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ABSTRACT Wireless communication using existing coding models poses several challenges for RF signals
due to multipath scattering, rapid fluctuations in signal strength and path loss effect. Unlike existing works,
this study presents a novel coding technique based on Analogue Network Coding (ANC) in conjunction
with Space Time Block Coding (STBC), termed as Space Time Analogue Network Coding (STANC).
STANC achieves the transmitting diversity (virtual MIMO) and supports big data networks under low
transmitting power conditions. Furthermore, this study evaluates the impact of relay location on smart devices
network performance in increasing interfering and scattering environments. The performance of STANC is
analyzed for Internet of Things (IoT) applications in terms of Symbol Error Rate (SER) and the outage
probability that are calculated using analytical derivation of expression for Moment Generating Function
(MGF). In addition, the ergodic capacity is analyzed using mean and second moment. These expressions
enable effective evaluation of the performance and capacity under different relay location scenario. Different
fading models are used to evaluate the effect of multipath scattering and strong signal reflection. Under
such unfavourable environments, the performance of STANC outperforms the conventional methods such
as physical layer network coding (PNC) and ANC adopted for two way transmission.

INDEX TERMS Analogue network coding, space time block code, Internet of Things, Nakagami-m fading

channels, Rician fading channels, Rayleigh fading channels, moment generating function.

I. INTRODUCTION

The future of IoT encompasses a much broader range of
applications. This technology is bringing innovation in con-
ventional telecommunication facilities like speech, video,
web browsing, social networking, etc., Authors in [1] present
a survey report regarding state-of-the-art of 5G IoT, however
they only provide a review on research trends and challenges
faced by 5G IoT. Efficient solution to these problem are not
discussed or recommended. The future wireless networks are
expected to provide pervasive broadband coverage in large
areas with high capacity [2]. Under realistic propagation
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conditions, signal loss in any wireless environment will be
the combined effect of multipath scattering, path loss and
rapid fluctuations in signal strength. Fading is the most funda-
mental characteristics of the wireless channels and attributes
to the random variations in signal strength. To overcome
fading and improve the diversity gain, a space-time block
code can be applied [3], [4]. Cooperative network concepts
have been an important area of research to combat channel
fading, where signal transmissions between communicating
terminals are assisted by one or more co-operative relays
[5], [6]. Performance analysis of various relays and
co-operative systems operating in fading channels are
reported in literature [7]-[11]. Inspite of gaining significant
amount of research attention and theoretical explorations
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in wired networks, the potential use of network coding in
the field of co-operative wireless networks for improving
throughput is also being recognized [12], [13]. The net-
work coding schemes takes advantage of the unique and
inherent characteristics, namely the broadcast nature of the
wireless networks. Various wireless network coding schemes
in bi-directional relay networks have been investigated and
reported in [14]-[19]. In the recent years, Analogue Network
Coding (ANC) has been considered as a variant of Physi-
cal Network Coding (PNC). It has also been proposed as a
potential scheme to enhance network resources. ANC offers
unique capacity-boosting advantage and improved through-
put performance as compared to its conventional counterparts
such as direct transmissions and Digital Network Coding
(DNC) [20], [21]. ANC adopts a revolutionary approach,
by encouraging interference of simultaneously transmitted
signals which otherwise is considered harmful in wireless
transmissions. In ANC approach, the communicating termi-
nals i.e. source and destination transmit the signal simulta-
neously, the signals interfere with each other as the medium
of communication is free space. This interfered signal is then
received at the relay which is located between communicating
terminals. The relay simply amplifies and broadcasts the
interfered signal to both terminals. Each terminal subtract its
own information from interfered signal and get the informa-
tion of other terminal. By doing so, it takes only two time
slots to exchange information between the communicating
terminals. Amplify and forward ANC is highly robust and
provides improved performance in the absence of synchro-
nization [22]-[25].

IoT based smart devices operate in wireless environment
which is a dynamic medium. Multipath scattering and path
loss effect are the two major problems that may arise in this
type of communication resulting in performance degradation.
In order to resolve these issues, this research work contributed
as in the following points:

« An innovative network coding strategy i.e. Space Time
Analog Network Coding (STANC) is introduced for
wireless environment in order to compensate the effect
of Multipath scattering and path loss by achieving the
spatial diversity and improved performance as compared
to conventional PNC and direct transmission schemes
that are designed for IoT applications.

o The optimal position of relay node is evaluated by
deploying it at various positions between the source and
destination nodes. The finest point is identified where
the system performance is significantly enhanced.

o The performance of the proposed STANC based sys-
tem is evaluated through analytical analysis. In doing
so, the effective closed-form expressions for moment
generating function (MGF), mean and second moment
is derived for performance metrics SER, outage and
capacity under realistic propagation scenario over
Rayleigh, Nakagami and Rician fading channels that
incorporate the multipath scattering and path loss
effect.
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o The Analytical results validate the significant perfor-
mance of STANC based system for IoT applications
and proved that the derived numerical expressions are
tight and can be efficiently used for performance and
capacity analysis by changing parameters of interest
randomly and in any SNR regime.

