.

The scheme is proposed for two user data streams, x1 and x2, and 2×2MIMO-NOMA scheme. The length of interleaver

is equal to the messages length. Such two source nodes are encoded with a half rate encoding. Random interleaving

and differential encoding methods are applied. Such FEC coded with randomly interleaved differential messages are

transmitted throughXOR to obtain redundant data streams. The output of XOR-codedmessageswill apply for redundancy

at the transmission level. All these data streams are modulated by QPSK modulation.

In order to construct a NOMA, the superposition coding and SIC are applied at the transmitter and receiver for users

with the same spectrum. By taking a cell as a circular form with a BS in the middle and two UEs, UE1 is closer to the BS

than UE2. The channel gains of UE1 and UE2 are h1 and h2 in which h1 > h2. The power allocation factor 𝛼1 and 𝛼2 for

UE1 and UE2 in the order of 𝛼1 < 𝛼2 and 𝛼1 + 𝛼2 is less than or equal the total transmitted power (P) from BS. At the

transmitter, the addition of every single signal is shown in equation (1).

SSmRn =
√
𝛼1Px1 +

√
𝛼2Px2. (1)

In equation (1), x1 and x2 are the signals modulated of UE1 and UE2 and P is the overall power transferred. At the

receiver, the obtained signal with kth user since k = {1, 2} is described in equation (2).

YSmRn[k] = hSmRn[k]XSm[K] + N[k]. (2)



WAR HLAING ET AL. 5 of 16

FIGURE 3 Network-coded

MIMO-NOMA system in TWR

networks

In equation (2), hSmRn is the channel gain of source to relay and n (k) is the AWGNnoise at the kth user. Since the allotted

power for UE2 is higher, UE1must be decoded first and the interference of UE2must be cancelled with SIC. SIC does not

have to run on the UE2 because the UE1 has less power, which does not interfere with UE2. Thus, the far user will assume

the signal of the near user as noise. At the receiver, SIC can be represented in equation (3) by detecting a signal for UE1.

ŝ1 =

(
𝑦S1R1

[
k1
]
−
√
𝛼2SS1R1√

𝛼1

)
. (3)

Likewise, the estimated UE2 can be described as equation (4).

ŝ2 =

(
𝑦S2R2

[
k2
]

√
𝛼2

)
. (4)

Then, after decoding, demodulation will take place followed by detecting the relay using soft decision method. And,

at the relay node, the decoding will be done. With the aid of XOR coding, the decoded messages can be retrieved from

source nodes in the two-way relay network.
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FIGURE 4 Block diagram of convolutional coding with shift

registers

Assume all sources to relay and relay to sources are time-invariant channels throughout the transmission of a single

phase. In the subsequent phases, hSmRn
[
k
]
is the channel gain of Sm → Rn and hRnSm

[
k
]
is the channel gain of relay to

sources Rn → Sm. During phase 1, on the number of subcarriers, the received signal at the relay node can be expressed as

equation (5).

𝑦SmRn
[
k
]
=
√
PhSmRn

[
k
]
XSm

[
k
]
+ nSmRn

[
k
]
. (5)

In phase 1, XSm
[
k
]
is the transmitted symbol by source nodes on the k number of subcarriers where k = 1, …K,

P is the average transmitted power of each source node and nSmRn
[
k
]
is the zero mean additive Gaussian noise, with

variance 𝜎2
SmRn

. The simulation with MATLAB will be done with QPSK modulation and frequency selective Rayleigh

fading channel and Rician channels of unity power throughout the simulations. LLR detection rule will be employed for

the coded information bits from sources to relay. LLR symbol detection involves the soft decisions on the code information

bits. They are decoded by soft Viterbi algorithm (SOVA). Then, each relay node takes the steps like source node to generate

the relay signal which is broadcast to both the sources.

In link Rn → Sm, in phase 2, the transmitted signal can be modelled as equation (6).

𝑦RnSm
[
k
]
=
√
PhRnSm

[
k
]
XRn

[
k
]
+ nRnSm

[
k
]
. (6)

3 CHANNEL CODING AND DECODING

In communication system, forward error correction (FEC) is a technique applied to correct the errors in data transmission

over unreliable or noisy communication channels.30 Themessages will be encoded with redundant scheme by using FEC

codes. In this paper, three main types of FEC codes are used. They are convolutional, RS, and turbo codes.

