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Orthogonal  frequency  division  multiple  access  (OFDMA)  based  relay  assisted  networks  are important
for  current  and  next-generation  wireless  networks  since  they  have  great  potential  to provide  high  data
rate  to users  at anywhere,  anytime.  Towards  that end,  fixed  relay  assisted  OFDMA  networks  are  com-
monly  utilized  by  the  operators.  However,  they  require  supplementary  costly  infrastructure.  User-relay
assisted  OFDMA-based  networks  are  promising  candidates  to fulfill  the  demanding  coverage  and  capac-
ity  requirements  of future  wireless  networks  in a cost  efficient  way.  Thus,  they  have become  popular
as  a complementary  solution  to fixed  relay  networks.  Generic  frame  structure  that  divides  the  resource
allocation  frame  into  two  subframes  is mostly  used  in the  literature  for  fixed  and  user-relay  assisted
networks  in  which  it is assumed  that a user  can act as a destination  and a relay  simultaneously.  However,

it  may  be difficult  to apply  this  assumption  to  practical  systems  because  of  the  limitations  of  the current
transceiver  design.  Thus,  we  propose  a  novel  frame  structure  for  user-relay  assisted  OFDMA-based  wire-
less  networks  in  order  to cope  with  these  drawbacks.  The  efficient  radio  resource  management  algorithms
including  relay  selection  and  resource  allocation  are  developed  in  order  to exploit  the opportunities  of
the proposed  frame  structure.

©  2016  Elsevier  GmbH.  All  rights  reserved.
. Introduction

One of the expectations for the next-generation wireless com-
unication networks is to provide ubiquitous high data rate

overage. OFDMA is one of the key technologies to achieve this
bjective due to its inherent robustness against frequency-selective
ading and its capacity for achieving high spectral efficiency [1].
onventional cellular networks are limited in their coverage and
apacity. One of the solutions is to deploy more base stations (BSs)
n order to overcome these limitations. However, this solution is not
ost efficient for the service providers. An alternative cost efficient
olution is the usage of a relay station (RS) as a third type of sta-
ions in a cellular network to construct a relay network consisting
f BSs, RSs and Mobile Stations (MSs). The combination of OFDMA
nd relaying is one of the key technologies to deliver the promise of
he reliable and high-data-rate coverage in the most cost effective
anner.
Relaying strategies are mainly studied for two different pur-

oses in wireless communication systems. One of them is called

∗ Corresponding author.
E-mail addresses: ilhan.basturk@adu.edu.tr (İ. Baş türk), bernaozbek@iyte.edu.tr

B. Özbek).
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434-8411/© 2016 Elsevier GmbH. All rights reserved.
cooperative diversity relaying mitigating signal power fluctuation
due to multipath fading [2–6], and the other is called multi-hop
relaying mitigating signal attenuation due to path-loss [7–10].

Relay assisted network architectures can be classified as fixed
relay networks and mobile relay networks according to the move-
ment of the relays [8–13]. In fixed relay networks, the relay stations
are part of the network infrastructure, therefore their deploy-
ment will be an integral part of the network planning, design and
deployment process. Fixed relay networks have been extensively
studied in the literature and have already been included in the 4G
Long Term Evolution (LTE)-Advanced standard [14]. In mobile relay
networks, relay stations are not part of the fixed wireless infrastruc-
ture and their locations are not deterministic. The usage of mobile
relay networks extends the coverage and increases the through-
put [10,15,16]. Different types of mobile relays can be addressed
as dedicated mobile relays that are mounted on moving vehicles
and user terminals acting as mobile relays which are also called
as user-relays. User-relaying is foreseen as one of the emerging
technologies that will change and define the fifth generation (5G)
telecommunication standard [17,18]. As the number of fixed RSs

in a network is limited, the relay usability in the network is also
limited. User-relays have more degrees of freedom compared to
fixed RSs since the number of user-relays scales with the number
of mobile users. The lower deployment cost is the main advantage

dx.doi.org/10.1016/j.aeue.2016.01.021
http://www.sciencedirect.com/science/journal/14348411
http://www.elsevier.com/locate/aeue
http://crossmark.crossref.org/dialog/?doi=10.1016/j.aeue.2016.01.021&domain=pdf
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If all the available users are utilized as user-relay candidates as in
[10,32,34,39–43] this will cause maximum signalling overhead. The
number of relay candidates, and thus signalling, can be significantly
reduced by selecting the user-relays in a limited area around each
44 İ. Baş türk, B. Özbek / Int. J. Electro

f the user-relays since it is not required to add any costly infra-
tructure for relaying. Users’ density which is a critical parameter
or the relaying opportunity and the battery life are the challenges
f user-relay assisted networks.