Rest of this paper is structured as follows: The system
model, which includes path loss model, channel model, trans-
mission protocol, and Input-Output equations, is described in
Section 2. Section 3 presents equivalent SNR and detailed
derivations of closed-form MGF expressions. The approx-
imate closed-form expressions of Outage probability and
Ergodic capacity for both Nakagami and Rician distribu-
tions are derived in Section 4 and Section 5 respectively.
Section 6 discusses the analytical results of the system per-
formance. Finally, Section 7 concludes the paper.

Il. THE PROPOSED RELAY MODEL

Fig. 1 represents the STANC relay system model. There are
two terminals 77 and 7. Both terminals correspond with
each other through L = 2 number of relays R;, where
j = {1,2}. The relay terminals are positioned at different
locations between source and destination terminals and oper-
ating in amplify-and-forward (AF) relaying mode. We are
considering single antenna on each terminal for transmission.

Y

d=1
FIGURE 1. STANC System Model under path loss effect.

A. NOTATIONS

E., yi, My(s) and ny represent the transmitted symbol
energy by terminal X over X — Y link, equivalent signal-to-
noise ratio (SNR) at i-th terminal, total unconditional moment
generating function of y; and AWGN at terminal X in the
k-th time slot, respectively.E(-), | - [, T'(-) and ¥ (., ., .) denote
the expectation operator, the magnitude of complex value,
the gamma function and confluent hypergeometric function
of the second kind, respectively. W(., ., .) is the Whittaker
function modified from confluent hypergeometric function.
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T1 — T3 describes the link from source terminal T to T3. aj,
K;; and m represent the multipath gain coefficient, Rician-K
factor, Nakagami-m factor, respectively from i-th terminal to
Jj-th relay. T; and R; denote the i-th terminal and j-th relay,
respectively.

B. PATH LOSS MODEL

Here, we are considering the projection of R;, it is on a straight
line from source to destination terminal as shown in the Fig. 1.
The total distance between source terminal (7) to destination
terminal (73) is normalized to d = 1, the perpendicular
distance between 71 and R; is d /4 and the distance between
Ty and projection of R on the horizontal line is d;. The
exact distances of Ry from 77 and T3 is denoted by di;
and dj; respectively and is given by Pythagorean theorem as

diy = \Jd? +0.25% and d1 = /(1 — d})? + 0.252. Similar

symmetry is from R to 71 and 7.

The faded SNR is attenuated by factor d;;" and d,* for
first-hop and the second-hop, respectively, and are influenced
by the path loss effect. This influence of the transmission
medium is described by an empirical constant which recog-
nized itself as path loss exponent (w). Path loss exponent
defines the limits for different sort of signal propagation
depending upon the radio environment [26]. For example in
open free space, u is set to 2, and its range extend to 5 in case
of outdoor propagation and become larger when obstructions
are present. In this system model, we concentrate on the
practical example of a sub urban area with . = 3.

C. CHANNEL MODEL

It is assumed that the channel state information (CSI) is
only available at the receiver terminal which is obtain by
estimating the whole channel link only at the receiver ter-
minal through training based channel estimation technique
as report in [27]. The transmitter of the system is unaware
about the channel information. The fading coefficients are
also assumed to be same during two stages. It is also
assumed that the channel link from both terminals to relays
are Nakagami-m and Rician-K identical and independently
distributed (i.i.d). The gamma distributed random variables
is denoted by «;; = |hl-j|2 where h;; is the fading magni-
tude of the link from i-th terminal i = {1, 2} to j-th relay

J = {1,2}. The probability density function of «; for
Nakagami-m distribution is given in [28] as:
Flag = i <_’"°"7> ()
o) = exp
Q;}’F(m) Q;j

where I'(.) represent gamma function. Here we consider
mean channel power E {|h1j|2} = Qy;. Now by using path
loss model €2;; dx_yM [29] where p is the path loss exponent
and d,y is the distance of link X — Y.