3.1 Convolutional encoding and Viterbi decoding

In 1995, Elias introduced the convolutional codes. An (n, k,m) convolutional code consists of an k input, n output linear

sequential circuit with input memorym. Then, n and k are small integers with k < n, but the memory orderm should be

greater to obtain the less error. If k = 1, the arrangement of themessages can be done continuously not instead of dividing

into blocks.

Convolutional encoding can be done with using a shift register which applies modulo-two addition. A shift register

is the sequence of flip-flops where the output of nth flip-flop is connected to the input of the flip-flop. Block diagram of

convolutional encoding is shown in Figure 4. In convolutional encoding, each register has 1 bit input and starts with 0

values.

The convolution of generator polynomials and sequence of messages are denoted in equation (7).

pi[n] =

k−1∑

𝑗=0

gi [𝑗] x [n − 𝑗] . (7)

The length of the messages will be converted to a single code-word which has memory. Memory registers have 1 input

bit starting on a value of 0 to encode the message. There are two modulo-2 adders and generator polynomials. The left-

most register holds an input bit of x[n]. The encoder outputs bits using generator polynomials and current values in the

remaining registers. Then, the register will be shifted to the right (x[n], moves to x[n − 1], x[n − 1] to x[n − 2]), and waits
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for the next input bit. If the input bits are done with encoding, the encoder continues output until all registers come back

in zero.

Although, there aremany algorithms to decode convolutional codes such as trellis decoders, sequential (Fano) decoders,

and stack decoders, the optimal decoder is Viterbi algorithm which can deduce the probability of error. The Viterbi

algorithm is a maximum likelihood (ML) decoder in which ML decoders maximize. Usually, the LLR function is used

and expressed in equation (8).

logp
(
r|𝑦′

)
=

L+k−1∑

i=0

[
n−1∑

𝑗=0

p
(
r𝑗
i
|𝑦

′𝑗

i

)]
. (8)

L is the number of transmitted sequences. Log probabilities are known as bit matrices, and they usually converted into

small integers.

3.2 Galois field theory, Reed-Solomon encoding and decoding

Reed-Solomon code is based on the arithmetic of the galois field GF which consists of an element produced from a

primitive element and referred to 𝛼 .

For a given primitive element, 𝛼 field elements takes values:
(
0, 𝛼0, 𝛼1, 𝛼2, … 𝛼N−1

)
where N = 2m−1. GF elements can

be represented as polynomial expression in equation (3), where 𝛼m−1, … , 𝛼0 take the values 0 or 1.

𝑓 (x) =
(
𝛼m−1x

m−1 + … + 𝛼2x
2 + 𝛼1x

1 + 𝛼0x
0
)
=

m∑

i=0

𝛼ix
i. (9)

The GF generator polynomial is a polynomial P(x) of degreemwith no factors. In this paper, 9-bit symbols (m = 9) and

GF
(
29
)
are used. The parity symbols are added to the original messages, and it is shown in equation (10).

N = K + 2t, (10)

where N = Transmitted Symbols, K= the original messages, and 2t = the parity symbols. For RS encoder and decoder, a

generator polynomial g(x) which contains 2t factors is constructed in equation (11).

g (x) =

2t−1∏

i=0

(
x + 𝛼i

)
. (11)

Detection up to 2t symbols and correction up to t error symbols can be done byRS decoder at the receiver. If the locations

of error are not known, correction can be done by RS decoder to half the number of parity symbols added. But, errors

with known locations are called erasures which can be corrected up to 2t by RS decoder. A combination of errors and

erasures may be corrected as long as the sum of these corrections is lesser than the number of parity symbols added in

equation (12).

R (X) = T (X) + E (X) , (12)

where R(x) is the received messages, T(x) is transmitted messages, and E(x) is the error messages. The RS decoder will

identify the error messages as shown in equation (13).

T (X) = R (X) + E (X) . (13)

In equation (13), the minus sign is omitted because addition and subtraction are equivalent in GF arithmetic. In RS

encoding, T(X) is divisible by if there are no errors for some (i) in (0, … , 2t − 1), so dividing by g(X) will give the zero

value. But, if there are errors for some or all terms of (i), then dividing by g(X) will give a nonzero value. This value is

called syndrome. The equation for syndrome is written in equation (14).

