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ABSTRACT
User-relay assisted OFDMA-based cellular networks have gained great
importance recently since these networks are indicated as one of the
powerful technologies that will contribute the 5G standard. These net-
works can be used with novel three-phase frame structure unlike classical
two-phase frame structure and can be enhanced with multiple antennas
to utilise the advantages of them. The main advantage of the three-phase
frame structure is taking care of the limitations of the current transceiver
design in practical systems and not allowing users to be relay and user
simultaneously. Diversity and capacity gains are also the advantages of
extending the network with multiple antennas. In this paper, we will use
the novel three-phase frame structure for downlink MISO-OFDMA cellular
networks and develop resource management algorithms as relay selection
and resource allocation to observe the benefits of this system.
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1. Introduction

Developments in the wireless communication technologies increase the number of mobile devices,
such as smartphones, tablets, etc. so the wireless services and applications as social networking,
online gaming and video platforms are being a part of our daily lives every day. Thus, users want to
obtain ubiquitous seamless service at higher data rates. However, there are many environmental
challenges as transmission channel impairments, limited availability of frequency spectrum and
transmission power constraint to overcome to meet these demands of the users. There are some
well-known strategies to eliminate these drawbacks as the orthogonal frequency division multiple
access (OFDMA), relaying and multiple antenna technologies.

OFDMA is a very popular transmission technology for high data rate communication systems
because of the robustness against frequency-selective fading and high spectral efficiency. Using
multiple antennas technologies such as multiple-input multiple-output (MIMO) or multiple-input
single-output (MISO) also provides a capacity gain without increasing the bandwidth or transmit
power in rich scattering environments and diversity gain to combat signal fading compared to
classical single-input single-output (SISO) systems. However, if there are long distances between
the users and the base station (BS), it may be difficult to reach the required capacity values by
using only multiple antennas in conventional cellular networks. Moreover, it is difficult to cover
areas suffering from bad channel conditions. Additional BSs can be established on these networks
as a solution but the new BSs increase the cost of mobile operators. Using low-cost relay stations
(RSs) in cellular networks without deploying new BSs can be an alternative cost-effective solution
for this problem. In relaying operation, path loss and shadowing effects become less dominant so
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the low power communication is possible since the direct path is divided into shorter links
(Laneman, Tse, & Wornell, 2004; Pabst et al., 2004).

The RSs can be fixed or mobile according to the ability to move (Nourizadeh, Nourizadeh, &
Tafazolli, 2006; Taki & Heshmati, 2017; Yanikomeroglu, 2002). Most of the recent works studied on
fixed RSs whose architecture has already been optimised in the standard of 4G long term evolution
(LTE)-Advanced (Hoymann et al., 2012). However, the deployment of the fixed RSs causes high
infrastructure, operational and maintenance costs for the mobile operators. Therefore, mobile
relays whose location changes dynamically have recently attracted interest. Mobile relays are
used in two different scenarios. In the first case, they are mounted on moving vehicles such as
buses or trains and in the second case simple user terminals are used as mobile relays which are
also called as user-relays. User-relaying has an advantage that it can increase the system perfor-
mance without any additional infrastructure cost and it is a serious candidate for the 5G wireless
systems (Chin, Fan & Haines, 2014; Tehrani, Uysal, & Yanikomeroglu, 2014).

