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Abstract: Multi-path fading is a severe issue that causes fluctuations in the amplitudes of the received signals. For combating
this issue, several researchers have used cooperative communication in the Long-Term Evolution (LTE)-advanced system. To
further decrease the degradative effects of transmitted signals, various error correction techniques can be used to recover the
erroneous components, especially when the channel has been deep fading. The paper investigates the general performance of the
Convolutional Codes (CC) in the LTE-advanced cooperative system and compare it with the Bose-Chaudhuri-Hocquenghem
(BCH) codes. The comparison is based on WINNER II project as the channel model between the nodes in the two coding
processes. To validate the advantages of BCH code, the process were tested on three different environments; a suburban macro-
cell, urban macro-cell, and the rural micro-cell with prior study to understand the appropriate relay height in every environment.
Path loss models for each environment were derived and proposed as part of the proposed simulation framework. Conducted
simulation studies based on bit error rate and direct connection showed that the use of the CC and the BCH codes in a relay
technologies could significantly increase the system performance. It was noted that the performance of the system which used
BCH nodes was better than the system using CC nodes in an LTE-advanced cooperative system.
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1. Introduction

Multiple-Input-Multiple-Output (MIMO) processes have been studied to provide reliable transmission information
for higher data rate applications [1, 2]. Cooperative systems are a cost-effective and alternative system as they present
similar diversity benefits like the centralised MIMO techniques using cooperation concept, but without increasing the
power transmission. The cooperative communication system is a concept that can generate independent paths between
the customer and Base Station (BS) using a new relay channel. This relay channel is regarded as the auxiliary channel to
between the destination and source. The principal concept underlying the cooperation is the pool of resources between
users in the network pool to develop a virtual antenna array for spatial diversity. The cooperative spatial diversity causes
an increase in the exponential decay rate with regards to the error probability with an increase in the Signal-to-Noise
Ratio (SNR).

In the past few years, the traditional relay has emerged as a major issue because this approach uses a system
consisting of intermediate nodes, i.e., Relay Nodes (RN), that decode and forward the message received from the source.
Though this technique is a very effective approach that saves energy owing to a nonlinear path loss, it is plagued by signal
fading for individual links. This issue can be resolved by exploiting the existing differences, like frequency, time, and
spatial diversity. For making use of the existing frequency and time diversities, several researchers have applied various
channel codes like Turbo, Cyclic Redundancy Check, Low-Density Parity Check (LDPC) [3], convolutional, and the
recently-reported Reed Solomon (RS) codes. The popular cooperative schemes include the Decoding and Forward (DF)
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and the coded cooperation. One study used Convolutional Codes (CC) based on many wireless communication standards
[4], and another [5] considered cooperative systems which used channel coding. In the latter, the active transmitting users
codewords were split and transmitted to the independent fading channels. Researchers in [6] investigated the serial
concatenated convolutional coding scheme performance against the flat fading channels by deliberating over the altered
and delayed auditory feedback (DAF) cooperation.

Based on the literature review, existing works on Code-Division Multiple Access (CDMA) systems either adopt the
assumption of orthogonal subchannels [7-9] or have considered synchronous communications [10,11]. Furthermore, [12]
investigated the performance of the CDMA in the Cooperative Communication System, which used the Maximum Ratio
Combiner (MRC) and the Equal Gain Combiner (EGC). Bose-Chaudhuri-Hocquenghem (BCH) codes were suggested to
be a superior code error correction technique [ 13], but only a few studies have employed the BCH code in the cooperative
system. Existing studies consider either direct link communication [14] or cooperation in sensor network systems [15,16].
This paper aims to prove BCH's potential to further reduce the bit error rate in a cooperative system by employing it in
the Orthogonal frequency-division multiplexing (OFDM) cooperative system of the LTE network. This paper is a
continuity to our previously published paper [17], which employed BCH code, but in a cooperative beamforming system.
The primary contributions of this study are as follow;

1. Investigate the feasibility of using BCH and CC codes in the cooperative system of the LTE network while satisfying
the particular regulatory conditions and ensuring that all specifications related to 3GPP and IMT [18] for the LTE-
Advanced systems were fulfilled.

