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ABSTRACT

Internet of Things (loT) is an ecosystem of connected
physical objects such as sensors, wvehicles, electronic
equipment's etc. that are accessible through the internet. With
increasing number of users, large data being generated and
limited bandwidth available for loT macro-cells, efficient
multiplexing techniques are needed that use the available
bandwidth efficiently. Non-Orthogonal Multiple access is a
technique in which multiple users data is separated in the
power domain and it is one of the most effective multiplexing
techniques. The major challenges with NOMA based loT
networks are decreasing throughput with increasing path loss
factor, increase in throughput with increased power levels but
reduced battery life of loTDs and BER degradation for far or
weak users. In the proposed approach NOMA along with
successive interference cancellation and zero forcing
equalization is proposed. It has been shown that proposed
approach attains higher throughput compared to existing
techniques and a very low BER value.
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1. INTRODUCTION

With the advent of digital transmission, there has been a
continuous search for effective multiplexing techniques.
Different multiplexing techniques try to separate signals in
different domains. For example, frequency division
multiplexing (FDM) separates the signals in the frequency
domain [1]-[2]. A more advanced version of the frequency
division multiplexing is the orthogonal frequency division
multiplexing (OFDM) in which the bandwidth efficiency is
higher than FDM due to the condition of orthogonality [2].
However, OFDM has its own challenges such as the inherent
high peak to average power ratio (PAPR) and complexity in
maintaining orthogonality among user signals. Another
alternative is the time division multiplexing technique which
as popular in second generation networks, with user signals
being separated in the time domain. Off late, Non-Orthogonal
Multiple Access (NOMA) has emerged as a promising
multiplexing technique for wireless communications in which
the bandwidth efficiency is much higher compared to OFDM
[3]. In case of NOMA, signals are separated in the power
domain. This necessitates the user signals to bear stark
difference in power levels so that even while transmitting at
the same frequency band and at same time slots, the
separation among different signals can be accomplished [4].
The concept of 10T is depicted in figure 1.
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Fig 1: Applications of Supply Chain Management

Considering x(t) be thetransmitted signal, If N co-
efficients are represented by A1,A2, A3, A4..ANand the
strength of the reflections is a1, a2,a3,.. , aNthen the
weighted received signaly(t) is given by:

y(t)=a1(t)ta2x(t-A)+ ... aNx(t-AN)+
® @
Here,

n(t) represents additive interferences or noise effects.
Generally, the transmission channel is typically modeled
digitally assuming a fixed sampling period Ts.,thus equation
(1) can be approximated as:

(kTs)=a1(kTs)+agu(k1Ts) + --anu(k—n)Ts+
(kTs) @
Equation (2) assumes that the signal is sampled for every
Tstime slot. The composite signal at the receiver needs to be
separated in such away that all users are detected with
identical accuracy[5].

2. RECEPTION OF IoT-NOMA

Typically, wireless channels depicts frequency selective
nature i.e. they behave differently for different frequencies.
Moreover, the frequency selectivity is not fixed by also
exhibits temporal variation [8]. This is depicted in figure 2.
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Fig 2: SIC Detection Mechanism

In light of the explained approach, it is necessary to derive its
mathematical formulation which is given below [5]:
a) Individual signal strength of each MPC be given by:

Si = gi\/Fi - (3)
Where S represents i" MPC powver,
‘g’ represents gain of the i path
P represents the power of the i"" MPC

b) The cross correlation of the spreading function
applied on the data stream:
Spreading Function = R;,j(k)

(c) The noise statistics for the k™ sample

i.e. ni(k)
Thus the different MPCs corresponding to paths can be
mathematically written

Iy = Rk' D. Sk + ny - (4)

Where D represents the signal strength matrix corresponding
to different MPCs given by:

Si = gi\/Fi - (5)

The proposed algorithm can be explained as: Let the various

MPC strengths be:

S1.G1, S2.G, S3.Gguvvivirie Sn.Gn

It can be observed that the signal power of transmitter is

multiplied with the corresponding channel gain where the

channel gain for different MPCs varies due to frequency

selectivity of the channel [6]. Considering that we have the

information about the signal strengths given by equation [7]:
P1g12 > Pzgzz S e e e e PMgMZ (6)

We decide the strongest among all the received user MPCs.
2. Detect the k"strongest MPC among all the signals using
the following equation[8]:

Si=dec(P,Gy)" ’ (M

3. Cancel the first strongest MPC interference at the receiver
end according to the equation:

¥y =yl — gePeR, eSS - ®)

Here we subtract the interference from the strongest
interfering signal from each signal received at the receiver
using the Decision Feedback actuating Signal e(k)S®

International Journal of Computer Applications (0975 — 8887)
Volume 184 — No.11, May 2022

4. let k=1, and repeat the above process for all the received
signals up to k=M

Plot the BER performance for the proposed system for the
following cases [9]:

a) When there is only one signal travelling from
transmitter to receiver

b)  When multiple signals with multiple run lengths are
travelling from transmitter to receiver.

c) MPC governed BER without proposed system

d) MPC governed BER with proposed system.