The combination of MIMO-OFDMA and user-relaying constructs a multi-user, multi-relay and
multi-antenna network to deliver the promise of the reliable and high-data-rate coverage in the
most cost-effective manner. Once the network has been established, the next task is to develop
suitable relay selection and resource allocation (RA) algorithms to guarantee to meet certain
demands of users and enhance the performance of this complicated network. Relay selection
and RA for user-relay assisted cellular networks have been actively studied in the literature and
optimal or suboptimal solutions are proposed. Most of these works are concentrated on the
classical two-phase frame structure for SISO systems (Han, Himsoon, Siriwongpairat, & Liu, 2009;
Ng & Yu, 2007; Shenghong & Murch, 2013; Shim, Han, & Kim, 2010; Weng & Murch, 2009). In Ng
and Yu (2007), an utility function is defined in cellular networks and in order to make this
function maximum, a joint relay selection, RA and relaying protocol (amplify-and-forward (AF),
decode-and-forward (DF)) selection algorithm is presented. In Weng and Murch (2009), uplink
OFDMA system with two users is considered and an optimal relaying strategy has been
developed. In Ng and Yu (2007) and Weng and Murch (2009), the algorithms are formed
using the assumption that nodes are able to transmit and receive simultaneously on adjacent
subcarriers. In Shenghong and Murch (2013), feasibility analysis of this assumption is studied.
Power minimisation problem has been presented and optimum/suboptimum solutions have
been designed for AF relaying in Han et al. (2009). In Shim et al. (2010), uplink OFDMA-based
wireless network is considered and subcarrier–power allocation algorithms are presented by
taking care of the fairness constraint. In Basturk and Ozbek (2015), the classical two-phase frame
structure is used with multiple antennas and the RA is performed on MISO-OFDMA-based
cellular networks. In Basturk and Ozbek (2016a), a novel three-phase frame structure in which
the users are not allowed to act as a destination and a relay simultaneously is developed since
the assumption in which users are able to transmit and receive at the same time through
adjacent subcarriers may have practical limitations with the current transceiver design. Relay
selection and RA algorithms are presented for the proposed frame structure by using SISO-
OFDMA system model. In Basturk and Ozbek (2016b), the trade-off between the signalling
overhead and relay selection distance threshold is examined by using the same system model
proposed in Basturk and Ozbek (2016a).

To the best of our knowledge, relay selection and RA problem for the OFDMA-based user-relay
assisted cellular networks withmultiple antennas has not been well examined in the literature. Motivated
by the above literature, multiple antenna technology is combined with user-relaying concept and relay
selection and RA algorithms are developed for this MISO-OFDMA-based joint model, since the existed
algorithms presented for classical SISO-OFDMA systems cannot be used directly. The contribution of the
paper and the features of the proposed scheme are summarised as follows:

● Inspired by Basturk and Ozbek (2016a), in this study, the three-phase frame structure is
enriched with multiple antennas to support more users at the same time. In order to reveal
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the benefits of this structure, an algorithm which selects the user-relay candidates and
allocates the subchannels to the users is proposed.

● The proposed scheme has multifold advantages that multiuser diversity can be exploited not
only in the frequency domain, but also in the spatial domain contrary to works (Basturk &
Ozbek, 2016a, 2016b) in which SISO scheme is used. Moreover, users are prevented to act as
a destination and a relay simultaneously contrary to (Basturk & Ozbek, 2015; Ng & Yu, 2007;
Weng & Murch, 2009) since only the satisfied users are assigned as the user-relay candidates.
Thus, it is more practical with the current transceiver design.

The rest of this paper is organised as follows. In Section 2, system model is described. In Section 3,
the proposed relay selection and RA algorithm for user-relay assisted MISO-OFDMA networks which
use three-phase frame structure are presented. In Section 4, performance evaluations are examined
and finally, the conclusions are given in Section 5.

2. System model

A single cell, OFDMA-based downlink network model is utilised in this paper. The network is
enhanced with user-relays as illustrated in Figure 1 so the users (user equipments (UEs)) are given
a chance to communicate to the BS either directly or through a user-relay. We have located a BS in
the middle of the cell that has a radius R, and distributed K users uniformly around it. BS is
equipped with multiple antennas to support more users at the same time and each user and user-
relay are equipped with single antenna because of the size limitation of the devices.