2. Implement a WINNER II channel model to represent a wireless channel between the nodes of the coded cooperative
system and evaluate the performance of the suggestion model criteria with a direct link (no RN) and non-coded
cooperative (with RN).

3. Determine the proper relay height in three scenarios. We have chosen the built-in scenarios of the WINNER channel
model in three environments; suburban macro-cell (C1), urban macro-cell (B1), and rural micro-cell (D1).

This paper is organised in the following manner. Section 2 describes the Wireless Channel Models (WINNER II),
which includes the geometry-based modelling of all radio channels, field patterns, and the antennae geometries. Section
3 briefly introduces the CC and BCH theoretical foundation that can be used in the OFDM cooperative system. Section
4 describes the LTE-Advanced cooperative system, while Section 5 describes the channel model parameters like Base
Station (BS), Relay Node (RN), and the User Equipment (UE). Section 6 introduces the derived path loss models to be
used in the selected environments. Section 7 presents the simulation system that used relay deployment processes and
system parameters based on the WINNER channel model. Section 8 presents simulation results, and finally, Section 9
offers some recommendations for additional research and conclusions.

2. Wireless Channel Models Winner 11

Many studies have used a single path loss model for the macro Evolved Node B (macro-eNB) attached to the UE
connections, based on the conventional formulae used for the Non-Line-of-Sight (NLOS) propagation environment. A
minor correction was proposed, which accounted for the use of a Line-of-Sight (LOS) component. This presumption was
acceptable for the homogeneous networks, consisting of a constant site-to-site distance and a regular cell grid topology.
On the other hand, using a single path loss model cannot present accurate information regarding the heterogeneous
deployment since the macro-eNBs, and relay/pico/femto/remote radio head consist of varying transmitted powers,
antenna heights, antenna gains, and down-tilts. However, the cell topology also differs in the Heterogeneous Network
(HetNet), since it requires very sophisticated channel models for representing the propagation environment. The IMT-
Advanced channel model was seen to be a geometry-based stochastic channel model, which evaluated the radio interface
processes. The primary module framework was based on a WINNER 1I channel model consisting of a 100 MHz
bandwidth with a 2-6 GHz central frequency. The WINNER channel model was a geometry-based stochastic model that
helped in separating the propagation antennae and parameters. The channel parameters for the single snapshots were
stochastically determined using statistical distributions that were extracted using the channel measurements. The field
patterns and antenna geometries were defined using the model's user. The channel realisations were generated using the
geometrical principle by including the contribution of the rays (i.e., plane waves) with particular small-scale parameters
like power, delay, Angle of Arrival (AoA), and Angle of Departure (AoD). A superposition leads to the correlation
between various temporal fading and antenna elements with a geometry-based doppler spectrum. [19] presented a transfer
matrix for the MIMO channel as the following Equation 1.

H(t’ T) = m:l Hm(t’T) (1)
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The above equation consists of the antenna array response matrices for transmitter (fex), for the receiver (frx ), and a
propagation channel response matrix (fn) for the cluster m, in the following Equation 2 [20].

Hysm(@t,7T) = [[ B (@hn (t, 7,8, @)FL (@) dyd,, @

The cluster that was derived from the T antenna element s, to the R, element, u, for the cluster, » in the following
Equation 3 [21]:

T
Frx,u,V ((pmn)] [am,n,VV am,n,VH] [th,s,V (Q)m.n)
Frx,u,H ((pm.n) @ th,s,H (Q)m.n)
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FTX

Friwyv and freut are the antenna element for u field patterns in the vertical and horizontal polarisations, respectively.
Furthermore, @mnvv and @mnVH are the complex gains for the vertical-to-vertical and horizontal-to-vertical

polarisations for the ray m, n, respectively, whereas 4a represents the wavelength of the carrier frequency; @mn denoted

the AoD unit vector; while ®mn represents the AoA unit vectors. Frxu and Trxs were seen to be the location vectors for

the elements u and s, respectively. Ymn indicates the Doppler frequency component for the m, n ray. When the radio
channel was modelled as a dynamic model, the above small-scale parameters varied according to time, ¢.