In order to fully realize the capacity and coverage benefits
n relay assisted networks, efficient radio resource management
RRM) including relay selection and resource allocation (RA) is
ritical. The problem formulation may  differ significantly in opti-
ization objectives (rate maximization, power minimization),

ptimization constraints (fairness, load balancing), relaying proto-
ols (amplify and forward (AF), decode and forward (DF)), relaying
odes (full-duplex, half-duplex), relay types (fixed, mobile),

ntenna numbers of the source, destination and relay (single
ntenna/multiple antennas) and system architectures (down-
ink/uplink, single-cell/multi-cell). The RRM problem has been
xamined in numerous research works for OFDMA-based fixed
elay networks [19–29]. The opportunities and challenges of the
FDMA-based fixed relay networks have been discussed in detail

n [19,20]. In [21], RRM problem for sum rate maximization has
een examined for single-cell OFDMA system. The problem has
een solved optimally by using a continuous relaxation, since the
roblem belonging to the class of integer programming is very
ifficult to solve easily in direct forms. In [22], a low complexity
euristic solution has been presented for the same RRM problem.
he fairness issue has been considered in [23–25] contrary to given
tudies earlier and heuristic RRM algorithms have been presented.
n [26,27], the joint relay selection and RA problem have been inves-
igated for the uplink single-cell OFDMA-based system. In [28,29],
he RRM problem has been adapted for the multi-cell scenario.

oreover, multiple antennas are deployed at sources, relays, and
estinations in [30,31] to increase the system capacity. Efficient
elay and antenna selection algorithms are developed in this multi-
elay and multi-antenna environment to fully exploit the benefits
f the combination of fixed-relaying and multiple antennas tech-
ology. The works in [32–38] have examined the RRM problem for
FDMA-based mobile relay networks in which users act as relays.

n [32], the RA strategy in OFDMA systems using an AF scheme
as been considered, the optimal and suboptimal solutions for the
ower minimization have been presented. The fairness issue has
een taken into consideration with subcarrier and power allocation
chemes for uplink OFDMA in [33]. In [34], the joint optimiza-
ion of relay selection, relay-strategy selection as AF or DF and RA
ave been considered to maximize an utility function for cellular
etworks. In [35], an optimal cooperation strategy has been devel-
ped for two-user uplink OFDMA systems, which have achieved
he capacity region upper bound for DF scheme. In [34,35], it has
een assumed that nodes are able to transmit and receive simulta-
eously on adjacent subcarriers. The feasibility of this assumption
as been examined in [36] and a performance degradation has
een observed since the orthogonality between different subcar-
iers is lost in practical communication systems. In [37,38], we
ave proposed suboptimal practical RRM solutions for the user-
elay assisted OFDMA networks. In [37], heterogeneous networks
hich contain both macro BSs and access points have been com-

ined with the mobile relaying technology and the efficient relay
election and the network interface selection have been presented
or such a complex environment. In [38], a joint relay selection
nd RA algorithm has been examined by considering the queue
nformation for each user. All these studies for fixed and mobile
elay networks use a generic frame structure in which the downlink
rame is partitioned into two consecutive subframes.

