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Abstract: In this paper, the resource allocation problem for user pairing (UP) in downlink non-orthogonal multiple access (NOMA) systems is investigated. NOMA allows the use of one subcarrier for more than one user at the same time, thus increases the total capacity of the wireless communication system. However, users pairing is a challenging task in the NOMA systems, because a good channel quality subcarrier should be selected and allocated for the user to enhance the performance of NOMA systems. The proposed UP algorithm aims to enhance the sum rate of the paired users per subcarrier and consequently enhance the total sum rate of downlink NOMA systems. Moreover, the proposed UP algorithm target to improve the fairness of the users. The proposed UP algorithm is based on a simple search for the subcarrier with the minimum average channel gains to be assigned its paired users and then excluding it from the next searching process. The proposed scheme ensures the higher channel gain for users by giving the priority to the subcarrier with the minimum average channel gains during the user pairing process. The simulation results demonstrate that the proposed UP algorithm can not only enhance the total sum rate compared with the random UP and conventional UP but also can enhance the fairness of the users. Moreover, it is clearly seen that the proposed UP algorithm provides the lowest outage probability.
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1  Introduction

The ongoing exciting development of smartphones and tablets has led these devices to play a crucial role in our daily lives. Thanks to a handful of services and applications offered in these devices, phone calls are no longer the sole application. Applications like watching the television, playing online video games, and taking part in online classes can be executed effectively through our smartphones. These increments in remote gadgets coupled with a fast insurgency in mixed media applications are changing the nature of wireless communication activity by increasingly requesting high data rates. Moreover, the growing importance of the Internet of Things (IoT) acquaints the need to associate each individual and each item [1]. Future radio access is trending towards developing 5G technology to satisfy those mentioned above and inconceivably high client information rates and system capacity requirements [2].

One of the wireless networking techniques, multiple access, has a major influence on the use of the existing spectrum resources, system latency, and throughput. Multiple access signifies a strategy where a wireless channel is shared by numerous users to create a communication connection with a base station (BS) in the form of cellular radio. In an orthogonal multiple access (OMA) scheme, the clients access the resources symmetrical in nature, and the clients do not meddle with each other while they share the correspondence resource [3]. The minimal complexity and consequently the reduced implementation cost of receiver devices are the main advantages of exploiting OMA. On the other hand, the critical constraint of OMA is its strictly restricted ability to support many users or connections. As a result, spectral inefficiency will occur, and it would be impossible to endorse large-scale networking and IoT, both of which have been considered as the main features of 5G networks [4]. To overcome this limitation, NTT DoCoMo researchers innovated a new multiple access technique which is called non-orthogonal multiple access (NOMA), for the next generation (5G) mobile network [5]. NOMA is seen as one of the competitor access innovations for 5G remote portable correspondence to accomplish manifold capacity gains as a result of its high spectral efficiency [6]. NOMA allows multiple users with diverse channel conditions to share the same subcarrier, resulting in significant spectral efficiency improvements. Furthermore, NOMA can quickly support users with varying channel conditions, allowing it to meet the strict 5G criteria of ultra-high connectivity and ultra-low latency [7].

In this paper, the power-domain NOMA with respect to user pairing (UP) is being studied. Traditional power allocation (PA) strategies give clients with strong channel conditions more power. In contrast to these traditional schemes, the amount of power allocated to a user in power domain NOMA is set by its channel gain [8]; a user with a better channel condition is often given a lower power level. At the transmitter side, multiple users’ signals are superimposed, and at the receiver side, successive interference cancellation (SIC) is utilized to decode the signal information sequentially until the aspired user’s signal is attained [9]. The consumer with the stronger channel state, on the other hand, must first detect its partner’s message, then deduct this information from its observation, and lastly interpret its own data. SIC and user pairing (UP) has a major influence on NOMA performance [10].

This study endeavors to examine the problem of user pairing (UP) in a downlink NOMA framework. The remainder sections are arranged in the following manner. Section 2 is a survey of related works. The system model is covered in Section 3. In Section 4, the proposed user pairing algorithm. The simulation results are demonstrated in Section 5, and the conclusion is included in Section 6.

2  Related Works

The principles of power-domain NOMA in both uplink and downlink conditions with single and multiple antennas were discussed in [8]. The authors explored the fundamentals of code-domain NOMA thoroughly. In addition, the article address power allocation (PA), user pairing (UP), and cooperative NOMA, in their basic form. Various opportunities and difficulties regarding the compatibility of NOMA with heterogeneous networks were also examined. A methodical approach to the newly emerging NOMA technology is provided in [9], from its use in conjunction with multiple-input, multiple-output (MIMO) technologies to the interplay between NOMA and cognitive radio as well as cooperative NOMA. The article also explores the standardization efforts surrounding the deployment of NOMA in LTE and 5G networks.