The signal experiences the channel fading problem because
of the reason that terminal, relay and destination are
located in the same fading environment. Here, the fading
conditions are described by the fading parameters m as,
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when m = 1, it corresponds to the area which is heavily
populated and both the relays and the destination terminals
experience severe multipath fading, resulting in exponen-
tial distribution (Rayleigh fading). Similarly m = 2 corre-
sponds to moderate multipath scenario with less scattering
and the signal strength variations are reduced as compared to
Rayleigh Fading.

Similarly, for Rician-K distribution, the probability density
function (PDF) of «;; by using [32] is given as:

1+ K;) —(1 4+ Kjjajj — Kjj
floy) = o J eXp( S-le‘j d )
A (2 (K,-,-(lQ + K,»,-»a,»j) o
ij

where K;; denotes the Rician fading factor of the link from
i-th terminal to j-th relay. Iy(.) is the zero-th order modified
Bessel function of the first kind. Similar to Nakagami-m = 1,
the Rician distribution becomes the Rayleigh distribution
at K;; = 0.

D. TRANSMISSION PROTOCOL

The signalling of proposed protocol is carried out in two
stages as shown in Table 1. From the table, both the terminals
Ty and T3 simultaneously transmitted their signal x;; to relay
R; where j = {1, 2} in first stage where x;; represents the sig-
nal of k-th symbol from i-th terminal. Due to broadcast nature
of wireless medium, the wireless channel naturally mixes the
signals that are transmitted from both terminals. This exploits
the basic analog network coding scheme (ANC) [21] as given
in Table 1.

TABLE 1. Two stage transmission protocol.

[ Stagel [ Stage2 |
| T1,T2—>R]' | R]' %Tl,TQ ‘

And In the second stage, the j-th relay amplifies the com-
bined signal which contained the information of both termi-
nals (detailed describe in next section). This signal is then
broadcasted as a combined signal to the terminals. When the
Alamouti codes are implemented, each stage is repeated twice
for the conjugate and negative conjugate of the signal xj.
The Alamouti codes for i-th terminal is best described by the
matrix given as:

Xil Xi2
Ci = (_x* x* )
i2 il

The entire signaling of the proposed protocol takes place
in total of 6 time slots for transmitting 4 signals, as shown
in Table 2. In the first time slot terminals 7} and 7> transmits
x11 and xp; respectively to Rj. In second time slot, both
terminals again transmits xjp and x> respectively to R».
Ry and R, amplify and forward the combined signals to
both 71 and 7> on two different sub carrier in third time
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TABLE 2. Six time slot transmission protocol.

| Time slot | Terminal i=1,2 Relay j=1,2 | Symbol ]
‘ 1 | T, T — Ry | zi,z21 ]
‘ 2 | T1,T> — R» | zi2,222 |
‘ 3 | Tl,TQ < R17R2 | Tij |
‘ 4 [ T1,T> — Rs | 21,25 |
5 | T, T — Ry [ —xTs, —a35 |
‘ 6 | T1,T2 < Rl,RQ | ’f';} |

slot. In fourth and fifth time slots, the terminals 77 and T,
again transmits the conjugate x| and xj; respectively to R,
and negative conjugate —x, and —x3, respectively to Rj.
R and R; finally broadcast the amplified version of received
combined signals on two orthogonal channels to 71 and 7> in
sixth time slot.

E. INPUT-OUTPUT EQUATIONS

1) STAGE 1

The signals x;; and x;; are transmitted by 7; (where i € {1, 2})
to the relays R; and Rj, respectively. The signals received at
R; and R, are given by:

Vr = h”\/ETxn +h21@)€2] +nrl (3)
Yr, = h]z\/ETXIz + hzZ@xZZ +np, )

where n,; ~ CN(0, Ny) and E; is the transmitted symbol
energy at i-th terminal.

2) STAGE 2
In this stage, the j-th relay normalizes the received signal by
a factor of . /E(| yrj|2) and broadcost the combined signal to

Tyand T>. The amplification factor (8;) at the j-th relay is
given by

Tj
L 5
hi \/Qlel + Q2iE> + Ny ©)

where E,, is the average transmitted symbol energy at R; and
mean channel power E{|h1.,~|2} = Qy;. Now by using path
loss model €2;; o dx_yM where p is the path loss exponent
and d,y is the distance of link X — Y. The two terminals
T; (i € {1, 2}), receive the signal from j-th relay through two
orthogonal channels and the general form of received signal
is given as:

rij = hiiBjyr, + ni (6)

where n; ~ CN(0, Np) at i-th terminal T;. T; knows x;|
and h;;. The terminals know self information so by removing

self information, the terminals get the information of other
terminal and we assume that each terminal knows the value

of ,3/'.