The system performance depends on the number of relay candidates in relay-assisted networks. For
fixed relay networks the number of relay candidates is limited so the relay usability is also limited.
However, this case is not valid for the user-relay assisted networks since the number of relays scales
with the number of users. In these networks, signalling overhead may be a problem when all UEs are
selected as the possible relay candidates (Han et al., 2009; Kim, Lee, Son, Song, & Chong, 2012; Ng & Yu,
2007). In this work, to overcome this problem and to have lower computational complexity relay
candidates are selected using a restricted area which has a radius db (Basturk & Ozbek, 2015, 2016a,
2016b; Papadogiannis, Alexandropoulos, Burr, & Grace, 2012), as shown in Figure 1.

In this study, we will use the proposed frame structure in Basturk and Ozbek (2016a) that splits
downlink allocation frame into three subframes. In this frame structure, only direct communication
between the BS and UEs is allowed through the subframe one. In the second and third subframes, UEs
can get data from the BS directly or over user-relay. Two-hop and half-duplex relaying is considered
for the relayed communication. If a user communicates with the BS via a user-relay, BS sends the data

Figure 1. User-relay assisted MISO-OFDMA network topology.
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of this user to user-relay at subframe two and user-relay forwards the data in the third subframe. The
same subchannels are used at subframe two and three for the links between the BS, relay and relay,
UE. Different subchannels can also be used for this operation but this will cause a trade-off between
the system performance and computational complexity (Dang, Tao, Mu, & Huang, 2010; Weng &
Murch, 2009). We assume that all required channel gains among BS and all UEs, and among UEs and
user-relays are available perfectly at the BS as in the previous user-relay assisted OFDMA systems (e.g.
Han et al., 2009; Ng & Yu, 2007; Shim et al., 2010; Weng & Murch, 2009).

In our system model, there are two different communication link types to be analyzed as MISO
and SISO links. The communication links between the BS and UEs will be MISO links because of the
multiple antennas at the BS and the communication links between the UEs and user-relays will be
SISO links since all the UEs and so user-relays have single transmit and receive antennas. These
links will be examined in detail below.

A-MISO link analysis

In the network model given in Figure 1, NBS
t transmit antennas are mounted on the BS to give

service to multiple UEs simultaneously. In this system model, two schemes can be considered
according to the number of users in the cellular area. The number of users can be smaller or higher
than the number of transmit antennas that latter is more suitable for realistic scenarios. When the
number of users is more than the number of transmit antennas, user selection is required since the
number of maximum supportable users at each time and/or frequency slot cannot be more than
the number of transmit antennas. In this study, we utilise the scenario where K >NBS

t so, we have to

select ψ links which can be smaller or equal to the NBS
t . There will be Δ ¼PNBS

t
ψ¼1KCψ possible

combinations on each subchannel to perform this selection procedure.
Vδ;n ¼ v1; v2; � � � ; vψ

� �
where δ ¼ 1; 2; :::;Δ can be assumed as one of the selected user sets

that contains direct users and/or user-relays who together form a channel matrix HnðVδ;nÞ ¼
½hT

0;v1;n � � �hT
0;vψ;n�T on subchannel n. Any element of this channel matrix, h0;vψ;n is 1� NBS

t channel

vector between the BS and node vψ. Serving to multiple nodes on any subchannel at the same time
gives rise to interference problem which decreases the system performance. To cope with this
problem and provide spatial multiplexing, we have chosen zero-forcing beamforming (ZF-BF)
which is the simple beamforming technique and calculated a ZF-BF matrix on subchannel n by

using the channel matrix as WnðVδ;nÞ ¼ λðHnðVδ;nÞÞH½ðHnðVδ;nÞÞðHnðVδ;nÞÞH��1 where
λ ¼ 1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

tr½ððHnðVδ;nÞÞðHnðVδ;nÞÞHÞ�1�
p . The calculated matrix includes NBS

t � 1 beamforming vectors belong-

ing to each node on subchannel n as WnðVδ;nÞ ¼ ½w0;v1;n � � �w0;vψ ;n�. Finally, by using the channel
and beamforming vectors, the data rate between the BS and any node (user or user-relay) j 2 Vδ;n

on subchannel n are computed as follows:

R0;j;n;δ ¼ B
N
log2ð1þ γ0;j;n;δÞ (1)

where γ0;j;n;δ ¼ P0;j;n;δjh0;j;nw0;j;nj2
N0ðB=NÞ is the signal to noise ratio (SNR) between the BS and receiver node j

on subchannel n. P0;j;n;δ is the transmitted power per subchannel per node, h0;j;n is the channel
coefficient vector between BS and node j that includes pathloss, shadowing and multipath, B is the
available bandwidth and N0 is the noise power density.