Si = R
(
𝛼i
)
= T

(
𝛼i
)
+ E

(
𝛼i
)
= E

(
𝛼i
)
. (14)
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FIGURE 5 Block diagram of turbo encoder

FIGURE 6 Block diagram of turbo decoding

Since T
(
𝛼i
)
is 0 as x + 𝛼i, a factor of g(X) which is also a factor of T(X). Si can be written in the form of equation (15).

Si = Y1𝛼
ie1 + Y2𝛼

ie2 + … + Yv𝛼
iev . (15)

By substituting X𝑗 = 𝛼e𝑗 in equation (15), we can obtain equation (16).

Si = Y1X
i
1 + Y2X

i
2 + … + YvX

i
v, (16)

where e1, e2, , … , ev are the locations of errors and Y1,Y2, , … ,Yv are the coefficients of errors.

3.3 Turbo encoding and decoding techniques

In the turbo encoding scheme, there are two equal recursive systematic convolutional (RSC) codes with parallel concate-

nation. One of the inputs is connected with an interleaver than sent to the RSC 2 encoder and another input is connected

directly with RSC 1 encoder as shown in Figure 5.

By considering a rate half RSC convolutional code with memory size M and generator sequences g1 =

g10, g11, g12, , … , g1v, d is the input sequence, S and P represent the two output sequenceswhich are shown in equation (17)

and (18).

Sk =

v∑

i=0

g1idk−i, (17)

Yk =

v∑

i=0

g2idk−i. (18)

The coded messages are again decoded. In decoding the Bahl, Cocke, Jelinek, and Raviv (BCJR) algorithm, the maxi-

mum a posterior (MAP) algorithm is applied to retrieve the original message bits. In MAP algorithm, there are a pair of

decoders which operate simultaneously to clarify and improve the estimate of original messages. The decoded message

is looping until the soft decisions converge on a stable set of values. The code works by an iterative operation to estimate

a message.

At the beginning of the decoding process, the signals are used by the decoder with bit probability equal to half and

calculates the probability ofmessage by applyingMAP algorithm. It is repeated until it obtains the precise probability. The

most critical part is that calculated probability of the last iterationwill be used as the initial probability. After demodulating

the signal, soft decisions informationwill be produced. If the outputs of decodedmessages are bits, it is called soft-decision

decoder. In turbo codes, two or more component codes are used, therefore the output of a decoder is the input of other

decoder. Hence, the decoder in turbo decoder is called soft-input/soft-output decoder as shown in Figure 6.

In Figure 6, L (u) means a priori values for all information bits, Lc (𝑦) means channel values for all information bits,

Le (u)means extrinsic values for all information bits, and L (v)means a posteriori values for all information bits. The soft
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Parameter Value

Channel Rayleigh & rician Channels

Number of subcarriers 512

Modulation method QPSK

SNR 0-20 dB

Constraint length 3

Type of encoding Convolutional encoding,

- differential encoding

Rate of coding Half

Type of decision Soft decisions

Type of decoding Viterbi decoding,

- differential decoding

Operation mode Continuous

Trace-back depth or length 64

Type of interleaving Random

TABLE 1 Parameters for the proposed R-RIDE-C scheme

FIGURE 7 BER versus SNR (dB) of the proposed and

conventional NOMA schemes in TWR network

FIGURE 8 BER versus SNR (dB) of the proposed and

conventional MIMO-NOMA schemes in TWR network

System Channel Method SNR(dB)

- - - 5 10 20

NOMA Rayleigh C 1.34E-01 2.25E-01 1.86E-02

- - R-RIDE-C 1.05E-01 1.76E-01 1.43E-02

- Rician C 1.26E-01 2.12E-01 1.75E-02

- - R-RIDE-C 7.66E-02 1.29E-01 1.05E-02

MIMO- Rayleigh C 5.63E-02 9.60E-02 7.89E-03

NOMA - R-RIDE-C 4.44E-02 7.55E-02 6.21E-03

- Rician C 5.28E-02 8.99E-02 7.37E-03

- - R-RIDE-C 3.24E-02 5.52E-02 4.51E-03

TABLE 2 BER versus SNR (dB) in the proposed and

conventional NOMA and MIMO-NOMA systems

output for an information bit u can be expressed in equation (19).

