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Abstract:- This study considers the resource allocation problem in relay networks for downlink transmission
where base station (BS) communicates with multiple mobile stations (MSs) via relay stations (RSs) operating
in either half-duplex (HD) or full-duplex (FD) mode. Relay gain factors for Amplify and Forward (AF)
protocol are studied and a new one called adaptive AF (AAF) relaying is proposed. The AAF scheme attempts
to equalize the signal-to-noise ratio (SNR) across subcarriers, thus providing increased throughputs and
proportional fairness in resource distribution. Simulation results of comparative analysis of the AAF relaying
scheme and the two basic relaying protocols namely AF and Decode and Forward (DF) are presented in terms
of average system throughput, fairness and percentage of call outage under maximum-sum rate (MSR) resource
allocation technique. The results show that the AAF scheme achieves superior performances compared to the
other ones.
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1 Introduction benefits of different relaying protocols and
As the radio spectrum increasingly becomes duplexi_ng schemes to fuI_fiII heterogeneous quality-
competitive new technologies must be developed to of-service (QoS) requirements. However, the
increase the spectral efficiency of wireless algorithm only enables dynamic selection between
networks. Different strategies are required to enjoy AF and DF relaying. In [6] and references therein,
the benefit of multiple-input-multiple-output coherent gain allocation schemes that achieve a
(MIMO) transmission in a scenario where multiple distributed spatial multiplexing gain are discussed.
antennas are not deployable at the terminal. One of The authors concluded that one approach to allow
such fast and economic strategies is the deployment _multlple users to access the_channel simultaneously
of advanced wireless relays. Relaying strategies is to compute the relay gain factors such that the
such as decode-and-forward (DF), amplify-and- source/destination  streams  are  completely
forward (AF), coded-cooperation (CC), and orthogonalized in space (multiuser zero-forcing
compress-and-forward (CF) have been investigated (MUZF) relaying). The relay station parameters
for cooperative communications  [1],[2],[3]. pIa_y a major_role in the resource aIIocatlon_t(_) _the
Comparison between DF and AF relaying schemes active users in the orthogonal frequency division
with long-term evolution (LTE) parameters is multiplexing (OFDM) relaying system [7]. The
performed in [4]. Results show that spectral relay gain factor in the AF relay is an important
efficiency for DF outperforms AF when many relay station parameter. Different AF relay gain
relays are active at the same time. The authors in factors have been proposed in [1], [8], [11], [12]. In
[5] proposed a distributed resource allocation these AF schemes, the amplification of the signal is
algorithm, which enables the exploitation of the indirectly proportional to the channel gains. In
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other words, the lower the channel gains the higher
the amplified signal. However, the optimal signal-
to-noise ratio (SNR) can be achieved if some kind
of feedback can be dynamically applied to further
amplify signals that are still extremely low in
strength while not affecting those that are already
sufficiently strong. Therefore, in this paper we aim
at improving the performances of the existing AF
scheme through a novel and adaptive method that
ensures that signals from low-gain channels are
more optimally amplified than the signals from
high-gain channels. This will be achieved by
attempting to increase the scaling coefficient to its
optimal value. The enhanced scaling coefficient
thus proves efficient and optimal as it preserves the
original power distribution among subcarriers (does
not consume additional power). The performance
improvement of the proposed adaptive AF (AAF)
scheme is compared with existing AF and DF
systems operating in both half-duplex and full-
duplex modes in terms of throughput, fairness and
call outage. The simulation results show that the
AAF outperforms the AF and DF schemes in both
half-and full-duplex modes. The rest of the paper is
organized as follows. In Section 2, we establish a
system model and relay transmission. In Section 3,
we derive the scaling coefficient and adaptive relay
gain factor. Section 4 formulates the optimization
problem for resource allocation. In Section 5, we
present the system performances. In Section 6, we
summarize our work.