B-SISO link analysis

The links between any two users (UE! user-relay) will be SISO links since all the users will have
only one transmit and receive antennas, NUE

t ¼ NUE
r ¼ 1. Thus, only one user pair can be in
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connection for each subchannel. The data rate between any two nodes when relayed communica-
tion is performed can be given as

Ri;j;n ¼ B
N
log2ð1þ γi;j;nÞ (2)

In this equation, γi;j;n ¼ Pi;j;njhi;j;nj2
N0ðB=NÞ is the SNR between a transmitter user i and receiver user j on

subchannel n. Pi;j;n is the transmitted power per subchannel, hi;j;n is the channel coefficient
between two nodes that includes pathloss, shadowing and multipath.

3. The proposed relay selection and RA for three-phase frame structure with
multiple antennas

Solving the relay selection and RA problems optimally is very difficult because of the discrete nature of
subchannel assignment. When it is coupled with quality of service (QoS) requirements, the problem
becomes even harder to solve. In large systems which consider many users, relays, subchannels and
transmitter antennas, it is not practical to search all possible allocation sets. Thus, in this paper, we will
propose a suboptimal relay selection and RA algorithm for user-relay assisted OFDMA-based downlink
multiple antenna networks that utilise three-phase frame structure. The efficiency of the three-phase
frame structure with multiple antennas can be brought into the open by presenting practical relay
selection and RA algorithms. This frame structure prevents users to simultaneously act as a destination
and a relay. It is also practical with current transceiver design, since any user does not have to receive its
own data and to transmit the other users’ data at the same time. A user cannot help other users as
a relay, before fulfilling its own data rate requirements.

The proposed relay selection and RA algorithm will be performed at the BS and it will be examined
in four parts. At the beginning of the algorithm, N1;N2 and N

3 will be defined as subchannels set at
subframes 1, 2 and 3, respectively. In our algorithm, each user will try to reach a target rate value, Rtk
which can be thought as a QoS parameter. The users that arrive to this value will be called as satisfied
users, otherwise they will be called as unsatisfied users. Thus, in the algorithm U and S are the
unsatisfied and satisfied users set, respectively. Rk is also be the total data rate of any user k. It is
assumed that the BS knows the possible user-relay candidates set of each user, Zk . In this set, the
distance between user k and user-relay r, dk;r must be smaller than a predefined boundary distance, db

in order to be a relay candidate. The algorithm is given below in detail.

Algorithm

N
1 ¼ N

2 ¼ N
3 ¼ 1; 2; :::;Nf g; U ¼ 1; 2; :::; Kf g; S ¼ ;f g; Rk ¼ 0; "k 2 U ; Zk ¼ frjdk;r � db;

r ¼ 1; 2; :::; K; k ¼ 1; 2; :::; K; r�kg
Part I

1: Set n ¼ 1 where n 2 N
1.

2: Set Vn ¼ ;, K ¼ U , ψ ¼ 1
3: Compute Rk;n ¼ R0;k;n, "k 2 K , by using Equation (1). Find k� ¼ argmax

k2K
Rk;n.

4: Update the sets as VnðψÞ ¼ k�f g, K  K n k�f g and HnðVnðψÞÞ ¼ h0;k�;n.
5: Calculate subband achievable rate; RðVnðψÞÞ ¼

P
j2VnðψÞ

R0;j;n

6: ψ ¼ ψþ 1. If ψ � NBS
t , add new nodes to n, else go to step 7.