In this paper, we focus on the user-relay assisted OFDMA

etworks since relaying through users’ terminal provides more
exibility to the cellular network by increasing the number of
elay candidates and reducing the infrastructure cost. While fixed
erminal relaying brings improvements in cellular systems, the
mun. (AEÜ) 70 (2016) 643–651

implementation of user relaying will bring a huge gain to 5G based
wireless networks employing different scenarios [17]. One of the
scenarios examined in 5G based systems is device relaying with
operator controlled link establishment corresponding to the frame-
work which is considered in this paper. We  propose a novel frame
structure with effective relay selection and resource allocation for
user-relay assisted OFDMA-based wireless networks. The contri-
bution and features of the proposed scheme are summarized as
follows:

• While keeping the same transmission time, we propose to divide
the whole frame duration into three subframes instead of two
subframes in order to classify the users as satisfied and unsatisfied
users after an initial direct transmission session.

• The satisfied users are given permission to act as a relay and they
are assigned as the user-relay candidates of the unsatisfied users.

• The users are not allowed to act as a destination and a relay simul-
taneously contrary to [34,35]. This assumption in which users
are able to transmit and receive at the same time through adja-
cent subcarriers may  have practical limitations with the current
transceiver design [36].

The rest of this paper is organized as follows. In Section 2, we
give the system model and assumptions. In Section 3, we examine
the RRM strategy for user-relay assisted OFDMA networks with the
proposed frame structure. The extensive performance evaluations
are provided in Section 4. Finally, the conclusion is given in Section
5.

2. System model

We  consider a single-cell downlink user relay-assisted OFDMA-
based network topology as illustrated in Fig. 1. The BS is located
in the center of the cell and K users are distributed uniformly in
the cell. The BS and each of the user which will be called as User
Equipment (UE) in the rest of the paper have single antenna. The
UEs can communicate to the BS either directly or through a user-
relay.

The achievable performance and the required signalling of an
relay selection scheme depend on the number of relay candidates.
Fig. 1. User-relay assisted OFDMA network topology.
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ser [37,38,44,45]. Thus, in this study, the users’ relay candidates
re selected by using the area whose radius is dth as shown in Fig. 1.

The DF relaying, half-duplex mode, and two-hop relaying are
onsidered in this work. The total available bandwidth, B, is divided
nto N subchannels and each subchannel consists of a set of adjacent
rthogonal Frequency Division Multiplexing (OFDM) subcarriers.
he achievable data rate between two nodes is calculated for each
ubchannel as,

i→j,n = B

N
log2(1 + �i→j,n) (1)

here �i→j,n = Pi,n|Hi→j,n|2
N0(B/N) is the Signal to Noise Ratio (SNR) between

 transmitter node i and receiver node j on subchannel n. Pi,n is the
ransmitted power per subchannel for node i. Hi →j,n is the chan-
el coefficient between node i and node j that includes path-loss,
hadowing and fading. N0 is the noise spectral density. The total
ransmission power is equally shared among all subchannels.

We assume that all required channel gains among BS and all
Es, and among UEs and user-relays are available perfectly at the
S where RA algorithms are performed as in user-relay assisted
FDMA systems [32–38] as well as fixed-relay assisted OFDMA

ystems [19–29]. The communication links between BS and user-
elays and user-relays and UEs use the same subchannel at different
ime slots as in [32,37,38]. The relaying operation can also be
erformed by using different frequency bands [35,46], but com-
utational complexity of the optimization increases considerably.
ach user has its own threshold data rate, Rth

k
, and the user which

eaches its threshold data rate is called as satisfied user and the user
hat does not reach this rate is called as unsatisfied user as seen in
ig. 1.

. The proposed frame structure and RRM for user-relay
ssisted networks

In this paper, we propose a novel frame structure that divides the
ownlink allocation frame into three subframes while keeping the
ame transmission duration as shown in Fig. 2. Our main motivation
s to prevent the users to simultaneously act as a destination and a
elay contrary to generic frame structure. The proposed scheme is
ore practical with current transceiver design, since any user does

ot have to receive its own data and to transmit the other users’
ata at the same time. A user has to meet its data rate requirement
o be a relay candidate for other users.

In the first subframe with duration T11, only direct communica-
ion between BS and UEs (all users) is allowed and this is indicated
s BS → UE. In the second subframe with duration T12, BS sends data
o UEs (unsatisfied users) and RSs (satisfied users) which are indi-

ated as BS → UE and BS → RS, respectively. In the third subframe
ith duration T13, UEs (unsatisfied users) receive information from
Ss (satisfied users) and BS as labeled by BS → UE and RS → UE.
ach subframe can contain more than one time slot according to

Fig. 2. The proposed frame structure.
mun. (AEÜ) 70 (2016) 643–651 645

the subframe durations. Therefore, the number of resources allo-
cated to the users are related to these durations. Higher subframe
durations lead to higher number of OFDM symbols.