2 System Model and Relay
Transmission

2.1. System Model

The traditional relaying system model is a network
consisting of base station (BS), a relay station (RS)
and a mobile station (MS) which is the primary
building block of any larger relaying system and is
illustrated in Fig. 1. The Pgy , Ppgr and Ppy, are
the allocated powers, Hgy, Hgr and Hgy, are the
single-input-single-output (SISO) channel gain
vectors and Zgy , Zgg and Zgy are the additive
white Gaussians noise (AWGN) vectors on the B-
M, B-R and R-M channels respectively. The
channel gain vectors capture the effect of multipath
fading, path loss and shadowing. H;; is the loop
interference channel vector when relay operates in
full-duplexing mode. In half-duplexing there is no
self-interference between the relay input and output
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antennas. We assume non-line-of-sight
(NLOS) channel model for BS-MS and RS-MS
links, and line-of-sight (LOS) model for the BS-RS
link, since both BS and RS have fixed location.
Furthermore, BS-RS and RS-MS links use the same
frequency band, and BS-RS and RS-MS
transmissions follow time-division-multiple-access
(TDMA) protocol. We further assume that there is
no interference in the signal paths from BS-MS and
RS-MS. All the MS’s are assumed to have fixed
locations in the cell and so are assumed to be
experiencing different channel statistics. All the
RS’s are also assumed to be experiencing different
channel statistics as well.

PB;\!’ HB;‘W’ ZB;W

Fig. 1. The relaying system model.

The instantaneous SNR at any node for user m can
be expressed as

P (k) Hy (kt)

) (1)

where H,,(kt) =h,(kt) * PL, * X, and
H,,(k t) = h,(kt) = PL, represents NLOS and
LOS propagation path, respectively. The B, is the
allocated power and N, is the noise power. The
multipath fading channel, distance-dependent path-
loss and shadowing is denoted by h,, PL, and
X,, respectively. To facilitate transmission, a time-
division subcarrier allocation with two time slots is
considered. As described in Table 1, the BS
broadcasts its signal to the RS and MS in the first
timeslot. If subcarrier k is using full-duplex (FD)
relaying, the corresponding RS receives a copy of
the signal, decodes/amplifies and forwards it to the
MS in the second timeslot, while the BS transmits
the next signal. If half-duplex (HD) relaying is used
on subcarrier, the relays perform the same signal
processing on subcarrier k as for FD transmission;

SNR,, (k, t) =
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however, the BS remains silent during the second
time slot.

Table 1: TDMA transmission protocol for the
HD and FD relaying system.

BS RS MS
Timeslot 1 Transmits | Listens Listens
Timeslot 2 - Transmits Listens

2.2 Amplify-and-Forward Relaying

In AF protocol, the relay node simply amplifies the
received signal and then forwards it to the
destination. In HD mode, the AF relay takes two
time slots to transmit a packet from BS to MS. In
the first timeslot, the BS broadcasts its unit-energy
signal vector and the signal vector received by MS
m in subcarrier k is

[k,te] [k,t] [k,t] [k,t] [k,t]
YBMp e = "PBMm,k HBMm,k XBMp e T ZBMm‘k )

The signal vector by RS r on the same subcarrier k
is

i, = PR W A @

m,r BRm s

In the second timeslot, the RS r multiplies the

received signal vector on subcarrier k by a relay

2
gain vector D,[,’fjﬁ] and then forwards the amplified

signal vector to MS m on subcarrier k. Then the
signal vector at MS m on subcarrier k from RS r
can be expressed by

[k,t]
RMp,

[k,t] [k,t] [k,t] lkt]l _lkt] plk.t]?
PRMm,r HRMm,r,’PBRm_, Hgg,, . XBRy , Dmr

2
P k) ) Dby k) @

mr" BRy r

The SNR at the destination on BS-RS-MS link in
terms of the relay gain, D, for the half-duplex AF
(HD-AF) can expressed as

[k,t] _
SNRAF—HDm o

[k,t] [k,t]

plktl Ikl PRMm s Y RMm (5)
BRm,r " BRimny plktl Tkt 1
RMm,r "RMmy " [k,t] [k,t12

Z8Rm +PHDm
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el _ Mbity el _ Hei,
, _ m,r ) — m,r
Where YBRm,r - Z[k't] 1 YRMm’r - Z[k»t] !
BRm r RMm r
[k,t] [k,t]
H H
[kt] _ "BMm;r [kt] _ “BMpy
By, = Al Ypm, = Jedl and the
BMm r BMm

relay gain factor is given in [8] as

PR R V2B R

lt] 1
Dyp,,, = J R (6)