6.1: Use projector matrix to obtain as much as orthogonal nodes to the already
selected ones for n. P?ψ ¼ INBS

t
� �HHð�H�HHÞ�1�H, where �H ¼ HnðVnðψ� 1ÞÞ.

6.2: Select L orthogonal users who has higher values of qk ¼ h0;k;nP?ψh
H
0;k;n, "k 2 K

6.3: Find the best link Ω that has the maximum rate value among these users.
6.4: If RðVnðψ� 1Þ [ Ωf gÞ � RðVnðψ� 1ÞÞ then VnðψÞ ¼ Vnðψ� 1Þ [ Ωf g,
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HnðVnðψÞÞ ¼ ½HnðVnðψ� 1ÞÞT hT
0;Ω;n�T , K  K n Ωf g and go to step 6.

Else, terminate to add new nodes and go to step 7.
7: Update user’s data rate values; Rj ¼ Rj þ Rj;n, "j 2 VnðψÞ where Rj;n ¼ R0;j;n.
8: Decide satisfied and unsatisfied users. If Rj � Rtj then U  Un jf g, S S[ jf g.
9: Set n ¼ nþ 1. If n � N and U�; go to step 2, else terminate Part I.

Part II
1: If U�;, then update Zk , "k 2 U by removing the unsatisfied users from this set.
2: If Zk�;, then select a user-relay, rk ¼ argmax

z2Zk

ðminð�γ0;z;�γz;kÞÞ; "k 2 U .

�γi;j ¼ 1
N

PN
n¼1 γi;j;n is the average SNR value between two nodes.

Part III
1: Set n ¼ 1 where n 2 N

2.
2: Set Vn ¼ ;, K ¼ U , ψ ¼ 1 and φ ¼ 1.
3: Compute Rk;n;"k 2 K and find k0 ¼ argmax

k2K
Rk;n.

Rk;n ¼ maxfR0;k;n;minfR0;rk ;n; Rrk ;k;ngg; rk � ;
R0;k;n; otherwise:

�

4: If k0 is a direct user then VnðψÞ ¼ k0f g, K  K n k0f g and HnðVnðψÞÞ ¼ h0;k0;n.
Elseif, k0 is a relayed user, then VnðψÞ ¼ rk0f g, HnðVnðψÞÞ ¼ h0;rk0 ;n and set
φ ¼ 0, update N

3  N
3nn.

5: RðVnðψÞÞ ¼
P

j2VnðψÞ
R0;j;n

6: ψ ¼ ψþ 1. If ψ � NBS
t , add new nodes to n, else go to step 7.

6.1: P?ψ ¼ INBS
t
� �HHð�H�HHÞ�1�H, where �H ¼ HnðVnðψ� 1ÞÞ.

6.2: Select L orthogonal users who has higher values of qk;"k 2 K .

qk ¼
maxfh0;k;nP?ψh

H
0;k;n;h0;rk ;nP

?
ψh

H
0;rk ;ng; φ ¼ 1 and rk � ;

h0;k;n;P?ψh
H
0;k;n; otherwise:

(

6.3: Compute the data rates for each node, l ¼ 1; 2; ::; L by using Equations (1) and (2) and
find the best link $ that has the maximum rate value.

6.4: If RðVnðψ� 1Þ [ jf gÞ � RðVnðψ� 1ÞÞ, add j, which is equal to $ for direct
and r$ for relayed users, to n. Else terminate to add new nodes and go to 7.

6.4.1: Set VnðψÞ ¼ Vnðψ� 1Þ [ jf g, RðVnðψÞÞ ¼ RðVnðψ� 1Þ [ jf gÞ,
and HnðVnðψÞÞ ¼ ½HnðVnðψ� 1ÞÞT hT

0;j;n�T .
6.4.2: If j is a direct user, K  K n $f g, else φ ¼ 0 and N

3  N
3nn.

Go back to step 6.
7: Update the rate values of each link j 2 VnðψÞ.

