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Abstract:

With increasing number of users and multimedia applications, bandwidth efficiency in cellular networks has become a critical aspect for system design. Bandwidth
is a vital resource shared by wireless networks. Hence it’s in critical to enhance bandwidth efficiency. Orthogonal Frequency Division Multiplexing (OFDM) and
Non-Orthogonal Multiple access (NOMA) have been the leading contenders for modern wireless networks. NOMA is a technique in which multiple user’s data is
separated in the power domain. A typical cellular system generally has the capability of automatic fallback or handover. In such cases, there can be a switching
from one of the technologies to another parallel or co-existing technology in case of changes in system parameters such as Bit Error Rate (BER). In the proposed
approach NOMA with successive interference cancellation is proposed. Moreover a handover between NOMA and OFDM has been designed with automatic
fallback enabled receivers. The condition for switching or handover has been chosen as the BER of the system. A comparative analysis with existing work indicates
that the proposed scheme outperforms the existing techniques in terms of SNR requirement thereby making the system more practically useful for fading channel
conditions.
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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]. A typical cellular system generally has the capability of adaptive fallback or automatic fallback. In such cases, there can be a switching from one of
the technologies to another parallel or co-existing technology in case of changes in system parameters such as Bit Error Rate (BER), outage, level crossing
rate etc. NOMA and OFDM can be shown to co-exist in case they can share similar bandwidth parameters and have a comparative BER performance
over the SNR range chosen so that automatic fallback or handover is not a problem.

Fig.1 Spectrum of FDM, OFDM and NOMA

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 Non-
Orthogonal Multiple Access (NOMA) is depicted in figure 1.1t can be observed from figure 1 that there is a large amount of bandwidth saving in case of
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using NOMA as compared with FDM and OFDM. A composite signal is however received at the receiving end of the cellular network which needs to
separate out the signals. Considering x(t) be the transmitted signal, If N co-efficients are represented by A;, A;, As, Ad...Ay and the strength of the
reflections is aj, &, as,.. , an then the weighted received signal y(t) is given by:

y() =ax(t)+ax(t—A)+ ... aNx(t — Ayy +n(t) (1)

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:
y(kT,) = a,u(kT,) + a,u(k,Ty) + -+ ayu(k —n)Ty + n(kTy) 2)

Equation (2) assumes that the signal is sampled for every T, time slot. The composite signal at the receiver needs to be separated in such a way that all
users are detected with identical accuracy [5]. The metric which is generally considered to evaluate the performance of the system is the error rate. One
of the major challenges which the NOMA based transmission faces is the reduction is power separation among signals due to fading and noise effects[6].

2. The Successive Signal Detection Approach

Typically, a wireless channel 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. The conceptual model for successive signal detection.

Where in Figure 2, KTs: It is the sampling block which samples the signal every KTs seconds, C: It is the canceller block, Dec(c): It is the decoder block.
The successive signal detection mechanism is an iterative algorithm for the separation of signals in the power domain. In this process, a multi-level
comparison is made and the strongest signal is detected, stored and cancelled out from the composite signal. The detection starts with the strongest
component and continues up to the weakest component. Since different paths have different gains given by (g), the received composite NOMA signal
can be given by:

() = x,(8) g1 + x2(8) gz + .. X, () g ®3)

Here in equation (3), y(t) is the received composite NOMA signal, x,,(t)g,, is the product of ‘nth’ transmitted signal with ‘nth” path gain. Typically the
following cases would arise: Near Users: The signals with the maximum path gains. Average Users: The signals with intermediate or average path gains.
Far Users: The signals who have the least path gain. The different path gains actually arise out of the difference in the path lengths of the different users
located at different locations in the cellular network [9]-[10]. The successive cancellation approach helps to detect the multiple signals separated in the
power domain [11].

3. The Proposed System

The signals travelling through a wireless channel undergo the following detrimental effects: Multipath Propagation and Noise effetcs. Multipath
propagation makes the channel impulse response a weighted sum of impulses and also results in the interference effects at the receiving end [12]-[13].
The following composite impulse response can be considered for such a wireless channel:
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Fig. 3. Weighted impulse response of the channel
Mathematically, the composite impulse response of the channel can be given by:
h(t) = I, 8(t - itg) @
Here in Equation (4), h(t) is the composite channel response, & represents the impulse function, g; is the weight or gain of the ‘ith’ path
7 is the delay in arrival of successive wave clusters due to multi-path propagation, and n is the total number of impulses.
The noise effects are considered to be Gaussian with a constant two-sided power spectral density (psd) given by:
PSdyosse = 2V f:bandwidth (5)

Here, in Equation (5), psd stands for the power spectral density, f stands for the frequency metric, N, is the one sided noise psd. The equalizer tries to
nullify the effects of multi path propagation and noise effects. The equalization relies on the channel state information yielding the channel response (H).
After obtaining the channel response (H), the inverse block is designed which is given in equation (6).