L (u) = L (u|𝑦) = log
P (u = +1|𝑦)
P (u = −1|𝑦)

. (19)
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Let x = (x11, x12, , … , x1n, … , xL1, … , xLn, ) be a codeword of L branches where xi1 = ui and xi2, … , xin are parity bits.

Let 𝑦 = (𝑦11, 𝑦12, , … , 𝑦1n, … , 𝑦L1, … , 𝑦Ln, ) be the receiver vector. Then, we can write the following equations (14),

(15), and (16):

L (ui) = L (ui|𝑦) = log
P (ui = +1|𝑦)
P (ui = −1|𝑦)

, (20)

= Lc𝑦i1 + log
P (𝑦 − {𝑦i1}ui = +1)

P (𝑦 − {𝑦i1}ui = −1)
+ L (ui, ) (21)

= Lc𝑦i1 + Le (ui) + L (ui) . (22)

FIGURE 9 AMI (bps/Hz) versus SNR (dB) of the proposed and

conventional NOMA schemes in TWR network

FIGURE 10 AMI (bps/Hz) versus SNR (dB) of the proposed and

conventional MIMO-NOMA schemes in TWR network

TABLE 3 AMI (bps/Hz) versus SNR (dB) in the proposed and

conventional schemes in NOMA and MIMO-NOMA systems
System Channel Method SNR(dB)

- - - 1 3 10

NOMA Rayleigh R-RIDE-C 0.0506 0.1397 0.3757

- Rician R-RIDE-C 0.1007 0.2239 0.5163

MIMO- Rayleigh R-RIDE-C 0.0600 0.2062 0.9988

NOMA Rician R-RIDE-C 0.0694 0.3353 1.1993

TABLE 4 Parameters for the proposed R-RIDE-RS scheme Parameter Value

Channel Rayleigh & Rician fading channel

Number of bits 512 (9-Bit Symbol)

Modulation method QPSK

SNR 0-20 dB

Type of encoding RS encoding,

- differential encoding

Rate of coding Half

Type of decoding RS decoding,

- differential decoding

Type of interleaving Random
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4 RESULTS AND DISCUSSIONS

In this section, the simulation results of the proposed network-coded MIMO-NOMA with two users transmitting to the

BS in the same time-frequency slot with the full-duplex two-way relay networks are given. The relay will operate network

coding inwhich the user will transmitmessages to its own designated destination via a relay node shared by both users. In

order to increase the network reliabilitywithout reducing network throughput,wehave proposednetwork-coded schemes

in which the information of the two users are superposed by applying superposition coding in NOMA. Then, information

from the original generated messages from the same user are mixed by applying PNC in two-way relay network. The

different FEC codes which are convolutional, RS and Turbo codes, are applied in NOMA andMIMO-NOMA system. The

proposed R-RIDE is implemented to get better error performance in the network.

4.1 Results for convolutional coded schemes

The convolutional code with R-RIDE-C is proposed in both NOMA and MIMO-NOMA systems with TWR network.

Viterbi decoding algorithm is used to decode the information bits. Redundancy is applied in both sources and relay.

The simulation results are described in terms of BER versus SNR (dB) and AMI (bps/Hz) versus SNR (dB). The needed

parameters for simulation of proposed schemes are presented in Table 1.

FIGURE 11 BER versus SNR (dB) of the proposed and

conventional schemes in TWR network

FIGURE 12 BER versus SNR (dB) of the proposed and

conventional schemes in TWR network

System Channel Method SNR(dB)

- - - 5 10 20

NOMA Rayleigh RS 1.20E-01 8.39E-02 6.58E-03

- - R-RIDE-RS 9.43E-02 6.64E-02 5.38E-03

- Rician RS 1.13E-01 7.99E-02 6.55E-03

- - R-RIDE-RS 6.80E-02 4.81E-02 3.86E-03

MIMO- Rayleigh RS 1.06E-02 7.52E-03 5.94E-04

NOMA - R-RIDE-RS 8.32E-03 5.92E-03 5.02E-04

- Rician RS 9.97E-03 7.06E-03 5.52E-04

- - R-RIDE-RS 6.00E-03 4.25E-03 3.64E-04

TABLE 5 BER versus SNR (dB) in the proposed

R-RIDE-RS and RS in NOMA and MIMO-NOMA systems
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The proposed scheme is compared with convolutional coded scheme without adopting interleaved with differential

encoding scheme which is called C-NOMA and C-MIMO-NOMA. In Figure 7, the simulation result of BER versus SNR

(dB) for the proposed convolutional coded (R-RIDE-C-NOMA) and conventionally coded NOMA in Rayleigh and Rician

fading channels are shown. The performance of the simulation on the proposed R-RIDE-C-NOMA obtained a better

performance compared to the conventionally coded scheme as shown in Figure 7.