If j is a user-relay, kj gets data over j, then Rkj ¼ Rkj þ Rkj ;n where
Rkj ;n ¼ min R0;j;n; Rj;kj ;n

� �
. When Rkj � Rtkj then U  Un kj

� �
, S S[ kj

� �
.

Elseif j is a direct user, then Rj ¼ Rj þ Rj;n where Rj;n ¼ R0;j;n, and when
Rj � Rtj then U  Un jf g, S S[ jf g.

8: Set n ¼ nþ 1. If n � N and U�; go back to 2, else terminate Part III.
Part IV

1: While U�; and N
3�;, apply Part I to allocate remaining subchannels in N

3.

In the first part of the algorithm, RA is performed for subframe 1. In this subframe, only direct
communication is allowed. Each subchannel can be allocated to more than one user in this part. On
subchannel n, first user is selected according to the maximum rate value. The rate values are
calculated by using Equation (1), but notice that index δ is omitted in all parts of the algorithm,
since it refers to specific set of users. After the first user selection, at most NBS

t users can also be
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admitted to this subchannel and ψ is used for the allocation index in the algorithm. The new users
must be as much as orthogonal to the already selected users on subchannel n. Thus, we calculate
a projector matrix, P? and project the new users’ channel vectors onto the orthogonal complement
of the subspace spanned by the channels of the selected ones. Then, L orthogonal users whose
value is found heuristically as min Kj j;NBS

t

� �
are determined and the best user who has maximum

rate value is selected among them. If the data rate on this subchannel after appending new user is
equal or larger than the previous sum rate value, the new user is admitted to this subchannel. After
terminating to allocate new users to subchannel n, rate values are updated. Each user’s rate value is
compared with the target rate value and users are labeled as satisfied or unsatisfied users. This part
is ended when all subchannels are allocated in subframe 1 or all users are satisfied. At the end of
subframe 1, relay selection is performed for unsatisfied users by using the average SNR values of
the first and second hop links in the second part of the algorithm.

When it comes to the third part of the algorithm, unsatisfied users get data directly or with the
help of a satisfied user in this part. RA is performed for subframe 2, but some subchannels belong
to subframe 3 are also reserved for the relaying operation. In our frame model, it is assumed that
the user-relays receive and transmit the data using the same subchannel in two consecutive
subframes. Thus, if a subchannel in subframe 2 is allocated to a relayed user, the same subchannel
in subframe 3 is also reserved for this user because of the two-hop relaying. The subchannel in
subframe 2 will be used for BS! user-relay link and the subchannel in subframe 3 will be used for
user-relay! UE link. In this part, BS can also support multiple nodes on each subchannel as
a direct user and/or user-relay. Only one of the allocated nodes can be a user-relay since the link
between the users is SISO as mentioned before. In Part III, φ parameter is used to let maximum one
user-relay for each subchannel. The node selection procedure is similar to the first part of the
algorithm except the rate calculations of the relayed users. In this part, in steps 3 and 7, the rate
values of the relayed users are calculated as the minimum of the first and second hop links since
the relaying protocol is selected as DF. This part is repeated until all subchannels in subframe 2 are
finished or all users are satisfied. In Part IV, the remaining subchannels in subframe 3 are only
allocated to the direct users as in Part I. In Figure 2, a summary of the proposed algorithm is
illustrated to make it more understandable.

