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ABSTRACT

This study proposes a new method of achieving geographic variety using cooperative relays in
conjunction with IDMA to produce dispersed beams. Throughput in wireless networks is
something that can perhaps be improved with this combo. The suggested concept requires a two-
pronged approach to communication. Initially, users would communicate their information to
relaying, that will amplify the data and deliver it to the desired place. IDMA is a well-known
NOMA technique that may reduce the effects of MAI at both relay and end nodes. This interference
might happen at any of these two nodes. To maintain the final destination’s QoS, the signal was
processed carefully at each relay. This research tries to find the optimal beam formation weights
by minimizing transmit power while keeping quality (as assessed by signal-to-noise ratio) high
(SINR). However, the power minimization problem is not a convex one, thus semi-definite
relaxation is used to transform it into a semi-definite programming (SDP) challenge, which may
then be solved using the standard SDP problem solver CVX. The mathematical analysis and
simulation experiment of the proposed technique show that performance may be enhanced as
determined by the bit error rate.
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1.0 Introduction

Two important limitations in wireless communication systems are congestion and signal withering.
Both may have a detrimental influence on the quality and dependability of wireless transmission.
Diversification is a common method for overcoming vulnerability to fading. Spatial diversity,
which makes use of many antennas, is one of the most common methods used in information
transfer to improve connection stability, throughput, and spectrum efficiency. However, the use of
spatial multiplexing is impractical in certain wireless networks, including mobile communication
(IDMA), because of the size of the devices involved. The idea of cooperative communication may
provide a workable answer to this issue. With cooperative communication, each node sends its own
data while simultaneously serving as a relay for other users. To connect all of the sources to their final
destinations, the relay nodes in this network must work together, thus the term "cooperative relay
networks" [1-2]. This relaying network is widely used to handle multipath fading scenarios due to its
ease of use, adequate performance, and the ability to extend the usable range by using many hops [3,
4].
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The nodes in a relay network exhibit a design that uses a transmission and receiving
beamformer to carry the signal strength from each origin to its destination network. In Fig. 1 we see
the fundamental node design of a cooperative relay network. 1. Decode and forward (DF),
amplification and forward (AF), compress and forward (CF), and cooperative collaboration are only a
few of the relay protocols that have been developed based on their relaying capabilities. Multiple
access interfering (MAI) may affect network performance [3—8], especially if there are a lot of signal
sources or relay nodes. Furthermore, in most relay networks, the channel access techniques are
orthogonal, which results in excess rate loss for a given number of users or relay nodes, and
inadequate use of time and frequency resources.

Interleave division multiple access (IDMA), a variant of the code division multiple access
(CDMA) technology, makes better use of both the available time and frequency bandwidth. In
addition, it has been suggested for usage in 5G communication as a NOMA (non-orthogonal multiple-
access) technique that uses a shared coding domain. Academics have paid a lot of effort to studying
collaboration in the CDMA scheme. The study [10] describes asynchronous cooperative CDMA and
evaluates its performance with regard to the likelihood of outages. It should also be noted that [xx]
provides a discussion of the MIMO cooperative CDMA. However, prior study has shown that IDMA
is superior than CDMA and a large NOMA scheme. In order to boost the system’s efficiency, this
study employs IDMA’s benefits and the cooperation of relays [9-12].

Figure 1: Cooperative Relay Networks’ Basic Design
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2.0 Framework for System Modeling

A wirelessly relaying system is assumed to include Ny sources, N; relays, and Ny destination
nodes. Due to factors including route loss and severe shadowing, it is often impossible for two nodes
to establish a direct connection, even when using a single channel at both ends. After the data has
been distributed and interleaved, it is transferred from the source node to the relays, which are AF
relays, and from there it is amplified and sent on to the destination address [4, 5] and [13-16]. At the
1th relay in a terms of timing, the received signal is defined as

X, (t) = XNE, hy 1S TTk(E) + ni(t) (1)

For each given pair of sources and relays, we have a complex channel coefficient hkl where
Sk is the source signal with transmit power E|Sk[*. If Ac is the spread coefficient and user particular

ran- document object model interleaver is employed at the source, the [1k(t) may be stated as [9, 13,
18-20].
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Figure 2: IDMA Networks for Cooperative Relay Communication
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IDMA is one solution for uplink channels with many users. As can be seen in Fig. 1, the
system has K sources, M relays, and a destination. Assuming each terminal only has a single antenna,
and that the relays are connected to the final destination through a perfectly quiet route, the relays will
just serve to amplify the received signals.