Efficient RRM algorithms are required to reveal the advantages
of the proposed frame structure. The relay selection and RA are
performed at the BS in the proposed model. At the beginning of
an allocation frame, the BS has the related information belonging
to each user about the possible user-relay candidates set which is
constructed as follows:

Mk = {r|dk→r ≤ dth; r = 1, 2, . . .,  K, r /= k}, k = 1, 2, . . .,  K (2)

where dk →r is the distance between user k and user-relay candi-
date r. The UEs can have the knowledge of their distance to the
BS and to the other users, via the use of global positioning system
[45,47].

The RA is performed for all UEs by allowing only direct links
through the duration T11 at subframe 1. At the end of the RA for
subframe 1, the users are classified as satisfied and unsatisfied.
After this subframe, since the satisfied users will be in inactive
mode, these users are assigned as the user-relay candidates for the
unsatisfied users.

The relay selection and RA for the proposed frame structure is
described in the following:

In the first step of the proposed Algorithm A1,  the RA is per-
formed for the subframe 1 in which the users communicate to BS
directly. Each subchannel is allocated to the user that has the maxi-
mum  achievable rate. The users admit subchannels until they fulfill
their own data rate requirements. The total data rate of a user k is
defined as Rk which is the sum of the achievable data rates of each

subchannel allocated to this user. Thus, the number of subchannels
allocated to each user effects the value of its total data rate. This
step is terminated when all subchannels are allocated or unsatis-
fied users’ set is empty. If the set of unsatisfied users is not empty,
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he second step of the algorithm is performed. In this step, the
ser-relay candidates sets, Mk which are determined at the begin-
ing of this frame are updated. The unsatisfied users are removed

rom these sets, since only satisfied users can be assigned as user-
elays. Then, the user-relay of any unsatisfied user is selected
hrough its updated user-relay candidate set by using the average
NR values of the first and second hop links. Therefore, the unsat-
sfied users can communicate with BS not only directly but also
hrough a user-relay.

The RA is performed by the BS for the second and third sub-
rames as in Algorithm A2 given below.

The Algorithm A2 is a two step RA algorithm. In the first step,
he subchannels are allocated to the users which communicate
o the BS directly and to the relayed users which communicate
o the BS through a user-relay. In the second step, the subchan-
els are only allocated to the users that communicate to the BS
irectly. In the algorithm, the user-relays receive and transmit the
ata using the same subchannel in two consecutive subframes.

f a subchannel is allocated to a relayed user in A2-Step 1, the
ame subchannel will also be reserved for the same user in A2-
tep 2. These subchannels are not used in A2-Step 2. The algorithm
s terminated, when all users are satisfied or all subchannels are
xhausted.

We  illustrate the steps of the algorithm for the proposed frame
tructure in Fig. 3. We  have 4 users labelled as UE1, UE2, UE3
nd UE4. In the first subframe, the subchannels are allocated to
he direct users by using A1-Step1. At the end of this subframe,
he users are classified as satisfied and unsatisfied users according
o their data rate requirements. We  propose to use the satisfied

sers as the user-relay candidates of the unsatisfied users. Thus,
he relay selection procedure A1-Step2 is performed and the relay
andidates of the unsatisfied users are determined. In the exam-
le described in Fig. 3, UE1 and UE2 are the satisfied and UE3 and
Fig. 3. Illustration of the RRM algorithms for the proposed frame structure.