4. Performance evaluations

In this paper, we aim to contribute to MISO-OFDMA-based user-relay assisted cellular networks
which are one of the emerging technologies in the 5G applications. In accordance with this
purpose, simulation results are given in this section to illustrate the benefits of the relay selection
and RA algorithms presented for the proposed three-phase frame structure in user-relay enhanced
downlink MISO-OFDMA wireless networks. We perform our simulations on a single-cell network
whose diameter is R ¼ 750m. A BS is placed in the middle of the cell with NBS

t transmit antennas
and the UEs are randomly distributed in the cellular area. All UEs have single transmit and receive
antennas NUE

t ¼ NUE
r ¼ 1. The UEs’ minimum distance to the BS is set to 35 m. The transmit power

of the BS and the users that act as user-relays are set to 46 and 23 dBm, respectively. The noise
power density is � 134:89 dBm/Hz. The path loss between the BS and the users and between the
user-relays and the users are modelled by Lp ¼ 128:1þ 37:6log10dðkmÞ. The wireless channel is
modelled using typical urban with a velocity of 10 km/h and the shadowing is modelled using
lognormal distribution with μ ¼ 0 and σ ¼ 10dB. The bandwidth and the carrier frequency are
selected as 20 MHz and 2 GHz. The number of subchannels used for the data is N ¼ 100. The total
duration of the proposed three-phase downlink frame is Tframe ¼ 10 ms and the duration of
subframes is selected as T1 ¼ 4 ms, T2 ¼ T3 ¼ 3 ms since these durations give the best perfor-
mance results as explained in Basturk and Ozbek (2016a). The simulation results are obtained for
1000 Monte-Carlo trials.
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Firstly, the proposed scheme is compared with the user-relay assisted classical two-phase frame also
known as generic frame (Basturk & Ozbek, 2015; Ng & Yu, 2007; Weng & Murch, 2009) and non-relaying
schemes for MISO scenario where NBS

t ¼ 4. In the non-relaying scheme, there is no relay in the cellular
area and all users get their data from the BS directly. In generic frame scheme, downlink frame is
partitioned into two equal subframes. In the first subframe, BS transmits data to the direct users and
user relays and in the second subframe, BS goes on sending data to the direct users and user-relays
forwards the received data to the relayed users. For the proposed and generic frame user-relaying
schemes, the users which have deep fades in direct communication because of the pathloss, shadowing
andmultipath effects have an alternativeway to be satisfied users. If they have suitable user-relays in their

neighbourhood, they can communicate with the BS via these user-relays. The boundary distance, d
b
is set

to 100 m to select user-relays. The comparison of the three schemes is performed in terms of the users’
satisfaction percentage and total data rate of the system. In order tomeasure the satisfaction of the users,
the results are obtained for two different target data rate values as 168 and 336 kbps in Figure 3. The
users’ satisfaction percentage is increased compared to non-relaying scheme not only for low target data
rate values but also for higher target data rate values by using the user-relaying schemes. The proposed
scheme not only has slightly better user satisfaction performance compared to generic frame scheme but
also it eliminates the drawbacks of generic frame scheme for user-relay assisted networks in which a user
acts as a destination and a relay simultaneously. In order to comment on the overall system performance,
we also give the sum data rate of the users in Figure 4(a, b) for 168 and 336 kbps, respectively. Again, the
proposed scheme is slightly higher sum data rate than generic frame scheme and they both outperform
the non-relaying scheme. The simulation results for the proposed scheme show an increase on the sum
capacity of non-relaying scheme ranging from 4% to 7% for Rtk ¼ 168 kbps; "k and 2% to 3% for
Rtk ¼ 336 kbps; "k depending on the number of users.

Secondly, the proposed MISO-OFDMA model is compared with the SISO-OFDMA model pre-
sented in Basturk and Ozbek (2016a). Different numbers of BS transmit antenna configurations are