3. Coded Techniques

In this section, the CC and BCH coding techniques in the encoder and decoder used in an LTE-Advanced cooperative
system are explained briefly.

3.1 Convolutional Coding (CC) Technique

Studies have used the convolutional coding process [22], [23] to reduce the likelihood of an erroneous transmission
over the communication channels affected by the noise. An encoder is provided with a binary input, which is shifted into
shift register k-bits. N-bits are seen to be the output bits for every input value of k. A convolutional encoder can be
described in terms of generators, i.e., n vectors (having an Lk length) describe the chosen taps from a shift register that
are mod-2 summed. Here, the values were n=2; k=1 and L = 3. The [1 7] octal generator was used, while the code rate
(k=n) was 1/2, as presented in Fig. 1. The encoding data can be collected after the input data was passed through a

. . N . k(1) _
convolutional encoder, as described in Fig. 1. Convolutional encoder showed a 2 (T =4 state, where n denoted the
number of outputs; £ indicated the number of inputs, while L was a constraint length.

<+— Lk stages —*

Q1 Q2 Q3

N

Fig. 1 - Convolutional encoder with a code rate of 1/2 generator matrix [1 7] octal

X 5

The convolutional decoder that implemented the Viterbi algorithm similar to the maximum likelihood criterion was
used in this study due to the dependency on selecting correct decoded data corresponding to the minimal Hamming
distance for every frame.
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3.2 Bose-Chaudhuri-Hocquenghem (BCH) Coding Technique

In this process, the BCH encodes block created a BCH code using a message length, i.e., K=5; while the codeword
length, N=15. The input should contain the defined K elements exactly. The output represented the vector with length, V.

N is represented in the form of A , and M is an integer >3. For a specified codeword length of N, a specific message
length of K was valid for the BCH code.

Furthermore, the BCH decoded block recovered the binary message vector from the binary BCH codeword vector.
The primary two parameter values in the block have to be matched with the parameters described in a respective BCH
encoder block to ensure proper decoding. The input is the binary codeword vector, while the subsequent binary message
vector represents the output. It was noted that when the BCH code had a codeword length of N and message length of K,
the input had a length of N while the output has the length K. However, if the input was frame-based, then it should be
the column vector. Output 2 was the number of errors that were detected when the codeword was decoded. The negative
value of the integer indicated that this block detected a higher number of errors compared to what it could correct using
the coding scheme. The sample time for the input and the output signals was the same.

4. System Description

This study was conducted in 3 phases. Phase 1 is developing an LTE-Advanced non-cooperative system, and Phase
2 is developing an LTE-Advanced cooperative system. Finally, in Phase 3, the development of the coded LTE-Advanced
cooperative system. The LTE-Advanced non-cooperative system was developed as the benchmark system to test the
proposed coded LTE-Advanced cooperative system, which used the DAF protocol. The proposed LTE-Advanced
cooperative system operated in the complete full-duplex mode, where simultaneous signal transmission or reception can
be realized using the same transceiver during the downlink.

The coded LTE-Advanced cooperative system used CC or BCH codes that included the sender, relay, and destination
units. In a sender unit, the user sends a text message as input information. This input is applied in a binary bit form to an
Y rated convolutional encoder [12]. Fig. 2 presents the simulated coded cooperative system block diagram.
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Fig. 2 - Block diagram of the coded OFDM cooperative system

The convolutionally-encoded bits were digitally modulated using a Binary Phase Shift Keying (BPSK) process. Once
the serial-to-parallel conversion was concluded, all symbols were fed to the OFDM modulator that carried out an Inverse
Fast Fourier Transform (IFFT) process on every OFDM block, 1024 symbols/subcarriers long. This was followed by the
Cyclic Prefix (CP) of length, Lcp, which contained a copy of the last Lep with parallel samples. After that, the derivation
of parallel-to-serial converted output with 1024-point IFFT. The CP was seen to be a guard interval that could eliminate
the interferences between the OFDM symbols. The resultant OFDM symbols having a length of 1024+Lcp were
transmitted from the transmitting antenna. The receiver received 2 signals at the destination, where one was transmitted

265



Rosdiadee Nordin et al., International Journal of Integrated Engineering Vol. 15 No. 3 (2021) p. 262-275

directly from the sender unit, while the second was transmitted via the relay unit. The relay unit received a single signal
that was transmitted from the sender unit, which was processed and retransmitted under DAF relaying protocols. At the
destination, the two signals were combined with the help of different combining techniques.