UE4 are the unsatisfied users, respectively. Using the A1-Step2, it
is determined that UE1 is the relay candidate of UE4, and UE2
is the relay candidate of UE3. In A2-Step1, the subchannel 1 and
subchannel 3 in subframe 2 are allocated to the UE3 and UE4 for
direct communication, respectively. The subchannel 2 and sub-
channel N in subframe 2 are allocated to the user-relays UE1r
(UE1 acts as user-relay of UE4) and UE2r (UE2 acts as user-relay
of UE3), respectively. In this step, we consider not only the first
hop link between BS and user-relay but also the second hop link
between user-relay and user for the data rate calculation of the
relayed users. The data rates of the UE3 and UE4 with the help of
relay is calculated as RBS →UE2r →UE3,n = min  {RBS →UE2r,n, RUE2r →UE3,n}
and RBS →UE1r →UE4,n = min  {RBS →UE1r,n, RUE1r →UE4,n}. The user-relays
(UE1r and UE2r) receive and transmit the data using the same sub-
channel in two consecutive subframes (subframe 2 and subframe
3) as mentioned above. Thus, the subchannels 2 and N in subframe
3 are reserved for the communication between UE1r → UE4 and
UE2r → UE3, respectively. Finally, in A2-Step2, the remaining sub-
channels in subframe 3 (the subchannel 1 and subchannel 3 that are
not reserved for relaying) are allocated to the unsatisfied users for
direct communication. Thus, the subchannel 1 and the subchannel
3 are allocated to the UE3 and UE4, respectively.

As mentioned before, each subframe can have more than one
time slot depending on the subframe duration. In the RA algorithms,
the time slot index is omitted since the procedure is the same for
all time slots in one subframe at each step.
4. Performance evaluations

The performance evaluation of the proposed frame structure
with efficient RRM algorithms are presented for user-relay assisted
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Table  1
Simulation parameters.

Parameter Value

Frequency 2 GHz
Bandwidth 20 MHz
Thermal noise density −134.89 dBm/Hz
BS Tx power 46 dBm
Fixed relay Tx power 37 dBm
User-relay Tx power 23 dBm
Cell radius (R) 750 m
UE min. close-in distance to BS 35 m
Frame duration (Tframe) 10 ms
Path-loss model BS → UE, BS → RS and RS → UE

128.1 + 37.6 log 10d(km)
Shadowing model Lognormal distribution,

� = 0, � = 10dB
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Multipath model Extended Pedestrian A (EPA)

FDMA networks. We  obtain the simulation results by using the
arameters summarized in Table 1. We  consider a single cell
etwork topology with a BS located in the center and surrounded
y uniformly distributed UEs as seen in Fig. 4. In the simulations,
ot only the BS but also the UEs have single transmit antenna.
imulation results are performed for 1000 Monte-Carlo trials.

We compare four different OFDMA-based schemes in terms of
ercentage of satisfied users in order to reveal the advantages of
he proposed frame structure in user-relay assisted networks. In
he first scheme that is called w/o relay, there is no relay in the sys-
em and all users communicate to the BS directly during the whole
ransmission frame. In other words, with duration Tframe, only direct
ommunication between BS and UEs (BS → UE) is allowed. In this
cheme, the RA is performed at BS by using a greedy algorithm
hat assigns the available resources to the users sequentially based
n their channel gains until their threshold data rates are satisfied.
irstly, each subchannel is allocated to the link with the user having
aximum channel gain. Then, the total data rate of the selected user

s calculated and compared with the threshold data rate in order

o determine if it is satisfied or not. The satisfied user is removed
rom the unallocated user set and the other subchannels are allo-
ated to the remaining users until they are all satisfied or all the
ubchannels are exhausted.
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Fig. 4. User-relay assisted network topology.
Fig. 5. Generic frame structure.

In the second and third schemes, generic frame structure that
includes two  consecutive subframes as illustrated in Fig. 5 is used
for user-relay and fixed relay assisted networks, respectively. The
subframe durations T21 and T22 are selected equal in this study.
In the first subframe called BS subframe, BS transmits data to UEs
(all users) and RSs (fixed or user-relays). In the second subframe
called RS subframe, UEs (all users) receive data from BS and RSs
(fixed or user relays). In this frame structure, the relay selection is
performed at the BS by using path-loss of the first (between BS
to candidate relay) and the second (between candidate relay to
relayed user) hops. Firstly, the maximum path-loss value between
the first and second hop link is determined for each user. Then, the
candidate relay which has minimum value among them is selected
as explained in [48]. The available resources are sequentially allo-
cated to the users based on their channel gains in order to satisfy all
users’ data rate requirements. A subchannel is allocated to a user
that has the maximum end to end link gain which is the direct link
gain between the BS and the users for the direct communication
and the minimum of the first and the second hop links’ gain for the
relayed users.