In Figure 8, the simulation result of BER versus SNR (dB) for the proposed convolutional coded

(R-RIDE-C-MIMO-NOMA) and conventionally codedMIMO-NOMA in Rayleigh and Rician fading channels are shown.

The simulated results of bothRician andRayleigh channels are expressed in the Table 2. As can be seen from the Table 2,

the BER of the proposed scheme in the Rician channel in MIMO-NOMA outperforms almost 77% than the proposed

scheme with the Rician channel in NOMA system.

Simulation of the AMI of the proposed schemes in NOMA and MIMO-NOMA systems are presented in Figures 9 and

10, and the numerical results are listed in Table 3.

In Figure 9, the Rician channel's proposed scheme has a nearly 38% higher AMI value than the Rayleigh channel's

proposed scheme in NOMA system.

In Figure 10, the Rician channel's proposed scheme has nearly 90% higher AMI value than the Rayleigh channel's

proposed scheme in MIMO-NOMA system. Therefore, the Rician channel's proposed scheme in MIMO-NOMA system

outperforms the other coded schemes. The simulated results are shown in Table 3.

FIGURE 13 AMI (bps/Hz) versus SNR (dB) of the proposed

R-RIDE-RS-NOMA and RS-NOMA schemes in two-way relay

network

FIGURE 14 AMI (bps/Hz) versus SNR (dB) of the proposed

R-RIDE-RS-MIMO-NOMA and RS-MIMO-NOMA schemes in

two-way relay network

TABLE 6 AMI (bps/Hz) on SNR (dB) in the proposed

R-RIDE-RS and RS in NOMA and MIMO-NOMA systems
System Channel Method SNR(dB)

- - - 1 3 10

NOMA Rayleigh R-RIDE-RS 0.2757 0.6909 2.0708

- Rician R-RIDE-RS 0.2667 0.8055 2.7031

MIMO- Rayleigh R-RIDE-RS 0.2880 1.6434 5.5084

NOMA Rician R-RIDE-RS 1.3417 3.3549 6.9514
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4.2 Results for Reed-Solomon coded schemes

In second, theReed-Solomon codewith random interleaved differential encodedwith redundancy scheme (R-RIDE-RS) is

applied in NOMA andMIMO-NOMA systems. This scheme is compared with Reed-Solomon coded without interleaving

and differential encoding scheme. The needed parameters for simulation of the proposed R-RIDE-RS and RS schemes in

NOMA and MIMO-NOMA systems are presented in Table 4.

In Figures 11 and 12, the proposed schemes are compared with conventionally Reed-Solomon coded schemes without

adopting interleaved with differential encoding scheme which is called RS-NOMA and RS-MIMO-NOMA. The two types

of fading channels which are Rayleigh and Rician are used in these schemes.

In Figure 11, the proposed scheme always outperforms the conventional scheme and Rician channel's proposed scheme

has almost 28% better BER performance than the Rayleigh channel's proposed scheme.

Moreover, Rician's proposed scheme in MIMO-NOMA has almost 91% better BER performance than that of NOMA

system which is shown in Figure 12. The results of the proposed and conventional schemes are tabulated in the Table 5.

The average mutual information of the proposed schemes for NOMA and MIMO-NOMA systems are simulated and

shown in Figures 13 and 14.