Furthermore, the transmitted signal from the sender unit with a higher strength compared to the noise signal was
retrieved. This retrieved signal was de-mapped through various sections of an OFDM demodulator and was
convolutionally decoded for recovering the transmitted text message. Again, this processing is rerun after replacing %2
rated convolutional encoded/decoded with the BCH encoder/ decoder at sender, relay, and destination units [15, 5].

5. Channel Model Application

Here, the channel model for cooperative strategy was applied in three different environments, i.e., suburban macro-
cells, urban macro-cells, and rural micro-cells. This cooperation strategy was modelled in two phases. In the first phase,
the source broadcasts the information to the destination unit. The data is simultaneously received by a relay unit (owing
to broadcast), as described in Fig. 3. In the second phase, the relay helps the source to forward or retransmit the
information to a destination unit. Phase 1 describes the general relay channel, where the source transmitted the
information using Power, P1, while the relay transmitted the information using Power, P2. A scenario has been
investigated where the source and relay transmitted the information in Phase 2. Also, the relay unit helps the source by
retransmitting and forwarding all information to a destination unit.

) P
hs,r / )\i

A7 AN
d N d
" é\ Relay(R) <
Py —
hsd 4 L

Source (9)
Destination(D)

Fig. 3 - A cooperative system

To represent Phase 1 in the form of an equation; received signals; Ysa and Ysr at the destination and relay units, are
written respectively as the following Equation 4 and 5:

Yea = VPhegx + ngy “)
Yo = ‘/ﬁhsrx + Ny (€))

P represents the transmitted power at source; X is a transmitted information symbol; 1 denotes the additive noise, while

h'ss the channel fading between the nodes, i.e., the Rayleigh flat fading channels. his mathematically modelled as the
complex Gaussian random variable. The real and imaginary parts were a 0 mean Independent variable and the Identically
Distributed (IID) Gaussian random variable. Hence, the Equation 6:

Yrd = hrdq(ysr) + Nyq (6)

where function ¢(-) was dependent on the processing that was implemented at the relay node. Based on the knowledge
of all channel coefficients (between source and destination, or relay and destination), the destination unit detected the
transmitted symbols after combining all received signals from the source and relay units. The destination unit receives

two copies of a transmitted signal via the source link, Ysa (4), and relay link, Yra (6). Different techniques could be used
for combining the signals received at the destination unit. The optimisation process which maximises the general SNR
value was the Maximum ratio Combiner (MRC). The MRC combining process was a coherent detector that required the

266



Rosdiadee Nordin et al., International Journal of Integrated Engineering Vol. 15 No. 3 (2021) p. 262-275

knowledge of all the channel coefficients. Hence, based on this knowledge of hsq , hsy and Pra channel coefficients,
MRC detector output at the destination was described as Equation 7.

Y =AYy +BYy @)

A and B were the combining factors that were designed for maximising the combined SNR. These factors can be designed
using the detection theory principles on the signal space. Since the AWGN noise terms can span the entire space to

minimize noise effects, the detector projects the received signals and the desired signal space. The Ysa and Yra signals
must be projected sequentially along the direction after the noise variance terms were normalised in the received signals.
Hence, 4 and B were expressed as in Equation 8.