The generalized SNR for full-duplex AF (FD-AF)
relaying can also be derived in terms of the relay
gain factor, D. However, the relay gain factor for
the FD-AF will include the residual loop
interference SNR as shown later in the section. In
the first time slot, the received signal vector by RS
r from BS for MS m on subcarrier K is

[kt] P[k,t] H[k,t] [k,t] +

BRon BRy» T'BRyn s XBRpy

k, Kt [k, k,
p z[uvlt,]n, HEI,SL 7[n£] + Z%Ri,]l, (7)

Following the same procedure as described in [5],
the RS r subtracts the loop interference
cancellation vector

Cha) = [Phi, Bl aly) from yi) - for

loop interference cancellation to yield

~|k, k, k,
Vi, = Yin,, ~ Chtn, (8)

[PER) e xil v P! sl qli+

[k t]
BRyn

where ﬁ{’;fr the estimated loop interference

channel and AHE';'?S]T ~CN (O, E,[,i]) the residual

loop interference channel due to imperfect channel

estimation. 2! is a diagonal covariance matrix

“m
with each main diagonal element equal to o2. qﬂf;ﬁ]

is the N x 1 accumulated loop interference signal
vector at RS r on subcarrier k caused by AF-FD

relaying. In the second timeslot, RS r multiplies the
2
signal vector received from BS by D,[,’fjﬁ] and

forwards it to the MS m. Then the received signal
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vector at MS m on subcarrier k from RS r is given
as

[k t]
YRMp

[k,t] [k,t] [k,t] lkt]l _lkt] plk.t]?
,’PRMm_, HRMm,‘/PBRm, Hgg,. XBR,, , Dmir +
2
/PL",J,L, Higr | /PE?J,L,AHB;?,qi,’::ﬂnﬂi:? -
2
[Pl w24 ol + 2]

The SNR at MS m on subcarrier k can expressed as

(9)

pltl [kl
SNR[k,t] — BRm,r "BRmr %
AF—FDp, chl(;] YEI;,t] +1
m,yr Limr
plkit] [k,t]

RMmy "RMm
G -

m,r m,r [k,t] [k.t] [k,t] [k,t]

ZBRm,r DFDm,r (PRMm,rY“m,r +1)

(10)

kel _ DL,
where Y™ = —Hmr genotes the residual loop
LIy Zg‘,f]
m,r

interference SNR. Similar to relay gain factor for
HD-AF relaying in (6), the relay gain factor for
FD-AF relaying can be derived in terms of residual

loop interference SNR, YL[f:]r as follow:

Y[k,t] Z[k,t] (11)

Limy “BRp r

pletl _ 1
FDpy = |plAl gl 7 pledl
mr P8R HRbt g Y28 R o+ PR

3 Scaling Coefficient and Adaptive

Relay Gain
The SNR for AF-HD and AF-FD in (5) and (10)
can be re-written as

[k,t] _ plk.t] [k,t] [k,r]
SNRAF—HDm_T =Py, , BRy » * CHD—AFy, , (12)

[k.t] P v [k t]
SNRAF'_FDm,r = P[k,t]m';[k,t]m':rl “OED ARy, , (13)

RM LI
m,r m,r
o Pl i)
ha —_ ; ;

where aHD—AFm,r = Tlkt] [k.tTT - 1

PRMm,r RMm,r+Z[k,t] [k,t]2

BRm »Pmr

and
[k,t] _

OrDaFy, =
[k,t] [k,t]
PRM oy YRMm »

P[k,t] [k.t] 1

RMmy “RMm, [k,t] [k, 12 [ lk,t] [k,t]

" " ZBRm » Pmr (PRMm,TYle,r +1)

E-ISSN: 2224-2864 420

Olalekan Bello, Hushairi Zen
Al-Khalid Othman, Khairuddin Ab. Hamid

The authors in [7][9], first introduced the
parameter, a , which they called the cooperation
coefficient and which lies between 0 and 1 for HD-
AF relay protocol as follow:

[k.t] [k,t]

[k,r] _ PRMm,r RMm r
Oyp-ar, , = K 3 3 3 (14)
R NS AN
In [7], the authors defined the cooperation

coefficient as the cooperation level (level of
contribution) in the capacity from the indirect
(relay) path to the total capacity (in terms of SNR)
at the destination. We, however, wish to simply
refer to this parameter as the scaling coefficient
which it suggests in (12) and (13). The scaling
coefficients can be re-written in a generalized form,
for any type of relay gain factor, as

pletl kel Slkt]  plkel?
a[k,T] _ RMmy RMmyr"BRmy HDmr (15)
HD—AFp » — lkt] kel S lkt]  plkt)?
T PRA e YW  ZB R PHD 1
k.t kot kit k.t]?
ot . PE?M],,I,Y}[QM,]”ZA[BR,]” [FD,]M (16)
FD—AFm r = plit]  ylktl  Slkt]  plkt]?
T PRl YRV ZB gy DE Dy
[k,r] _ plkt] [kt] olkt] plkt]?
where Byp- 4, = Prut, , Yrm,,, Zer,, , Phb,, ,

[k.t]

_ [k,
= Pry,,

[k.r] [k,t] 1 plktl?
and Brp_4r,,  YRMy, LBR,y  DFD,,
represent the open-loop gains, and a%‘iﬂAFmr and

al[,kbr_]AFm’r are the closed-loop gains of the AF

amplifier with unity feedback in half-duplex and
full-duplex modes, respectively. From (15) and
(16), it is obvious that if a« can be increased
towards its maximum value of 1, then both the
SNR,r_yp and SNR,p_pp Will also increase. To
achieve this, the relay gain factor must be made to
increase in response to a decreasing scaling
coefficient. Therefore, the relay gain factor D
which increases as a decreases can be expressed by
the gain ratio

k,t

plktl _ iy
m,r T [kt]
m,r

(17

kel yllet]  glkt]

P z plktt? | g
_ PRMup YR LBRp P T
[k,t] kt]  Slkt]  plkt]
PR YRM - ZBRpy » Py

where D]

previous section for

is still the relay gains defined in the
HD and FD. When
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k, k, k.t k,t]?
Prin Yo Zgg, Doy
gain DU = plkl

> 1 the adaptive relay

and the signals with a,[,’f,'ﬁ]

m,r m,r
already close to 1 are not affected. When aﬂfl’ﬁ] is
far away from 1, the signal is amplified by
Hlkt k,t k, k, k,t k,t

DEn,r] = DEn,r] + 1/P.£?1\/;,]n,rY}£Mi,]mZI[3R,,]L’rD£n,r] SO
as to equalize and increase the linear gain a,[,’f,'ﬁ]
over all the subcarriers, and hence increase the
SNR received at the MS through the relay.
Therefore, the proposed relay gain factors for HD
and FD protocols can be expressed, respectively,

by

1
+L
[k,t] [k,t] [kl )
B[k,t] _ <P3Rm,r HBMm,r+ZBRm,r (18)
HDm,r 1/2
1
kil lkt] [k.t]
PBRm + BB M 2B Ry
1 L
k, k, k, k, k, k.t '
Hlkt] Pllgktr]n,r Hgﬂ’;Jm,r +Z%(Rtrjn,r+Pk"’;L,rY£(’:‘¢J,r Z%(Rr]n,r 19
FDpy = (19)

A
1
[k .t] [k t] [k,t] [k t] [kt ,lkt]
PBRm,r HBMm,r +Z3Rm,r+ PRMm,rY“m,r ZBRm,r

1
where L = T

RMmy "RMm r

The proposed relay gain is adaptive because it
dynamically increases the scaling coefficients
towards their optimal values and thus attempts to
equalize the SNRs over all the subcarriers. The
resulting scaling coefficients (enhanced scaling
coefficient) for HD and FD systems can be written
as

]l yliot]l  Slkt]  plktl?
a[k,r] _ PRMm,rYRMm,rZBRm,rDHDm,r (20)
HD—AFp r = plkt]  lkt]  ,lkt]  plkt]2
 PRA e YR M ZB R DHD 1
[k.t] ket]  lkt]  =[kt]?
a[k,r] _ PRMm,r YRMm,r ZBRm,r FDm r (21)
FD—AFpm » — plktl  ylkt] [kt]  #lkt]?