Yij = rij — |hij|2ﬁj\/E'Xik @)
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Hence, the recovered signals at the ith terminal where
i € {1, 2} from both relays in second phase is given as:

yit = Bihithaiy/Exxar + it (®)
Y12 = Bahiohoy/Exxa + it 9
21 = Brhithay/Eixi + g (10)
y22 = Bohiohoy/Erxia + i (11)

where 7;; = Bjhjjny; + nj, having variance (ﬂ].2|hij|2 + 1) No.

Similarly,T; transmits the signals conjugate x| and nega-
tive conjugate —x7; where i € {1,2} to the relays R and
R», respectively. The signals received at i-th terminal through
R and R, are given by:

Y5y = —BihnhaVExx3, + it} (12)
Viy = Bohiohoo/Exxiy + ity (13)
Y51 = BihiihaVEix, + i) (14)
V32 = —Bohihooy/Erxiy + it (15)

where ﬁ;; = Bjhjjn;; + n;, having variance (,81.2|h,-j|2 + 1) Np.

3) MATRIX REPRESENTATION
The received signals at T, can be represented in matrix
form as:

Y =HX +N (16)
where
Yi=(vu y2 ¥ ¥h)ia
gt _ (A 0 Ay 0*
0 An 0 A5 ),
XU= (o xn2),
NT = (n21 ny  ni, n§1)1x4
and
Bi
Ay = —hlthI\/E
w21
B2
A22 = —h]ZhZZ\/E
)
where

is a normalizing factor at the receiver. By multiplying H on
both side of (16), we arrive at:

x ’
HHy = (|A21|2 + |A22|2> (Q;) +HIN (7

Ill. PERFORMANCE ANALYSIS

A. STANC EQUIVALENT SNR

Maximal ratio combining (MRC) is used at Terminal T,
to combine the signals received from L relays. where

_ B hn P lhnlPE
w32

2
|A2s]
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In general, the STANC equivalent SNR at i-th terminal can
be expressed as:

=
Il

1 L
2
o 2
j=1

_ i 7 B} 1l o |*
B hyl> + 1

j=1

(13)

where y = N% and E = E| = E).

B. GENERAL STANC MOMENT GENERATING FUNCTION

In this section, we derive the expressions for unconditional
MGFs to evaluate the above average SER for ANC com-
munication over Nakagami-m, Rician and Rayleigh fading
channels. The MGF of y; is given as

My, (5) = By (€7°77) (19)
We assume that «1; and a; are independent random variables.
The MGF for given ay; is represented as:

2 -
Bivayjen; g

ﬁjzotzj-H : ) (20)

-Y
MVz\Olzj(s) = Evtlj e

1) FOR NAKAGAMI-m FADING CHANNELS

As o = |hy|* (for i,j = {1,2}) are gamma distributed
random variables, (20) can be written as
L 1
Moy =[] — (21)
= (14 QB v
(ﬂjzotzj'-i-l)m
(20) can also be written as
m
1 L oz + #
— J
Myplaey = —— 5 I1 | @
(1 + Ts) J=1 / ,3/.2+Q”jf2ys

(22) can be further simplified as:

L
1
——— [ +G@y) @3
(1 + Ms) =1
m
gn—10 e Fgian+go
(gj+——"
ﬁszr%s
as real constants. The unconditional MGF is obtained by aver-
aging (23) over arpj and given in (24), where C, j and ¥ (-, -, )
is the confluent hypergeometric function of the second kind.

My2|a2_,- =

where G(ay;) = ,withgn_1, -+, g1, 80

My, (s) =

24
Q8] 7 )
T N

Qi +
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where C, ; is given as,
] dmf\/

Cpj=— ——
Y (m =) dey

m

1

QB
—S
m

azj +
B +

Gy | lyye 1
Q:B7y
52+711':j Y s

J

e

2) FOR RICIAN FADING CHANNELS

The conditional MGF for given ay; of the SNR for STANC
over Rician fading channels is given by:

L

(1+Ki)j)
M)’zlazj(s) = H L Ko Qe
j=1 (1 +Kij) + BPag+1
’ Qyjy o)
J B20i+1
exp (i (25)

(I+Ky)) + Q]j]?dzjﬂjzoézj + 1s

where K; and K»; are the Rician factor for link 77 — R; and
T, — R; respectively. The unconditional MGF is obtained
by averaging (25) over ay; and given as in (32), shown at the
bottom of the next page.