P ht VPh.
B = L and A = —=2

No Ny ®)

6. Path Loss Model

The path loss model deals with the large-scale or long-term variations noted on an average strength of the received
signals based on the variation of distances between the receiver and transmitter. This path loss indicates the speed at
which the strength of the received signal decreases with the distance. The popular path loss model includes the free-space
path loss model, where the mean received signal strength was inversely proportional to the distance square (i.e., the
strength of the received signal decreased 4-times when the distance was doubled). In the case of terrestrial wireless
communication, this signal strength decreased very rapidly. Furthermore, the path loss between a receiver and transmitter
was based on a path loss exponent dependent on the environment. The path loss value was 2 in rural areas or free space,
2-3 in suburban regions, around 4 in urban areas, and not deterministic in the case of irregular terrain. A high path loss
value indicates a faster drop in the signal strength, with an increasing distance value. In this study, the empirical model
is used for modelling path loss [20].

Various path loss models for differing WINNER scenarios were developed depending on the measurement values
derived from the literature. These models were based on the following Equation 9 [24].

PL=Alog,od +B + Clogy = + K ©)

d (in meter) denotes the distance between the receiver and transmitter; fe [in GHz] represents the system frequency, and
A indicates the fitting parameter, including a path-loss exponent. B represents an intercept in the above form, which was
a fixed value based on the empirical observations and was estimated using the free space path loss based on the reference
distance and the environment-dependent constant. Factor C denoted the path loss frequency dependence, whereas K was
an optional environment-related term dependent on the situation. These models could be applied at varying antenna
heights and frequency values ranging between 2 and 6 GHz. In [25], the researchers described the estimated values based

on the empirical observations for 4, B, C, and K variables. A free-space path loss, P Lf?’é’e, was expressed as Equation 10.
PlLyree = 20l0gyo d + 46.4 + 20 log, o = (10)

Both Equations 9 and 10 serve as the basic path loss formula, which will be expanded according to different
WINNER channel models in Section 6.1. The path loss models used in the different situations with the WINNER channel
model were based on the measured data derived at 2 and 5 GHz frequencies. The models were extended to the arbitrary
frequencies ranging between 2 and 6 GHz, with the help of a path loss intercept and path loss frequency dependencies.

6.1 Scenario C1: Suburban Macro-Cell Scenario with Relay factors

The suburban macro-cell scenario Cl1 included in WINNER can be described in the following manner. The suburban
macro-cell (Cl1) situation values were determined at a central frequency value of 2.5 GHz, where the residences were at
a lower height than the town centre's building. The heights of these houses varied between 3 to 6 storeys. The area also
includes parks, parking spaces, and trees which lined the streets between these houses. The effective height of the antenna
was presumed as the actual height since the suburban areas showed a relatively low vehicular density. Based on the
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parameters that were proposed for the WINNER II model, a path loss Equation 11 could be written for this situation as
follow.

PL;,s = 40.0 log,o (d[m]) + 11.65 — 16.2log,o (hgs[m]) — 16.2log, (hys [m]) + 3.8log,o(f [GHZz]/5.0) 11

d represents the distance between a receiver and transmitter; dgp<d < Skm, dgp = 4hgshgsfc, | hgs the BS height;
while 2zs denotes the relay station height; s the user equipment height; fis a carrier frequency; ¢ the light velocity in
a vacuum. In this case, Mas =25 m; hws =1.5 m and Pxs =5, 15, and 20 m.

6.2 Scenario B1: Urban Micro-Cell Scenario with Relay Scenarios

In the case of an urban micro-cell, B1, the height of the antennae at the Base Station (BS) and User Equipment (UE)
were presumed to be lower than the height of the neighbouring buildings. The antennas were presumed to be in an outdoor
area where the streets were laid into a Manhattan-like grid. These streets were classified as "the main street", where a
LOS was noted from this location to BS. Exception in the situations where LOS was blocked temporarily by the traffic
like trucks or buses. The streets which intersected the main streets were called perpendicular streets, and others that ran
parallelly to the main street were called parallel streets. Regarding the RN in an urban micro-cell scenario, the relay
station was situated at the intersection between the branching and main streets, as presented in Fig. 4., with the help of
the relay deployment and combination process depicted in Section 7. The path-loss is given in Equation 12.