RMm r YRMm - ZBRm - DFDm -

It should be noted that &f[l’}';]r in (20) and (21) must

remain bounded between 0 and 1, in order to
preserve the original power distribution among the
subcarriers at the relay node. Therefore, the
adaptive relay gain does not lead to increase in
power consumption.
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4 Optimization Problems
The total SNR at the MS for both FD and HD in

two-way AF relaying using maximum ratio
combiner (MRC) combiner is
[kt] -
SNRHD—AFmZ,r -
[k,t] [k,t] [k,t] [k,t] [k,t]
PBMmZ,r BMmZ,r+ HD—AFmZ,r BRmZ,rYBRmZ,r (22)
[k.t] —
SNRgp_4p, 2
iy, Vi
P[k,t] [k,t] [k,t] m2,r m2r (23)

BMy2r YBMypy T QFD ARy, pletl T
R

MmZ,r Lim2r +1

For HD and FD in two-way DF relaying the MRC
combiner at destination receiver yields

lt]l  llt]
PBMmZ,r YBMmZ,r +

o It] plit]  elkot] bl elkot]
min (st,rPBRmz‘r BRm2y’" RMma,y RMmZ,r) (24)
[k.t] —
SNRFD—Dsz,r =
[k,t] [k,t]
PBMmZ,r BMmZ,r +
(t) Pz Yoy kel ylhot]
. ,;t m2,r m2,r ,t ,
min (SmZ,r P%kIL;]MZTYIEIIc:l]ZT_H'PRMmzerRMmz,T> (25)
Where s%‘_’f] € {0,1} represents the decoding

factor. Some works in [10] have assumed that the
DF relay is only capable of detecting the errors. In
this case, the relay intelligently stops the
transmission in case any error is detected at the

relay. However, if the received signal ygpp is
perfectly decoded then s,[,’f,‘rt] =1, otherwise
0< s,[,’f,‘rt] <1 Therefore, the optimization

objective can be expressed by

B <N, N
max,epr Wm [t] {]_K Zm:1 kil log, (1 +

[k.t]
SNRHD/FD)
r

where  w,, [t, k] is the scheduling weight for user
m on subcarrier k. The total channel bandwidth is
denoted by B and scaled by the duplexing factor J
which either 1 or 2 depending on whether the
network is operating in FD or HD mode. The
received signal power SNR is also scaled by the
SNR gap T for a given bit-error-rate (BER).

5 Simulation Results

(26)
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In this section, we will evaluate and compare the
performances of the AF, DF and the proposed
adaptive AF (AAF) relaying scheme in terms of
average system throughput, fairness and call outage
both in HD and FD modes. The simulation settings

are summarized in Table 2. For DF, the decoding

k.t . .
factor &) = 1 is used. For resource allocation,

m,r
we consider an opportunistic scheduling provided
by the maximum-sum-rate (MSR) with the
scheduling weight, w,,[t] = 1. The simulation is

run for 10s.

5.1. Performance Evaluations
The following performance metrics will be used for
comparison of different relaying schemes in the
downlink of an orthogonal frequency division
multiple access (OFDMA) system:

5.1.1. Average system throughput

Average system throughput is the total amount of
transmitted packet rate for user m averaged over
all time slots and averaged over all users.

5.1.2. Call Outage

Call outage is defined as the percentage of users
who did not achieve their required QoS (such as
minimum average throughput, packet loss ratio or
maximum latency). In this case, a minimum
average throughput of 9Kbps is set.