E=1 ®)

Here, in equation (6), E is the equalizer response, H is the sensed channel response, and the decision feedback equalizer (DFE) is employed in this
approach which is depicted in figure 4.

The decision feedback equalizer adjusts the tap weights of the filter based on the actuating or error signal that is generated on comparing the dummy data
transmitted and its copy received at the receiving end. The filter weights are updated every T, seconds. In general, the sampling time of the receiver
employing successive signal detection and that of the decision feedback equalizer are kept identical. Finally, the detection of the signals at the receiving
end is done based on the following conditions:

Yo (Ty) = ?=1Xn(Ts) ()]

Here, in equation (7), Y;, is the composite received signal, X,, represents the individual signals and T, is the sampling time. The signals are detected from
strongest to weakest as:

Vi = max(¥,(Ty)
®)

Thus 1y, is the strongest signal detected. It is stored and cancelled from the composite signal.

yl :Yn(Ts)_yk (9)
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Fig. 4. Decision Feedback Equalizer [14]
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Here, in equation (9), y* denotes the cancellation of the strongest after the first iteration. This process is continued iteratively till all the signals are
detected. Typically, even with the use of equalizers and inter-leavers, noise effects cannot be mitigated completely. They act as reduction mechanisms.
Signal fading effects result in outages and poor quality of service. Hence alternatives to restore quality of service are sought. One of the most effective
techniques is the use of handover [15]. Vertical handovers refer to the automatic fall-over from one technology to another in order to maintain
communication. In cellular communication, candidates with similar QoS performance can be considered for handover. As far as 5G and onward
technologies are concerned, OFDM and NOMA are suitable candidates due to their high spectral efficiency. In case NOMA is the preferred candidate,
an automatic fall back candidate can be considered to be OFDM. However, the choice of candidates to implement handover should satisfy the conditions
of co-existence [16]. Showing that an identical SNR-BER curve can be achieved using OFDM and NOMA, thereby can justify co-existence of NOMA-
OFDM for a cellular network which can lead to a possible vertical handover in case of system requirements. Non-identical BER performance in the SNR
range would mean different characteristics for NOMA and OFDM thereby hindering handover. Based on the Automatic Fallback approach, choose the
system BER as the metric to decide upon handover. The system should ideally be designed for a near and far user case depicted in figure 5.
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Fig. 5. The near and far user scenario in a wireless network

The near and far user scenario is differentiated by the path loss factor o, where higher value of the path loss factor results in higher signal degradation
and higher BER.The received signal at the receiver can represented as [17]:

T = XohoVoy/Prxo + Xi=1 XihiViy/Prx (10)

Here, in equation (10), X is the interfering signal, h is the channel gain, y is the lognormal shadowing effect, Py is the transmitted power, ‘n’ is the
number of interferers. Typically, h is Raleigh distributed, in the dB domain, its Gamma distributed .y is lognormal distributed, The subscript ‘0’ represents
the actual signal, The subscripts ‘i’ represent the set of interferers.

XohoYo+/Prx,0 and X;h;y;/ Pry typically add up to a lognormal distributed
Random Variable. Hence the SNR can be easily computed. The correctness of signal reception depends on the following relation:
P(Powergy = v) (11)

Here, in equation (11), P represents the probability, Powergy represents the received power, y is the receiver threshold for reception (analogous to
sensitivity). Typically, the OFDM/NOMA receiver would experience higher values of Poweryy for near users compared to far users, but it would notbe
constant due to channel and interference conditions. Hence, the decision to use a particular multiple access technique can notbe based on distance alone
[18]. The proposed automatic fallback receiver is depicted in figure 6.
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Fig. 6. The proposed system to implement automatic fallback between NOMA and OFDM

The automatic fallback mechanism estimates the BER of the system for both the competing techniques which are OFDM and NOMA and switches at the
threshold of intersection of the NOMA-BER curves. The technique chosen is the one with the lesser BER.