PLyys = 40.0 logyo (d[m]) + 9.45 + 17.3logyo (ks [m]) + 17.3logyo (his [m]) + 2.7l0g (f [GHz]/5.0) (12)
AT
MS I
= BS
MS
w_

Fig. 4 - An urban micro-cell scenario

] o 1ot ,
d denotes the distance between a receiver and transmitter; dpp < @ < 5km, dpp = 4hpghpefc, ni represents the BS
antenna height (real hss was presumed as 1.5 m), hrs the effective antenna height of a relay station (real value was

presumed as 1.5 m), hys indicates the effective UE antenna height of a relay station, (real firs was assumed as 1 m), f
denotes the carrier frequency; while ¢ is the light velocity in a vacuum; ¢ was the standard deviation. The values of hzs

=10m, hus =1.5 m, hrs =3 to 5 m, and = 3 dB.

6.3 Scenario D1: Rural Macro-Cells with Relay Scenarios

The D1 propagation scenario represented the radio propagation in larger areas (with the radius of the area up to 10
km) with a lower building density. The AP antenna height ranged between 20 and 70 m, which was higher compared to
the average height of the buildings). As a result, LOS conditions were noted in the overall coverage area. However, if the
User Equipment (UE) was located within a vehicle or building, an extra penetration loss was noted and modelled in the
form of a frequency-dependent constant. The location of the AP antenna location was fixed in this situation, while the
velocity of the UE antenna ranged between 0 and 200 km/h

In a WINNER Phase I case, the measurement was carried out in the flat rural area near Oulu, Finland, with two
frequency values, i.e., 2.45 and 5.25 GHz, while the AP antenna height ranged between 18 m and 25 m. The result is
Equation 13.
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PL;,s = 10.5440.0 log,, (d1[m]) — 18.5l0g,( (hgs [m]) — 18.5l0g1o (hys [m]) + 1.5log,o(f [GHZ]/5.0) (13)

7. Simulation Set-up of the System

As the WINNER channel model was delivered solely in the physical layer, the designed simulator was seen to be a
physical level simulator. The major components which were used for designing the simulator included the RN, BS, UE,
and the scenarios. It is essential to implement a multi-hop environment for a simulator, where the relay unit was located
between the UE and BS.

7.1 Rural Macro-Cells with Relay Scenarios

Relay transmission is a form of collaborative communication, where the RN forwards user data from the
neighbouring UEs to local BS. This relay is restricted to the combination of the UE (i.e., receiving part) and BS (i.e.,
transmission part). Hence, a deploying relay is described as deploying a component of UE and BS in this environment,
as described in Fig. 5.

LTI

BS1 My,

Rx Relay Tx -

Node

Fig. 5 - A relay deployment based on the combination of a BS and UE

The design included 2 BS, i.e., BS1 and BS2, and 2 UEs, i.e., UE1 and UE2. An RN was constructed using a pair of
BS2 and UEI. A Relay link is described as a link between UE1 and BS1, while an access link is formed between the BS2
and UE2. Furthermore, the link noted between the BS1 and UE2 was called a direct link. The signal from the BSI to the
UE2 was transmitted with the help of UE1 and BS2, which acted as the relay for BS1. In the case of a multi-hop network,
several BS-UE pairs were introduced at the relay position. For deploying the RN, the procedure is described below:

1. In Step 1, set the positions of the BS1 and the antenna array orientations for BS1.
. In Step 2, set the UE2 position and the antenna array orientations for UE2.

3. For constructing the RN, the UEI and BS2 were added, as shown in Fig. 5. All array characteristics and array
orientations for the BS2 and UE1 were kept the same.

4. After that, define the UExBS pairing matrix for constructing the RN. In a cooperative system scenario (with relay),
the form of pairing matrix A was established, as the following Equation 14.

BS1 BS2 BS1 1 21
A= [ ] - [3 4 4]

UE1 UE2 UE2 (14

In this matrix, based on the design described in Fig. 5, Node 1 represented BS1, Node 2 represented UE1, Node 3
represented BS2, while Node 4 represented UE2. A relay link linked Nodes 1 and 3; an access link linked Nodes 2 and
4, while a Direct link linked Nodes 1 and 4. BS2 and UEI constituted a pair, while no pairing was noted between the
BS1-UE1, BS1-UE2, or BS2-UE2, before the RNs were constructed. All the radio links were then generated at the same
time
5. Finally, the channel segments were simulated.