5.1.3. Fairness

Jain Fairness Index (JFI): a fairness index is used to
calculate fairness among users that belong to the
same class (i.e., intra-class fairness). Let i,,, be the
performance metric for user m, where ,, is set to
the user’s average throughput, then the JFI is
calculated as follows [13]:

(Zme@ wm)z

JFle = 5 et

W <0 Vm (27)

where C is the set of users of the same QoS class
and |C| denotes the number of users in each class.
Note that if all users that request the same QoS get
the same i, then JFI, = 1. Lower JFI, values
indicate that users have high variances in their
achieved QoS, which reveals unfairness in
distributing the wireless resources among them
according to this scheme.
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Table 2: Simulation Parameters

Parameter Value

System bandwidth 3 MHz
Number of subcarriers 64

Relay distance 500 Km
Path-Loss Model .PL(d)[dB] =

20log (471;0) +

d
10nlog (%) + Xo
Path-loss exponent, n 3
Standard deviation for

shadowing, x, 3dB

Cell radius, r 1000 Km
Reference distance, d,, 100 meters
Wavelength, A 120 mm
BS transmit power, P, 33.9897 dBm
Noise Power, o2 —163 dBm
BER 107

Slot duration, T, 2.0571ms
Queue Size 500 Kbytes
Antenna configuration SISO
Number of users 40

Table 3 illustrates how the adaptive AF relay
amplifies the signal from low-gain channel more
than the signal from high-gain channel. The
conventional AF and adaptive AF scaling

coefficients are denoted by ayp, arpp and ayp,

@pp, respectively, for HD and FD. The SNRj /"

represents the SNR in either HD or FD at RS
before amplification. The SNRHP._,, and
SNRJP,_,, are the received SNR at the MS after
amplification using conventional AF and adaptive
AF amplifiers, respectively, in HD mode. The
SNREPp_ and SNREP,_,, are the amplified and
received SNR when FD mode is used. The scaling
coefficients are in linear units, and are used to scale

the linear value of SNR?%FD. As it is shown in
Table 3, the adaptive scaling coefficients ayp and
arpp are substantially higher compared to their
conventional counterparts ayp and app. This is
because; the adaptive AF relay increases the
scaling values when the relay is operated in either
half- and full-duplex mode. This increase in the
scaling factor is reflected as increase in the
amplified SNR, i.e. SNREP;_, and SNREP,_y
compared to SNRHP,_,, and SNREP,_, when
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conventional AF amplification factor is used. Also,
noticeable is the fact that the adaptive scaling
coefficient is still bounded within its maximum
value of 1.

Fig. 2 shows the average system throughput
performances of the different relaying schemes.
The instantaneous loop interference power
Y;; = 30 dB is assumed for FD relaying. As it can
be seen DF-HD and DF-FD relaying outperform
the AF relaying protocols. This is due to the fact
that the AF relays amplify the thermal noise power
in the case of HD relaying and the loop interference
in case of FD relaying. On the other hand, AF-FD
and DF-FD relaying, at the 30dB of average loop
interference power, outperform AF-HD and DF-
HD relaying because DF-FD relaying has a better
spectral efficiency by allowing the BS and the
relays to transmit simultaneously in two phases,
while the HD relays use two phases to transmit one
message. However, the proposed adaptive AF
(AAF) scheme outperforms both the AF and DF
schemes operating in HD and FD modes. The
noticeably superior performance of AAF in FD
mode is that it is able to significantly overcome
both the thermal noise and the loop interference
impairments in order to produce the highest
average system throughput.

Syster throughput

—+-AFHD B———-- - il
— G- AFFD ‘ //g :
12] =& —pAAFHD | et JOUTR PR SRR PPN ROPR
~ | —=-asFFD s
0 / .
& 1 DF-HD e e B N
z DF-FD ; 5
] . ? .
i [ ] R TTREUOO SUPPR L e T T e _..._
2 ‘ L e :
£ : i :
: T e
T 0GR e /kz.. R PN S
4 = s
o ki e o — g —
/ : :
I I ST T 1
7 ' §
04 ‘ ‘ ' i
0 04 1 14 2 25
Artival rate (Mbps)

Fig. 2. Average system throughput for different
relaying Schemes

Fig. 3 shows that the AAF scheme provides the
best and almost equal throughput fairness
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performances in both HD and FD modes for a MSR
scheduling which, by nature, exhibits very poor
fairness performance at the expense of maximizing
system throughput as shown for the conventional
AF and DF schemes. This proportional fairness is
achieved because the adaptive AF not only
maximizes the signal-to-noise ratio across all
subcarriers but ensures that SNR on bad channels
are increased more than those on already good
channels. Fig. 4 depicts the percentage of the ratio
of the number of users whose calls are in outage to
the total number of users in the network. Outage in
this case represents the users’ calls that are not
allocated network resources. The AAF scheme
operating in HD and FD achieves the lowest
percentage of call outage which remains at 20%
beyond the arrival rate of 1Mbps and 1.5Mbps,
respectively, while the conventional AF and DF
show increasing percentage of call outage as the
arrival rate increases.