4. Simulation Results and analysis

The simulations are carried out on Matlab R2013a. The multipath scenario is created with different paths corresponding to different path gains. It is
assumed that the far users from the base station have the least path gain due to signal attenuation while the near users have the maximum path gain. The
simulations are carried out for three cases. Such as: Strongest User without proposed system, Average User without proposed system, Average User witht
proposed system, Weak User without proposed system and Weak user with proposed system.

It can be observed that without the proposed system, the BER of the strongest user falls steely while that for the average and far users fall slowly. This
implies that the near users or the users with maximum path gain can be detected with maximum accuracy and the signal of the rest of the users would
bear more errors. However, with the proposed approach, the BER curves of all the users coincide thereby rendering the condition of ideal error rate and
reliability of detection for all user cases.

Table 1: Performance Analysis of Proposed System and Conventional NOMA

S.No. BER SNR Range Case

1 10? 0dB Strongest User

2 10? 0dB Weakest User without Proposed System
3 1071 0dB Weakest User with Proposed System

4 10? 0dB Average User without Proposed System
5 10* 0dB Average User with Proposed System

6 102 4dB Strongest User

7 102 10dB Weakest User without Proposed System
8 1072 4dB Weakest User with Proposed System

9 102 8dB Average User without Proposed System
10 102 4dB Average User with Proposed System

11 103 7dB Strongest User

12 103 N.A. Weakest User without Proposed System
13 1078 7dB Weakest User with Proposed System
14 103 11dB Average User without Proposed System
15 103 7dB Average User with Proposed System
16 10+ 8.2dB Strongest User

17 10* N.A. Weakest User without Proposed System
18 10 8.4dB Weakest User with Proposed System
19 10* N.A. Average User without Proposed System
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20 10* 8.2dB Average User with Proposed System

21 10% 8.7dB Strongest User

22 10° N.A. Weakest User without Proposed System
23 1075 10dB Weakest User with Proposed System
24 10° N.A. Average User without Proposed System
25 10° 10dB Average User with Proposed System

The BER curves for the different conditions tabulated in Table 1 are shown subsequently.
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Fig. 7. Strongest user without proposed system

Figure 7 depicts the BER performance of the strongest or the nearest user from the base station. This line of propagation encounters the least attenuation
among all multi path components.
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Fig. 8. BER Analysis for Average User without proposed system. Fig. 9. BER Analysis of Weakest User without proposed system.

Figure 8 depicts the BER performance of the average user from the base station. This multipath component encounters moderate attenuation. Figure 9
depicts the BER performance of the weakest user from the base station. This multipath component encounters the maximum attenuation. While figures
7, 8 and 9 depict the BER scenario for the multipath component mechanism scenario for conventional NOMA i.e. without the proposed system. figures
10 and 11 depict the BER scenario while employing the proposed NOMA detection mechanism. Figure 10 depicts the BER performance of the proposed
system for the weakest user scenario. In contrast to the weakest user scenario without the proposed system, here the BER of the system falls steeply and
becomes almost identical to the strongest user. Figure 11 depicts the BER performance of the proposed system for the average user scenario. In contrast
to the average user scenario without the proposed system, here the BER of the system again falls steeply and becomes almost identical to the strongest
user resembling the BER situation for the weakest user.
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Fig. 10. BER Analysis of Weakest User with proposed system. Fig. 11. BER Analysis of Average User with proposed system.

A comparative BER analysis for the different conditions is depicted in figure 10. The simulation of BER has been operated for 107 to 10°.

5. Conclusion

This paper presents an automatic fallback mechanism for handover in wireless networks to implement vertical handover. The proposed technique is
designed to minimize outages for fast fading channels. A practical multi user scenario is simulatedfor the proposed system with multi path propagation
resulting in weighted impulse response model for the channel. The additional challenge addressed in this paper is the degradation of the BER of the
system as the channel gain reduces with the distance of the user form the base station. A decision feedback equalization mechanism is employed to
alleviate the non-ideal characteristics of the channel. It has been shown that in case of non-intersecting BER curves, the condition remains to be that of
non-handover since one of the techniques for transmission continuously outperforms the other in terms of the performance metric (BER). In case of
handover, concurrent BER curves for OFDM and NOMA intersect to create a point of intersection. The region prior to and subsequent to the intersection
point govern the technology to be used. It has also been shown that the proposed technique outperforms existing approaches in the domain.
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