The system is said to exhibit equalizing effects only if the
MPC governed BER performance matches to a large extent
the one without multi path communication and hence no multi
path propagation [10].

3. PROPOSED METHODOLOGY

To circumvent the negative effects of the channel on the
composite NOMA signal, channel equalization is proposed.
The above cited approach uses decision feedback to cancel the
interference from symbols which have already have been
detected [11].
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Fig 3: Proposed SIC-Equalization Approach

Since the output of the feedback section of the equalizer is a
weighted sum of noise- free past decisions, the feedback
coefficients play no part in determining the noise power at the
equalizer output [12]-[13]. However, the equalizer can
compensate for amplitude distortion without as much noise
enhancement as a linear equalizer. The equalizer performance
is also less sensitive to the sampler phase [14].

The proposed approach uses the iterative signal detection an
cancellation. In this approach the following points are critica
[15]I:

1) NOMA relies on separating the signals in the power
domain [16].

2) Itis difficult to detect weak signals in the presence
of strong signals.

3) It is difficult to maintain the exact power level
difference among the different signals due to the
non-ideal nature of the channel and multi path
propagation and fading [17].

4) It is necessary to detect the signals with all signal



strengths with equal error performance to maintain
satisfactory quality of service [18].

To detect the signals in the power domain (for NOMA), the
successive signal detectioOn needs to be applied. In this case
the signal which is the strongest is to be detected first, then
cancelled after detection. The process is to be followed from
the strongest to the weakest signals. The BER is then
computed for the different users with varying signal strengths
arriving at the receiver.

4. RESULTS AND DISCUSSIONS
The simulation has been run for 10 million bits with packet
size of 32 bits for the 10T system, on MATLAB 2020a.
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Fig 3: BER analysis of weakest user without proposed
System
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Fig 4: BER analysis of average user without proposed
System
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Fig 5: Comparative BER analysis for the proposed system

A comparative analysis of the system BER is depicted in table

1.
Table 1: Comparative BER Analysis
BER SNR Case
Range
107 0dB | Strongest User
107 0dB Weakest User without Proposed
1071 0dB Weakest User with Proposed
10 0dB Average User without Proposed
10 0dB Average User with Proposed System
107 4dB | Strongest User
107 10dB Weakest User without Proposed
107 4dB Weakest User with Proposed
102 8dB Average User without Proposed
10° 4dB Average User with Proposed System
107 7dB | Strongest User
10° N.A. Weakest User without Proposed
1073 7dB Weakest User with Proposed
10° 11dB Average User without Proposed
10° 7dB Average User with Proposed System
10" 8.2dB | Strongest User
107 N.A. Weakest User without Proposed
1077 8.4dB | Weakest User with Proposed
107 N.A. Average User without Proposed
107 8.2dB | Average User with Proposed System
10° 8.7dB | Strongest User
10° N.A. Weakest User without Proposed
107° 10dB Weakest User with Proposed
10° N.A. Average User without Proposed
10° 10dB Average User with Proposed System
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Here e denotes the path loss co-efficient. Higher value of path
loss co-efficient results in higher fading and lesser
throughput.Here ‘qu’ denotes the power value to balance
decoding complexity. Higher values of qu would result in
increased throughput but would also result in higher power
consumption and lesser battery life of 10TDs.Typically, as the
throughput increase, the data which is shared also increase
with respect to time, which increases the system outage. Here
‘P’ denotes the transmitted power. Higher values of P would
result in increased throughput by increasing the SNR, but
would also result in lesser battery life of 10TDs.

Moreover, increasing the power after a point saturates the
throughput i.e. the throughput CAN NOT be increased any
further even by increasing power levels due to the limitations
of the system in terms of capacity w.r.t. bandwidth.

5. CONCLUSION

It can be concluded from previous discussions that loT
networks suffer from limitations in throughput and
degradation in system BER. Massive loT clusters share
common resources such as bandwidth which is limited and
needs to be utilized effectively. Hence in this approach, non-
orthogonal multiple access (NOMA) based 10T macro-cells
are designed with an aim to effectively utilize the bandwidth.
The proposed system uses the successive interference
cancellation (SIC) algorithm along with the zero forcing
equalization mechanism to effectively decide the data of near
as well as far users corresponding to weak and strong power
levels. The throughput is computed with respect to the
transmitted power, the available bandwidth at the macro-cells
and the outage probability at the macro-cells. The BER is
computed for weak, strong and average user scenarios in the
macro-cells. It has been shown that the proposed system
achieves very low BER values and outperforms the existing
work [1] in terms of the system throughput. to attain higher
accuracy compared to existing systems.