In the third scheme in which fixed relays are used, we  locate
6 fixed relays at equal angles and equal distance to the BS as illus-

trated in Fig. 6. The distance of each fixed relay from the BS is chosen
as (2R/3) where R is the radius of the cell. The BS → RS links have log-
normal shadowing with � = 4 dB and these links experience Rician
fading with a Rician factor of 10 dB.

Fig. 6. Fixed-relay assisted network topology.
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Finally, in the fourth scheme, the proposed frame structure
hich have three subframes with duration T11, T12 and T13 as

xplained in Section 3 is used for user-relay assisted networks.
irstly, the durations of these subframes are determined before
omparing the proposed frame structure with the other schemes.
n this paper, we assume that the second and third subframe dura-
ion are equal as in the generic frame structure in order to decrease
he complexity of the system. Thus, there are four options for the
uration of subframe 1, T11 as 2 ms,  4 ms,  6 ms  or 8 ms  since the
otal frame duration, Tframe is chosen as 10 ms  for RA. The per-
entage of the satisfied users are obtained for various T11 values.
he simulation results are obtained for not only low but also high
hreshold data rate values as shown in Figs. 7 and 8, respectively. It
s observed that the selection of T11 as 4 ms  gives the best perfor-
ance on the percentage of satisfied users. Moreover, the number
f user-relay candidates belonging to different subframe durations
re obtained for low and high data rate threshold values of users in

ig. 8. Effect of the duration of subframes on the percentage of satisfied users for
th
k

= 336 kbps.
Fig. 9. Number of user-relay candidates for Rth
k

= 168 kbps.

Figs. 9 and 10, respectively. It is illustrated that longer duration of
first subframe increases the number of user-relay candidates. How-
ever, the advantage of having more user-relays is not reflected on
the percentage of satisfied users since there is not enough avail-
able subchannels at remaining subframes with duration of T12 and
T13. Higher duration of T11 not only means lower duration of T12
and T13 but also means lower number of resources in these sub-
frames. The users which require the help of the user-relays can
not get enough data rate because of the insufficient resources
of these subframes and they will not satisfy their threshold data
rates. Consequently, the duration of subframes is selected as
T11 = 4 ms  and T12 = T13 = 3 ms  while providing further performance
results.

We provide the simulation results considering relay selection
coverage area radius dth, and users’ threshold data rate values Rth

k

to observe the effects of these parameters on the performance of
these four schemes. Firstly, the relay selection coverage area radius
dth is set to 100 m and 200 m,  respectively. The comparison of the
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Fig. 11. Comparison of satisfied users’ percentage for different dth values.
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chemes in terms of percentage of satisfied users for Rth
k

= 168 kbps
s given in Fig. 11. As it is illustrated, the proposed frame scheme
utperforms the non-relaying and fixed relays with generic frame
chemes for both radius values. The proposed scheme also gives
lightly better performance than the user-relaying scheme with
eneric frame. In addition to that, the performance on the percent-
ge of satisfied users is improved by increasing the dth value from
00m to 200m for all schemes. However, increasing relay selection
overage area radius not only improve the performance on user sat-
sfaction ratio but also increase the signalling overhead. In Fig. 12,
he average number of user-relays that remain in the relay selec-
ion coverage area is shown to comment on the signalling overhead
hich depends on the number of relay candidates. In this figure,
he number of relay candidates are changing between 1 and 3 for
th = 100 m and 2 to 11 for dth = 200 m depending on the number of
sers.
Fig. 13. Percentage of satisfied users for Rth
k

= 168 kbps.