3) FOR RAYLEIGH FADING CHANNELS
The unconditional MGF of the SNR for K = 0 orm = 1
(special case: Rayleigh) is given as

L
My, (s) = [ [ Brhi(Ei(—kpk; — 1/ + 1) (26)
j=1

where k; = and Ei(.) is an exponential integral

1
BF(1+75)
function.

C. AVERAGE SER
The SER equations (P,) for M -PSK and M-QAM modulation
are as given below.

1) M-PSK: The average SER for M-PSK is given
in [32] as:

1 [(M=Dm/M gPSK
P — M, (—) o 7
e(MPSK) = — /o i\ i (27)

where gpsx = sinz(n/M).
2) M-QAM: The average SER for M-QAM is given
in [32] as:

4 1 /2 80AM
Panan =2 (1= ) [ M (S )
4 N 80AM
— 1 -—= . do 28
7 < «/M) /0 My <sin20> (28)

where goay = m
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IV. OUTAGE PROBABILITY

We characterize the STANC performance analysis in terms
of the outage probability. In particular, we present a unified
approach to derive the CDF of y;, under the assumption
that CSI is only available at the receiver and the transmitter
does not know the channel information, in Nakagami-m and
Rician-K fading channel conditions. The outage probability
(Poutage) 18 evaluated by relying on these numerical results
and is defined as the probability that the instantaneous total
SNR (y; = yurc) falls below the given threshold SNR ().

POutage = Plyi < yul
Poutage 1s the CDF of y; evaluated at yy;:

HML$)/9) Ly

where, J3(.) denotes the inverse Laplace transform. The pro-
cedure to evaluate the inverse Laplace here is the same as
in [31]. The outage probability can be evaluated as

Poutage = fy,(vin) = (29)

27042 Z (0
Outage = — Z ( )
Vih 4=0 q
A+2mj
N+q -1y M,, (_. 2%7;1")
x Z ’3 N A+2mjn
n=0 " 2Vin
+E(A,N, Q) (30)

where N{.} denotes the real part, E(A, Q, N) is the overall
error term approximately bounded by

Q is the number of partial series of length N, N +
1,---,N 4+ Q respectively, used for binomial average for
convergence by using Euler summation technique and

2 ifn=0
/Bn:

1 ifn=1,2,---,N

where W(., ., .) is the Whittaker function modified from con-
fluent hypergeometric function [30].

V. ERGODIC CAPACITY ANALYSIS
The capacity of a system is more important to analyze the per-
formance and efficiency of the system under path loss affect
and different fading environment. In this regard, we present
an ergodic capacity of STANC channel approximated by a
Gaussian random variable assuming that CSI is only available
at the receiver and transmitter have no knowledge of channel.
In [33] the ergodic capacity is defined as the expectation
of the information rate over the channel distribution between
the source destination link and is given as:
Cerg =E {% IOg(l + VZ)} (33)
By applying the Jensen’s Inequality approach as reported
in [34] the ergodic capacity can be upper bounded as:
Cerg =

1
7 log (1 +E{r)h (34)

where y» is given by (18). Based on the Gaussian approxi-

-0,A/2 mation as in , we present the ergodic capacit
oA 2—0,A i in [21] p he STANC ergodic capacity
|E(A,N, Q)| ~ oA ‘ X analysis over Nakagami and Rician fading channels that only
0 Vik required the mean and variance that can be evaluated by:
S (9). -
= q E{y} = /O vif (@i)dvi (35)
_ AR2mj(N+1+q)
" MVi ( 2¥in ) (31) 00
‘ A0V +T4g) E{r}} = / vi'f vy (36)
0 0
L oo k n prk—n k n—k -
KKy (1+K2')2(1+K1~) (7s)k—n
2 j j Vs
MVZ(S) HZZ (n) : n—k X Q Tk—n+l
Wk — n)! k 14
j=1k=0n=0 nl(k n)QQ '3 (1_,_(”';(1))
Ky; — 1+K2'
Tk 2V o
exp 1 —Ky Quy Q87
TN 2</32 + T )
1+K>; | !
Q .
XA Wt k) 5? p? B ity g2
2 1 )/ 2 1j y ‘
B + arkips B+ akps
| % Q 1 1+Ky;
, 3 =
x (,3}.2 ( + 2’) <1 LA )) Wi 1 .k & (32)
Q) (1+ Kyj) A
ﬂ + (1+K1 )
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7871y hoy
B 2 +1
density function (PDF) of «;;.

Here, y;; = and f (o;j) represents the probability

A. MEAN AND SECOND MOMENT OVER NAKAGAMI-M
FADING CHANNELS
The PDF for Nakagami-m distribution is given in [28] as:

m m—1

flay) = = —exp <_m“""> 37
Y QT (m) Qy
where o;; = |h,;,~|2, I'(.) is a gamma function. Here we

consider E{|h1j|2} = Qp;. Now by using path loss model
Q; d,;v“ where p is the path loss exponent and dy is
the distance of link X — Y. For m = 1 the Nakagami-m
distribution becomes the exponential distribution.