Future enhancements in the proposed work can done in the
following domains:

e Analysis and increasing the network lifetime by
design of effective clustering algorithms.

e Designing a Switching Mechanism between
networks such as NOMA, WiMax etc. in case one
of the systems experience high outage.

6. REFERENCES

[1] L Xu, W Yin, X Zhang, Y Yang, “Fairness-Aware
Throughput Maximization over Cognitive Heterogeneous
NOMA Networks for Industrial Cognitive 1oT”, IEEE
2020

[2] Xiaojuan Zhao, Shouyi Yang, Aihua Zhang, Xiaoyu Li,
“A Compressive Sensing Based Multi-user Detection
Algorithm for SIMO-NOMA Systems”, IEEE 2018

[3] B Wang, L Dai, Y Zhang, T Mir, “Dynamic compressive
sensing-based multi-user detection for uplink grant-free
NOMA?”, Vol-20, Issue-11, IEEE 2016

[4] T Choi, ] Mo, RW Heath, “Near maximum-likelihood
detector and channel estimator for uplink multiuser
massive MIMO systems with one-bit ADCs”, Vol-64,
Issue-5, IEEE Xplore- 2016

[5] Maha Alodeh ; Symeon Chatzinotas ; Bjorn Ottersten,
“Energy-Efficient Symbol-Level Precoding in Multiuser
MISO Based on Relaxed Detection Region”, Vol-15,



Issue-5, IEEE Xplore- 2016

[6] Fabian Monsees ; Matthias Woltering ;  Carsten
Bockelmann ; Armin Dekorsy, “Compressive Sensing
Multi-User Detection for Multicarrier Systems in
Sporadic Machine Type Communication”, IEEE 2015

[7]1 Bichai Wang ; Linglong Dai ; Yifei Yuan; Zhaocheng
Wang, “Compressive Sensing Based Multi-User
Detection for Uplink Grant-Free Non-Orthogonal
Multiple Access”, IEEE-Xplore 2015

[8] S Wang, Y Li, ] Wang, “Multiuser detection in massive
spatial modulation MIMO with low-resolution ADCs”,
IEEE Transactions on Wireless Communication, Vol-14,
Issue-4,available at IEEE Xplore, IEEE 2015

[9] S Narayanan, MJ Chaudhry, A Stavridis, “Multi-user
spatial modulation MIMO”, Proceedings of Wireless
Communications and Networking Conference (WCNC),
available at IEEE Xplore, IEEE 2014

[10] P Botsinis, D Alanis, SX Ng, LLCSO Hanzo, “Quantum-
Assisted Multi-User Detection for Direct-Sequence
Spreading and Slow Subcarrier-Hopping Aided SDMA-
OFDM Systems”, IEEE 2014

[11] A Mukherjee, SAA Fakoorian, J Huang, “Principles of
physical layer security in multiuser wireless networks: A
survey”, Vol-16, Issue-3, IEEE 2014.

[12] Y. Cai, Z. Qin, F. Cui, G. Y. Li and J. A. McCann,
"Modulation and Multiple Access for 5G Networks," in

[JCA™ : www.ijcaonline.org

International Journal of Computer Applications (0975 — 8887)
Volume 184 — No.11, May 2022

IEEE Communications Surveys & Tutorials, vol. 20, no.
1, pp. 629-646, Firstquarter 2018.

[13] G. Nain, S. S. Das and A. Chatterjee, "Low Complexity
User Selection With Optimal Power Allocation in
Downlink NOMA," in IEEE Wireless Communications
Letters, vol. 7, no. 2, pp. 158-161, April 2018.

[14] D Tse & P Viswanath, Fundamentals of Wireless
Communication, 2004 (Book)

[15] J. Guerreiro, R. Dinis, P. Montezuma and M. Campos,
"On the Receiver Design for Nonlinear NOMA-OFDM
Systems,” 2020 IEEE 91st Vehicular Technology
Conference (VTC2020-Spring), 2020, pp. 1-6.

[16] A Al Khansa, X Chen, Y Yin, G Gui, H Sari.,
Performance analysis of Power-Domain NOMA and
NOMA-2000 on AWGN and Rayleigh fading channels,
Journal of Physical Communication, Elsevier 2020,
vol.43, 101185.

[17] H. Yoo, M. Lee, T. H. Hong and Y. S. Cho, "A Preamble
Design Technique for Efficient Handover in IEEE
802.16 OFDM-Based Mobile Mesh Networks," in IEEE
Transactions on Vehicular Technology, vol. 62, no. 1,
pp. 460-465, Jan. 2013.

[18] D. Zhang, Y. Zhou, X. Lan, Y. Zhang and X. Fu, "AHT:
Application-Based Handover Triggering for Saving
Energy in Cellular Networks," 2018 15th Annual IEEE
International Conference on Sensing, Communication,
and Networking (SECON), 2018, pp. 1-9.