Figure 2. Visual representation of the proposed algorithm (K ¼ 6;NBS
t ¼ 3).
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used to get an idea about the effect of the multiple antennas. The results are obtained for two
different target data rate values again. In Figure 5(a, b), the satisfaction percentages are given for
168 and 336 kbps, respectively. From these figures, it is clearly seen that the increment of the
transmit antenna numbers in the BS has a positive effect on the satisfied users’ percentage for both
target rate values. In Table 1, the gain of the MISO-OFDMA system over SISO-OFDMA system in
terms of satisfied users’ percentage is tabulated for K ¼ 60 users. This table also gives us
a perspective about the advantage of the multiple antennas in the user-relay assisted networks.
The users’ satisfaction percentage reaches the maximum gain at NBS

t ¼ 4 antennas case. Moreover,
in Figure 6, the sum data rates of the proposed scheme are illustrated for two different target data
rates. Sum data rate values are also increased by increasing the number of transmit antennas at the
BS for both target data rate values. This result is also tabulated for K ¼ 60 users in Table 2 and the
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Figure 4. Sum data rate of users for MISO-OFDMA.
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Figure 3. Users’ satisfaction percentage for MISO-OFDMA.
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Figure 5. Users’ satisfaction percentage for MISO-OFDMA vs SISO-OFDMA.

Table 1. MISO-OFDMA gain over SISO-OFDMA for users’ satisfaction percentage.

NBS
t

2 3 4

Rtk;"k 168kbps 3:6% 9:56% 13:1%
336kbps 2:75% 8:85% 13:9%
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Figure 6. Sum data rate of users-MISO-OFDMA vs. SISO-OFDMA.

Table 2. Sum data rate gain of MISO-OFDMA over SISO-OFDMA.

NBS
t

2 3 4

Rtk;"k 168kbps 11:6% 17:74% 21%
336kbps 3:5% 8:4% 16%
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data rate increment of multiple antenna system over single antenna system is given as
a percentage. Higher NBS

t values provided higher sum data rates.
Finally, the computational complexity of the proposed scheme is obtained by measuring the

average execution time of the algorithm for different number of users and different number of
antennas. Average execution time measurement is one of the valuable performance metrics that is
mostly used to compare the complexity of the algorithms in a simulation environment (Patterson &
Hennessy, 2013). The proposed scheme is compared with the generic frame and non-relaying
schemes in Table 3 in terms of computational complexity for different number of users. The results
are obtained by using MATLAB R2017b on a PC with Core i7� 4770 processor operating with
a clock 3.4 GHz. As expected, non-relaying scheme has the lowest computational complexity. The
computational complexity of the proposed and generic frame schemes is almost the same and the
computational complexity is increasing for all schemes for higher number of users. The measured
average execution time of an algorithm may change, if the algorithm is implemented on a real-
time system. However, this case is valid for all schemes. Thus, the obtained results by using average
execution time in the simulation environment provide meaningful information about the system
complexity. The comparison is also fair, since all the algorithms are compared on the same
conditions. We have also examined the computational complexity of the proposed scheme for
varying BS transmit antenna numbers in Table 4. It is observed that the average execution time of
the proposed scheme is increasing slightly with the increment of the BS transmit antennas.

5. Conclusions

In this paper, multiple antenna technology has been applied to the novel three-phase frame
structure presented for user-relay assisted OFDMA-based cellular networks. This scheme is more
applicable to practical systems since it prevents users to be UE and user-relays at the same time. In
order to exhibit the benefits of this new MISO-OFDMA system model, we have proposed resource
management algorithms as relay selection and RA. It is shown that the users’ satisfaction percen-
tage and total system data rate are increased with the proposed scheme compared to non-relaying
scheme by using simulation results. Moreover, it is revealed that the proposed scheme has slightly
better performance than the generic frame scheme while it avoids users’ to act as a destination and
a relay simultaneously.

Disclosure statement

No potential conflict of interest was reported by the authors.

Table 3. Average execution time (s) under different number of users, NBS
t ¼ 4.

Number of users Proposed scheme Generic frame scheme Non-relaying scheme

20 2.27 2.27 1.36
40 3.97 4.01 2.01
60 5.17 5.15 2.85
80 6.30 6.25 3.63
100 7.89 7.83 4.45

Table 4. Average execution time (s) under different number of
BS transmit antennas, K ¼ 60.

Number of BS transmit antennas Proposed scheme

2 4:28
3 4:53
4 5:17
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