7.2 The Output of All Link Parameters

The output for earlier simulation includes many parameters. In this simulation, the number of links (K), paths in
every link (N), and sub-paths in every path (M) were defined, and the output parameters noted in the simulation were:
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1. Delays: K x N matrix for the path delays (s).

2. AODs and AOAs distribute uniformly between -180° to 180°.

3. Path losses: These were represented using the (K x /) matrix for every scenario. The formula for measuring path
loss can be referred to in Section 6. It includes a coefficient multiplied by transmitted power.

4. Distances between all stations were represented using a K X / matrix.

5. Shadow fading losses were measured using a linear scale. They were represented using the K x 1 matrix and included
a coefficient multiplied by mean path loss.

7.3 Evaluation of the BER Results

A link-level simulation was performed to study the BER in 3 different environments, as mentioned in Section 6. The
OFDM multiplexing technique was considered, while stimulation parameters included in the simulation to evaluate the
BER are presented in Table 1. Fig. 6. presents the algorithm for the coded OFDM simulator and relay construction for
some SNR values. The algorithm identifies and specifies initial set-ups like the antenna array and orientation, chosen
scenario parameters, and BS, UE, and RN position. This follows with the generation of all the radio links based on the
WINNER 11l channel model to compute the power of the relay link and BER based on different coded OFDM systems.
The processes were repeated 10,000 times, and finally, average BERs were concluded.

Table 1 - Simulation parameters

System Parameters Definition
Channel Bandwidth 20 MHz
Carrier Frequency 2.5 GHz
Channel Model used WINNER II
Path Loss models Line of Sight (LOS)
UE height 1.5m
BS height C1 (125 m), D1 (30 m) and B1 (10 m)
BS transmitted power 46 dBm
BS antenna gain 14 dBi
BS noise figure 5dB

RN height Between 5, 15, 20 & 25
RN noise figure 7 dB
UE height 1.5m
UE numbers 1 (single user)
UE noise figure 7 dB
System bandwidth 20 MHz
Data modulation BPSK
BCH Coding [15,5]

Convolutional Coding

[17], rate=1/2

Cyclic prefix 256 samples
Transmitter IFFT size 1024
Thermal noise level -174 dBm
Number of iterations 104
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Fig. 6 - Algorithm for the coded OFDM simulator

8. Simulation Results

All systems included in Section 4 were simulated with the help of the Matlab codes. Fig. 7. depicts the suburban
macro-cell scenario, C1 performance of OFDM evaluation in a DAF cooperative system, OFDM in the direct link, CC-
OFDM in a DAF cooperative system, and the BCH-OFDM in a DAF cooperative system. Results showed better BER
performance with the BCH code. Hence, for achieving a BER value of = 10*, SNR needed in a cooperative system of
BCH-OFDM was 15 dB less than that needed for a direct OFDM link, 2.5 dB less than that needed for a cooperative

system CC-OFDM, or 5 dB less than that needed for a cooperative system OFDM.

271




Rosdiadee Nordin et al., International Journal of Integrated Engineering Vol. 15 No. 3 (2021) p. 262-275

T

T

—=— Cooperative-DAF

++ 4 Cooperative-Rayleigh-DAF-CC [
—w— Cooperative-Rayleigh-DAF-BCH

1 —® ~ OFDM-direct sim I

Bit Error Rate

Eb/No, dB

Fig. 7 - BER performance of OFDM in the direct link, OFDM in cooperative DAF, CC-OFDMA in
cooperative DAF and BCH-OFDM in cooperative DAF for scenario C1 (suburban)

In a suburban macro-cell scenario, C1, the BER performance of a cooperative system with the BCH-OFDM process
was investigated at differing relay heights. Fig. 8. indicated that the system's performance could be improved if the Relay
height was 15 m. For achieving a BER value of = 10, the SNR needed for a Relay height value of 15 m was 4 dB less
than that needed for a relay height of 20 m, or 7.5 dB less than that needed for a relay height of 5 m.
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+++40+ Cooperative-DAF-BCH-C1-BSH15 _