Throughput faimess
] ]

1 :;'!\ £ i H &
T 5 é
N ~ ¥ : N
o ® i 5
N AN : :
: A : : :

" DT-\ \ i
L] : : R :
£ : A R :
: : L :

§ OBL- e e g e I
£ : S T
i : BN : el

— % -AFHD g S : =

04| — @ -AF-FD | TP E...“: e ]

—& — AAF-HD ; § s

03] TETAAFFD | T
DF-HD :
DF-FD : :
Dz 1 1 1

il 05 1 15 2 25

Avrrival rate (Mbps)

Fig. 3. Throughput fairness for different
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Table 3: Scaling Coefficient and SNR

Olalekan Bello, Hushairi Zen
Al-Khalid Othman, Khairuddin Ab. Hamid

Subcarrier 1 2 3 4 5 6 7 8
SNR?%FD 16.3100 | 19.4441 22.8685 | 24.7489 | 24.9918 |26.0598 | 26.8439 | 31.3521
(dB)
ayp 0.5381 0.4262 0.7471 0.8549 0.6961 0.6343 0.5417 0.2441
Ayp 0.8009 0.8035 0.8411 0.8896 0.8254 0.8117 0.8011 0.8442
SNRHP,_,, | 13.6188 | 15.7401 21.6022 | 24.0681 | 23.4182 |24.0826 |24.1811 | 25.2279
(dB)
SNRHP,_,, | 15.3460 | 18.4939 22.1168 | 24.2411 | 24.1583 |25.1538 | 25.8809 | 30.6167
(dB)
arp 0.1189 0.1351 0.5209 0.7358 0.5270 0.4872 0.4116 0.2060
arp 0.9052 0.8954 0.8003 0.8372 0.8005 0.8001 0.8050 0.8594
SNREP,_,, | 7.0608 10.7507 20.0358 | 23.4164 |22.2101 |22.9365 |22.9883 |24.4912
(dB)
SNREP,_,, | 15.8774 | 18.9641 21.9009 | 23.9774 |24.0252 |25.0913 |25.9021 | 30.6942
(dB)
Percentage of call outage
i e ‘ 6 Conclusion
e L In this paper, we have analyzed the existing AF
ol I R S relaying schemes and have derived an adaptive AF
DF-HD Wi e (AAF) relay gain factor to combat the effect of
| DR e Tt thermal noise in AF in HD and FD, and loop
g /- A interference in FD relaying. We have shown that
330#"/ the adaptive AF relay gain increases the scaling
E ; A coefficient further and amplify signals on low-gain
320 VAV _& 3 channel more than the signals from high-gain
T "/'//37"'“"_ A R i channels. The simulation results show that AAF
;‘( 4 . outperforms the conventional AF and DF schemes
L 7 L Tt operating in both half-and full-duplex modes in
d // terms of throughput; its throughput performance in
0¥ E 4 = 2 > FD is very significant compared to AF and DF in

Aurival rate (Mbps)

Fig. 4: Percentage of call outage for different

relaying schemes
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similar mode. This is because both the thermal
noise and loop interference renders the signals in
FD mode extremely low; hence the signals are
more highly amplified compared to that in the HD
mode. Therefore, the proposed method performs
better in low-SNR systems. The results also show
that the proposed method achieves very high
throughput fairness compared to the other schemes,
when used with the MSR scheduling algorithm
which is known to perform poorly in throughput
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fairness, because it attempts to equalize the SNR
across subcarriers. It is also shown that the
proposed scheme keep probability of call outage
low and consistently flat, meaning that better
service coverage can be guaranteed when it is
employed.
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