Parameter Value

Channel Rayleigh & Rician fading channel

Number of bits 512

Modulation method QPSK

SNR 0-20 dB

Type of encoding Turbo encoding,

- differential encoding

Type of decision Soft decision

Rate of doding Half

Type of decoding Turbo decoding,

- differential decoding

Type of interleaving Random

TABLE 7 Parameters for the proposed R-RIDE-T scheme

FIGURE 15 BER versus SNR (dB) of the proposed and

conventional schemes in TWR network

FIGURE 16 BER versus SNR (dB) of the proposed and

conventional schemes in TWR network
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FIGURE 17 AMI (bps/Hz) versus SNR (dB) of the proposed and

conventional schemes in TWR network

FIGURE 18 AMI (bps/Hz) versus SNR (dB) of the proposed and

conventional schemes in TWR network

In Rician, the proposed AMI value is almost 31% higher than that of a Rayleigh at 10 dB in Figure 13. And, the proposed

AMI value is almost 26% higher than that of a Rayleigh at 10 dB in Figure 14. The results of AMI are shown in Table 6.

Consequently, applying MIMO-NOMA in the Rician channel's proposed scheme has a 60% higher AMI value than that

of NOMA system alone.

4.3 Results for turbo-coded schemes

Turbo code is investigated and applied in the proposed interleaved differential turbo coded in both NOMA

(R-RIDE-Turbo-NOMA) and MIMO-NOMA (R-RIDE-Turbo-MIMO-NOMA) systems. The needed parameters for simu-

lation of proposed R-RIDE-Turbo and turbo schemes in NOMA and MIMO-NOMA systems are presented in Table 7.

The simulation results of BER versus SNR (dB) for the proposed and conventional scheme in Rician and Rayleigh

channels can be observed in Figure 15 for NOMA system and in Figure 16 for MIMO-NOMA system.

The results of the simulation for selected values of SNR (dB) among the proposed and conventional schemes are

tabulated in the Table 8.

As results shown in Table 8, the Rician's proposed scheme in MIMO-NOMA system has almost 94% better BER

performance than in NOMA system.

TABLE 8 BER versus SNR (dB) in the proposed

R-RIDE-Turbo and turbo in NOMA and

MIMO-NOMA systems

System Channel Method SNR(dB)

- - - 5 10 20

NOMA Rayleigh Turbo 4.05E-02 2.84E-02 2.35E-03

- - R-RIDE-Turbo 3.73E-02 2.21E-02 1.86E-03

- Rician Turbo 3.80E-02 2.66E-02 2.20E-03

- - R-RIDE-Turbo 2.31E-02 1.60E-02 1.38E-03

MIMO- Rayleigh Turbo 3.13E-03 2.21E-03 1.870E-04

NOMA - R-RIDE-Turbo 2.34E-03 1.66E-03 1.42E-04

- Rician Turbo 2.81E-03 1.99E-03 1.69E-04

- - R-RIDE-Turbo 1.57E-03 1.11E-03 9.00E-05
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System Channel Method SNR(dB)

- - - 1 3 10

NOMA Rayleigh R-RIDE-Turbo 0.1797 0.5972 1.3866

- Rician R-RIDE-Turbo 0.6165 0.8902 3.1987

MIMO- Rayleigh R-RIDE-Turbo 0.4935 2.1239 8.1349

NOMA Rician R-RIDE-Turbo 1.5315 6.9229 15.7800

TABLE 9 AMI (bps/Hz) on SNR (dB) in the proposed

R-RIDE-Turbo and turbo in NOMA and MIMO-NOMA

systems

Simulation of the AMI of the proposed schemes in NOMA andMIMO-NOMA systems are presented in Figures 17 and

18, and the numerical results are listed in Table 9.

As results shown in Table 9, the proposed scheme of MIMO-NOMA system has better error performance than NOMA

system because it has two transmitting and receiving information streams compared with NOMA system alone.

5 CONCLUSION

To build the strong and reliable communication system, the strength, duration, and speed of the signal are important

elements to be considered. These elements work to obtain the highest quality of data transmission with the best speed.

But, the control of quality of data transmission depends on the bit error probability at the receiver. Network coding for

the two-way relay network model with R-RIDE is proposed and applied with different channel encoding techniques in

NOMA and MIMO-NOMA systems. To prevent the data from burst noise, the information messages need to be encoded

with channel encoding techniques. According to the conducted studies, the simulated results show that theR-RIDE-Turbo

network coded in theMIMO-NOMA system is better than the other coded schemes as regards BER and AMI. In addition,

the MIMO-NOMA system combination always surpasses the NOMA system alone. Therefore, we are able to conclude

that the proposed MIMO-NOMA R-RIDE-Turbo system has excellent results for BER and AMI analysis in wireless

communication network.
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