—+— Cooperative-DAF-BCH-C1-BSH20 7
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=)

10
10'5 i is i 1 i
5 10 15 20 25 30 35
Eb/No, dB
Fig. 8 - BER performance of BCH-OFDM in a cooperative DAF with different relay heights in scenario C1
(suburban)

In the case of a suburban macro-cell scenario, C1, Fig. 9. presents the results of the BER performance of a cooperative
system with the BCH-OFDM process at differing relay distances. The system performance was significantly improved if
the relay was situated between the UE and BS. Hence, for achieving a BER of = 10, the SNR needed for a Relay distance
of 500 m was 3 dB less than that needed for a relay distance of 200 m, or 9 dB less than that needed for a relay distance

of 800 m from BS.
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Fig. 9 - BER performance of the BCH-OFDM system using a cooperative DAF with varying relay distances
in scenario C1 (suburban)

In the case of a rural macro-cell Scenario D1, the BER performance of a cooperative system with the BCH-OFDM
technique was also investigated at differing relay heights. Fig. 10. indicated that the performance of the system could be
improved if the Relay height was 15 m. Hence, for achieving a BER of = 10, the SNR needed for a Relay height of 15
m was 5 dB less than that needed for a relay distance of 25 m, or 12.5 dB less than that needed for a relay height of 5 m.
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0 5 10 15 20 25 30 35
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Fig. 10 - BER performance of BCH-OFDM in a cooperative DAF with differing relay heights in scenario D1
(rural)

In an urban macro-cell scenario B1, the BER performance of a cooperative system using the BCH-OFDM process
was investigated at differing relay distances. They altered the RN and the UE location. RN was placed at the intersection
of the branch street and main street, while the UE was placed along this main street, as shown in Fig. 4. Results indicated
that the system's performance could be improved if the distance between the RN and BS or the distance between the UE
and RN was short, as indicated in Fig. 11. Hence, for achieving a BER of = 10, the SNR needed for a Relay distance of
100 m and 250 RN-UE and BS-RN was 7 dB less than that noted for the respective distances of 3000 m and 500 m.
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Fig. 11 - BER performance of the BCH-OFDM in a cooperative DAF with differing relay distances from
the UE and BS in scenario B1 (urban)

Based on the results generated previously, Table 2 summarizes the comparison based on different relay heights and
varying relay distances. The table highlighted the best configuration based on various deployment scenarios with the
performance gain, compared to the other considered height and distances configurations. It can be observed that the vast
performance gain can be achieved under the deployment Scenario B1 (Urban), with the highest performance gain of 7
dB.

Table 2 - Summary of performance gain and best relay configuration based on considered deployment scenarios

Scenario Best Relay Performance
Configuration Gain, dB
Scenario C1 (Suburban) height =15m 3.5
Scenario C1 (Suburban) distant = 500 m 3.5
Scenario D1 (Rural) height=15m 6
Scenario B1 (Urban) distant = 1000 m 7

9. Conclusion

We have investigated the performance of coded LTE-Advanced cooperative systems based on two different coding
schemes, known as convolutional code (CC) and Bose-Chaudhuri-Hocquenghem (BCH), to further improve the BER.
Both of the coding techniques were simulated in the WINNER II wireless channel model under three different scenarios;
B1 (urban-micro cell), C1 (suburban macro-cell) and D1 (rural macro-cells), while the RN is in the stationary condition
at various heights. The results have shown that the LTE-Advanced system employing a cooperative system with BCH
code has superior BER performance than those with CC. The BER gain achieved by the BCH-based cooperative LTE-A
can be explained by the capability of the BCH code to transmit an independent copy of wireless signals, which promotes
higher spatial diversity to minimize the fading effect. Also, the height of the RN plays a significant role in influencing
the BER performance. The results have shown that the RN height must be lower than BS in a coded LTE-Advanced
cooperative system to ensure minimum BER loss. Future work will consider RN in differing locations based on the
location of user equipment and consider the latest progress in the Fifth Generation or 5G transmission based on the 3GPP-
Release 15 and 16 standards.
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