Furthermore, we obtain the comparison results for different
threshold data rates of users in order to evaluate the robustness
of the proposed frame structure. Figs. 13 and 14 illustrate the per-
centage of the satisfied users as a function of the number of users
in the cell for Rth

k
= 168 kbps and Rth

k
= 336 kbps, respectively. The

relay selection coverage area radius is set to 100 m in order to
decrease the signalling overhead which is especially important
for the user-relay assisted networks. The proposed frame struc-
ture provides better performance than non-relaying and fixed relay
with generic frame schemes for both threshold values. Further-
more, the percentage of satisfied users is enhanced slightly by the
proposed frame compared to the generic frame for user-relaying.
The proposed scheme eliminates the drawbacks of generic frame

structure for user-relay assisted OFDMA networks in which a user
acts as a destination and a relay simultaneously, while slightly
increasing the percentage of satisfied users. When the number of



650 İ. Baş türk, B. Özbek / Int. J. Electron. Commun. (AEÜ) 70 (2016) 643–651

20 30 40 50 60 70 80 90 100
55

60

65

70

Total number of users

P
er

ce
nt

ag
e 

of
 s

at
is

fie
d 

us
er

s 
(%

)

R=750m, R
k
th=336kbps ∀k, dth=100m

Proposed Frame−User relay assisted 

Generic Frame−User relay assisted

Generic Frame−Fixed relay assisted

w/o relay

u
n
r
t
f
f
F
s
s
s
f

c
t
e
o
s
n
t
f

Table 2
Average execution time (s) for K = 100.

Number
of users

Proposed
frame user

Generic
frame user

Generic
frame fixed

w/o relay

In this paper, the subframes duration of the proposed frame
Fig. 14. Percentage of satisfied users for Rth
k

= 336 kbps.

sers increases in the cell, the user-relay assisted OFDMA-based
etworks give much higher performance gain compared to fixed
elaying based OFDMA-based networks. The reason is that when
he number of users increase in the cell, there will be more choices
or user-relay candidates to optimize the system performance. The
our schemes are compared in terms of sum rate of the users in
ig. 15 to evaluate the whole system performance. The proposed
cheme outperforms the w/o relay and the fixed-relay assisted
chemes with generic frame and also it increases the overall rate
lightly compared to the user-relay assisted scheme with generic
rame.

Finally, the computational complexity of the four schemes are
ompared by measuring the execution time required by each of
hem. Table 2 represents the average execution time needed by
ach scheme for K = 100 users. The results given in Table 2 is
btained by using MATLAB R2011b on a PC with Core 2 Duo proces-
or operating with a clock 3 GHz. As expected, the scheme that use

o relays has the lowest computational complexity. The computa-
ional complexity of the fixed relay assisted scheme with generic
rame is also lower than the computational complexity of the
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Fig. 15. Sum rate performan
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100 6.15 6.14 5.25 4.45

user-relay assisted schemes with both generic and proposed frame.
The proposed and generic frame structure for user-relay assisted
schemes have almost the same computational complexity.

5. Conclusions

In this paper, we  have proposed a novel relaying frame struc-
ture and developed efficient RRM algorithms for user-relay assisted
OFDMA-based wireless networks. The proposed frame structure
has three phases and the user can act as a relay if it fullfills its data
rate requirements. In most of the works which use generic frame
structure for user-relays assume that the users not only receive
their own  data from the BS but also transmit the other users’ data
simultaneously. However, this assumption may  have practical lim-
itations with the current transceiver design therefore the proposed
scheme may  be much more suitable for practical implementation.
The performance evaluations of the proposed frame structure with
user-relays have been compared with the existing non-relaying
scheme and generic frame with user-relays and fixed relays in
terms of percentage of satisfied users. The performance results
indicate that the proposed scheme outperforms the non-relaying
scheme and fixed relaying with generic frame and it also slightly
improves the performance of user-relaying with the generic frame
while avoiding to receive and transmit data by users simulta-
neously without increasing computational complexity. Moreover,
the simulation results reveal that the user-relay assisted networks
increase the users’ satisfaction ratio without the need of fixed relay
stations which is expensive and cost inefficient to plan, optimize
and maintenance. This gain is more prominent for higher number
of users since the number of relays scales with the number of users
in user-relay assisted networks.
structure is determined in a heuristic manner. However, this is an
optimization problem and as a future work, the subframes duration
of the proposed frame will be determined optimally.

0 80 100
of Users
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ssisted
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