Now by evaluating (35), (36), the mean and second
moment of y;; over Nakagami-m fading channels are given as:

aamt1
E {yy) = 22 ‘eXp{ = }

WV Qup;
r (—m, 9:@) (38)
E{ri] = ngyzmr:1+2§; o
;B
1//(m+2,m+1;L2> (39)
QB

where ¥/ (., ., .) represent the confluent hypergeometric func-
tion of the second kind.

B. MEAN AND SECOND MOMENT OVER RICIAN-K
FADING CHANNELS
The PDF of «; for Rician-K distribution by using [32],
is given as:

exp
Q; Q;;

xIy (2 (Kif(lg; Kij))“ij) (40)
ij

f(aij) =

where Kj; is the Rician fading factor of the link from i-th to
Jj-th terminal and Iy(.) is the zero-th order modified Bessel
function of the first kind.

Similarly, we compute the mean and second moment of y;;
over Rician-K fading channels by substituting (40) in (35)
and (36) are given as:

Yy = 1 002 3
n=0 ng ﬂjn (n})
1 + Kp;
exp 1 —Kzj + 2]
Q9;

1+ Ky
2 -1 - 41
I'(n+ )F< n, QZj/sz ) (41
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E{yz}_i 27’
2 = +1 p2n42
n=0 ng 'Bjn
K1+ K" (2 + 4Ky, + Kfj)(l + Kij)~2
) n!)?
xI'(n+ 3)exp {—sz}
1+ Ky;
v n+3,n+2; + ;f (42)
92]',3]'

C. THE SECOND-ORDER APPROXIMATED ERGODIC
CAPACITY

To achieve the second-order approximation expression
for Cerg, the Taylor expansion of In [1 —i—E{yij}] with
the mean of E {y,-j} resort to the numerical computation
approach, given in [35] as:

L
1
Corg ~ Zlogze<ln 1+ZE{7/’7}
j=1

S B vz} + 250 Y E (v} E )

2(1 + Z]-LZIE{;/U})2

2
~ - 2) 43)
2 (1 + Zj:l E {Vij}>
Consequently, by substituting (38), (39) in (43),

we approximated the second-order ergodic capacity for
STANC relay network over Nakagami fading channels and
similarly by substituting (41),(42) in (43) we obtained,
the second-order approximated ergodic capacity for Rician
fading channel.

VI. RESULTS AND DISCUSSIONS

Analytical study results are used to analyse the performance
of proposed STANC system in terms of SER, Outage and
capacity over Nakagami and Rician fading channels. Initially,
the SER performance of two sources in STANC relay network
is evaluated. For simplicity, the SER performance is used
only at 75 due to the symmetrical system model, as SER
performance at 77 is same.

For obtaining analytical results, various assumptions are
made. The channel coefficients are assumed to remain same
during the two transmission stages, as discussed in Section 2.
Nakagami-m and Rician-K channel distributions are consider
for the uncorrelated propagation channel coefficients. It is
also assumed that the perfect CSI is only available at the
receiver and the transmitter does not have channel informa-
tion. The modulation schemes BPSK, QPSK and 16- QAM
are consider for ideal coherent modulation and demodulation.
The fading channel gains are computed using the path loss
model dx_y“ , with 4 = 3 (suburban environment). Here,
the distances d,y € [0 — 1].
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FIGURE 2. SER analysis of STANC over Rayleigh fading channels with
QPSK constellation size at distance d; and d, from the relays (L = 2).
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FIGURE 3. Performance comparison of STANC schemes under Relay
positioning over Rician fading channels.

The precise SER performance is analytically derived in
section 3. Similarly, we achieve analytical results for sys-
tem outage by using SER and MGF respectively derived in
section 3 and we derived the mean and second moment for
ergodic capacity as discussed in section 6 over Nakagami and
Rician fading channels respectively. The SER and capacity
results are drawn w.r.t. the average SNR as well as relay
positions, the result for ergodic capacity are drawn in 3-D
w.r.t. different relay positions and the outage results are only
drawn w.r.t. SNR.