After the first step, the signal received at the destination may be expressed as
() = Z£=1 hSik Ripxk(j) + 1y (2) (2
In this case, the channel coefficient between the kth source and the mth relay (hSiR,,) is a

random variable, and n,(j) is a sample of an AWGN processes with zero mean and variance ¢,,% per
dimension.

3.0 Optimal Relay Beforming

The goal of this subsection is to build a relay structure and processes by reducing the power
transfer from relays in an IDMA network [4, 18-25], all the while ensuring that the signal-to-noise
ratio (SNR), which is a measure of QoS, remains above a threshold value. The optimization problem
may therefore be expressed as

min PRT st T’k > ¢th ...03

As shown above, the relay precoding matrix optimization process is already quite nonconvex
(with the source precoding matrix held constant). An additional auxiliary vector vector has been used
to provide yet another alternate optimization for this process. The the sum-rate maximizing or sum
MMSE minimization under the sum-power constraints is recast as an unconstrained optimization
involving highly nonlinear functions and is then applied using the gradient technique. This is
conducted by first bringing the powers produced by the origin and relay back to normal.

4.0 Simulation Results

The efficiency of the proposed strategy is shown by numerical examples. For the sake of the
experiments, the noise strength at the relay and target nodes has been fixed at 0 dB W. Similarly to
this, the thresholds SINR at each node is considered to be k =, k = 1, 2, 3, and so on; more precisely,
the noise figure at relay and destination nodes is taken to be the same. ie 62 . The network parameters
at the relays and target nodes are known in the first modeled experiment. Spreading parameter SL = 4
and the final destination nodes. For IDMA networks, a random interleaving technique is utilized.
Figure 3 depicts the least relay power in relation to the required SINR threshold and exhibits the
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simulation result for N = 4, 5 (number of relays) (number of relays). The simulation experiment made
it obvious that the minimal power required grows as the source increases, and therefore adding
additional sources or destinations decreases the rank one solution.

The contrast between a cooperation and a disagreeable communication method has been
offered in the subsequent simulation experiment, as depicted in Fig. 4. Results demonstrate that the
BER performance of the system utilising cooperative communication is slightly better or near to the
theoretical performance of the uncooperative scheme when the data length 105 and AWGN channel
are taken into consideration. The recommended scheme’s symbol error rate performance is
demonstrated in Fig. 5 of the simulation experiment that follows. It can be concluded that for a
component comprises relay transmit power, the BER is minimized as SINR grows when the QPSK
modulation and data length 105 are applied. There is a total of 20 dB of noise power in play here, 10
dB in the uplink (from the origin to the relay) and 10 dB in the downstream (from the relay to the
destination).

Figure 3: (a) Normalized Average Minimum Relay Transmit Power versus SINR Threshold v,
for Different Values of n, 62 = 10 dB, (b) BER versus SINR (db) for Cooperative and
Uncooperative Communication Scheme with Noise Power 62 =10 dB
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5.0 Conclusion

A innovative strategy of bittorrent communications and beamforming weighting is obtained
utilizing IDMA network. In addition, the challenge of minimizing the power used by relays has been
described as a problem of optimization. Information is sent from the relay to the target node using the
smallest amount of electricity possible. Bit error rate simulation results have definitively shown the
superiority of the suggested approach over the alternative. Inside this work all relays including
destination node contains one antenna frame work. However MIMO framework model and attainable
rate assessment of the suggested method might be treated as future work.
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