A. SER PERFORMANCE VS RELAY LOCATION

Fig. 2 and Fig. 3 shows the behaviour of SER versus SNR of
STANC cooperative network with the different combination
of relay location, d; and dp. The SER curves are shown
for QPSK modulation schemes and for Rayleigh and Rician
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FIGURE 4. SER analysis of STANC over Nakagami fading channels under
path loss effect for (L = 2).

fading channel respectively. Fig. 3 shows that the increase
in Rician-K factor improves the performance of the system
in terms of SER, especially for high SNR values. Both fig-
ures depict the STANC performance in terms of SER curves
at six positions of the relays. Here, we assume the location
of relay (R;j), j € (1,2) is on a line between source and
destination as shown in fig.1. The path distance between
source terminal (77) to destination terminal (7,) is normal-
ized to 1 and the distances from R; to 77 and 7, is denoted

Jdi +0.252 and

di» = /(1 — d)? + 0.252. Similar symmetry is from 7; and
T to R,. The curves show that the STANC system performs
best with d; = 0.5 and d» = 0.5 (relays located in the
middle of 71 — T») at lower SNR values. It is also observed
that the performance of the system is worst when both the
relays are located closer to the source terminal d; = 0.25
and dp = 0.25.

Fig. 4 shows numerical analysis for Nakagami m = 1,2
fading channels. These curves present the performance of
the system with 2 relays operating in AF mode under path
loss effect. The received signal at the destination termi-
nal, which carry modulated symbol brings significant per-
formance improvement by exploiting spatial diversity gain
through STANC. It can be seen from Fig. 4 that performance
of STANC improves as move from higher order modulation
to lower order modulation. Due to the decreased constellation
size e.g 16-QAM, QPSK and BPSK, the average minimum
distance is expected to increase, thus resulting in a reduced
SER due the resilience of lower rate modulations.

Fig. 5 shows the average SER performance with BPSK
and QPSK signal over nakagami fading channel, where AF
STANC protocol is used at the relay. Fig. 5 shows that the
increase in Nakagami-m factor improves the performance of
the system in terms of SER, especially for high SNR values.
The figure also illustrates that better performance will be
achieved when the relay is near the middle of the source

by di1 and dj; respectively. Where di| =
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FIGURE 5. Performance comparison of STANC schemes in terms of SER
Vs Relay Distance over Nakagami fading channels.

and the destination terminals. We find that when d = 0.5
the SER has the minimal value for a given SNR. It can be
seen that the optimal location of AF protocol with BPSK
and QPSK signals are the same, i.e. d = 0.5 which is
similar to the conclusion in [36], for one way cooperative
channel.

B. OUTAGE PROBABILITY VS RELAY LOCATION

In this section, the performance of STANC network is
evaluated under various channel parameters. In particular,
the effect of relays is analysed with asymmetrical hops on
the end-to-end outage probability. The Nakagami and Rician
fading parameters are varied and the per-hop average faded
SNR y; and i = 1, 2. It is assume that the distance between
source terminal 7 and destination terminal 77, is normalized
to unity as shown in Fig. 1. In addition, the transmit energies
at the terminals and the relays R; are assumed to be equal
and the information symbols are modulated using QPSK.
The faded SNR is attenuated by factor d,/* and d,* for
first-hop and the second-hop, respectively, and are influenced
by the path loss effect. Where u = 3 path loss exponent for
sub-urban area.

In this research work, the impact of the relay location on
the outage probability of STANC is observed by setting the
relays at different positions while keeping the same fading
parameters. The relay node as well as the destinations termi-
nal is situated in the same fading environment so the signals
received at both terminals experience same fading conditions
which are described as. When m = 1, it corresponds to
the area which is heavily populated and both the relays and
the destination terminals undergo in severe multipath fading
and the distribution reduces to Rayleigh fading. Similarly
m = 2 corresponds to the moderate multipath scenario with
less scattering and the signal strength variations are reduced
as compared to Rayleigh Fading.

‘We now show the outage probability of STANC, taking into
account three cases based on the different positions of 2 relays
between source-destination terminals, as follows.
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FIGURE 6. STANC outage probability vs relay positioning over
Nakagami-m = 1, 2 fading channels, for QPSK modulation scheme.
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FIGURE 7. STANC outage probability vs relay positioning over
Rician-K = 1, 5 fading channels, for QPSK modulation scheme.

1) Case I: In this case we discussed three scenarios:/)
when d; = 0.25 and d, = 0.25 (both the relays is located
close to the source). 2) When di = 0.25 and d» = 0.75
(one the relays is located close to the source and other is
located near destination terminal). 3) when d; = 0.75 and
dy = 0.75 (both the relays is located close to the destina-
tion terminal). Fig. 6 and Fig. 7 plot the outage probability
for Nakagami-m and Rician-K fading channels respectively
against Es/NO using IV.

Fig. 6 illustrated that when m = 1 at the outage probability
of 10~# is same for all scenarios while for m = 2, it can
be observed that scenario 3 is superior by about 0.5 dB to
the scenario 2 and 1 dB to scenario 1. On the other hand
Fig. 7 shows that scenario 3 outperforms the scenario 2 and
scenario 1 by about 1 dB and 2 dB respectively for K =1, 5.

2) Case II: In this case we discussed two scenarios: /)
when di = 0.25 and d» = 0.50 (one relay is located at
middle between source-destination and second relay located
closed to the source). 2) When d; = 0.50 and d» = 0.75
(one relay is located at middle between source-destination
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FIGURE 8. Ergodic capacity Vs Relay positioning over Rician-K = 5 fading
channels with L = 2. The approximated analytical results given in (43)
using (41) and (42).

and second relay located closed to the destination). Fig. 6
showed that 0 dB gain is achieved at the outage probability
of 10™* for m = 1 while for m = 2, it can be observed that
scenario 2 obtained 0.5 dB gain with respect to scenario 1.
It can be observed from Fig. 7 that for K = 1, 5 the scenario 1
shows approximately same outage probability to scenario 3 of
Case I at higher SNR regime.

3) Case III: In this case we discussed the scenario when
di = 0.50 and d» = 0.50 (Both relays are located at the
middle of source-destination link). Fig. 6 showed that this
scenario achieved 1 dB and 2 dB gain w.r.t Case I and Case II
respectively at the outage probability of 1073 form = 1 while
for m = 2, it can be observed that this scenario is superior
by about 0.5 — 1 dB to the Case Il and 1.5 — 2.5 dB to
Case I. Similarly, it can be seen from Fig. 7 that this scenario
show minimum outage probability w.r.t all other scenarios in
Case Il and Case I forK =1, 5.

C. ERGODIC CAPACITY VS RELAY LOCATION

Fig. 8 and Fig. 9 illustrate the achievable ergodic capacity
over Rician K = 5 and Nakagami m = 2 respectively
as a function of the Eb/Ny with number of paths (Relays)
L = 1,2. It can be seen from the Fig.8 that the ergodic
capacity of the STANC system increases as the relays moves
from source terminal to destination terminal and the maxi-
mum achievable ergodic capacity was attained when both the
relays are near to the destination. Similarly the figure shows
the minimum ergodic capacity when the relays are located
near the source terminal. This is because of the increased
path loss of relay— destination link. Fig. 9 present the
3-dimensional view where the minimum ergodic capacity
values are obtained at the corners and particularly when the
relays are nearby the source terminal. There is non- sym-
metrical characteristic with respect to the location of relays;
therefore it is not necessary the same ergodic capacity if the
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Ergodic Capacity

FIGURE 9. Ergodic capacity Vs Relay positioning over Nakagami-m = 2
fading channels with L = 2 and SNR = 10.

location of the relays swapped. Moreover, we observe that
more ergodic capacity is highly probable when the relays are
closer to destination terminal stemming from the fact that the
path loss of relays— destination link become less.

VII. CONCLUSION

The performance of the proposed network coding strategy
for IoT applications is validated through analytical analysis,
by deriving the mathematical expressions for error and outage
probability. Similarly, the approximate closed-form expres-
sion of ergodic capacity is obtained by using the derived
mean and second moment. The received signal envelope is
modelled as Rayleigh, nakagami and Rician random variable
which incorporate the real propagation scenarios such as
densely populated with severe multipath fading, moderate
multipath scenario with less scattering, line of sight propa-
gation multipath scattering, and path loss for smart devices
network in wireless medium.

Analytical results proved that the derived numerical
expressions are simple, efficient and can be used in any SNR
regime and by changing different parameters of interest. It is
evident from the analytical results that STANC system with
the implementation of diversity combination shows a signif-
icant performance improvement as compare to conventional
network coding such as ANC or PNC.

On the other hand, the number of relays and its loca-
tion, both plays a vital role on the system performance.
The analytical analysis from different scenarios of relay
deployment shows that the performance of such system suf-
fers if the relays are placed near the source, because path loss
between relay to destination terminal is close to that between
sources to destination and therefore spectrum efficiency suf-
fers. In this scenario, the overall performance depends on that
of the relay to destination link. As location of relay is moved
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towards destination, system performance again suffers. This
is due to large path-loss, resulting in poor received SNR at
the relay. Under such conditions, increasing number of relays
improves the system performance.

Significant research contribution of this research work
is the design of an innovative network coding scheme,
i.e. STANC, that can significantly improve the system. The
proposed design is validated through analytical expressions
under different fading environments that are faced by IoT
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