In [11], a solution for combined PA and user selection in NOMA systems for Stackelberg game-based revenue maximization is explored. The Lagrange multiplier technique is used in the conversion of the revenue maximization problem, and a univariate iterative procedure is utilized to find the optimal solution. The algorithm exhibits low complexity, and to assess the performance degradation, an outage analysis is presented in the condition that CSI is not perfect. The authors of [12] examined the system-level performance of NOMA along with SIC technology on the receiver side. The article demonstrates that under multiple sets of configurations that NOMA outperforms OMA overall system performance. The comparison was over the key link adaptation functionalities that include hybrid automatic repeat request (HARQ), adaptive modulation and coding (AMC), time/frequency-domain scheduling, and functionalities unique to NOMA, such as dynamic multiuser PA.

Fair-NOMA is introduced in [13] in which each user is given a portion of the transmitted subcarrier power so that their capacity is always equal to or more than the capacity attained by OMA. It is demonstrated that the capacity of Fair-NOMA with K users can always be enhanced for each additional user to the network. For the downlink NOMA system, two subcarrier-user assignment algorithms (SUAAs) are presented in [14] to improve spectral efficiency, outage probability, fairness, and weak users’ data rate. Two types of SUAA are proposed SUAA. Regarding arrangement order in the first proposed SUAA, to prevent selecting a user who has the least channel gain with any subcarrier, begin with the worst subcarrier first (WSF). In the second proposed SUAA, arrangement order follows spectral efficiency maximization (SEM) and has high computational complexity. It is shown in the paper that the two advocated SUAAs can gain a tremendous boost in the spectral efficiency, outage probability, user fairness and, weak user data rate compared to the other SUAA algorithms.

With the goal to enhance the proportional fairness of the users in the NOMA uplink communication systems, UP and PA techniques that work together are suggested in [15]. The article explores two different scenarios, basic and complex. In the PA part, the near-optimal PA solution for each type of user pair can be obtained in a variety of methods. A probability-based Tabu search strategy is presented in the UP part of the basic scenario to figure out the near-optimal UP solution. In the complex scenario, the optimization problem in PA part is a stochastic programming problem with an outage rate constraint. A particle swarm optimization technique based on prediction is utilized to provide a solution to the stochastic programming problem.

A Power Allocation technique is introduced from information rate expression examination of NOMA [16]. NOMA users can get rates in the frequency domain schemes that are equal to or higher than those attained with Orthogonal Multiple Access (OMA) using this method. The results obtained from computer system-level simulations showed that the proposed technique boosts the mean cell spectral efficiency while maintaining a decent level of fairness in the distribution of resources across users within a cell.

In [17], the challenges of user scheduling and resource allocation for a NOMA downlink network that is characterized by a base station allocating spectrum and power assets to a number of users were investigated. The authors of the paper aimed to optimize both PA and sub-channel assignment in order to maximize the weighted total sum rate while also keeping user fairness in mind. A matching technique is devised for the sub-channel allocation problem that converges after a narrow number of iterations to a two-side exchange stable matching. A combined solution is proposed to work out the problems of PA and sub-channel assignment iteratively, and their results indicated that the suggested method outperforms the OMA scheme and prior NOMA schemes by a large margin.

The issue of dynamic power distribution in the multi-cell downlink networks, with each cell using NOMA based resource allocation, is studied in [18]. For users experiencing significant inter-cell interference (ICI), a coordinated multi-point (CoMP) transmission is used. CoMP transmission is used in the CoMP-NOMA architecture when a user is experiencing significant channel gain with several BSs. On the other hand, NOMA is used to schedule both non-CoMP and CoMP users across the same resources. The paper focuses on the joint transmission CoMP-NOMA (JT-CoMP-NOMA). For this paradigm, a distributed power optimization problem with an optimal solution independent of the solutions of other cooperating BSs is provided at each collaborating BS. The results show a remarkable hike in spectral and energy efficiency compared with conventional (CoMP-OMA) networks.

In [19], the authors have undertaken the task of data rates fairness maximization of various individual users in a multiuser NOMA system. First, they solved the problem for two-user scenarios, where the optimal PA is recovered through the Karush-Kuhn-Tucker (KKT) conditions, whilst the subgradient algorithm is utilized to give the solution of the dual problem. Next, they considered the general multiuser optimization problem in which, under NOMA transmission, the same channel is shared by more than two individual users. Sequential quadratic programming (SQP) was used to solve the nonconvex optimization set problem. It is observed that fairness improves as accessible transmit power increases and decreases as the number of users grows. What is more, it is observed when set side by side to the SQP-based method, power optimization using KKT conditions has a considerably reduced computing complexity.

The influence of PA in round-robin schedules utilizing NOMA systems is evaluated in [20]. Proportional fairness (PF) scheduling is suggested, with the target of providing high levels of throughput and user fairness while maintaining minimal computational complexity. Firstly, an optimal power distribution algorithm that maximizes the weighted sum rate is designed. Next, only a few user pairings are examined for NOMA multiplexing in three rapid and scalable scheduling and user pairing methods. The methods also analyze scenarios when channel state estimation is imprecise and greater than two users are multiplexed across a single resource block.

In [21], a particle swarm optimization (PSO) based NOMA PA technique is investigated. PSO is a solution-finding algorithm that starts with a random solution initially and works its way to the best possible solution through running multiple iterations. The simulation results indicate that using a PA method based on a PSO can markedly raise the system’s overall energy efficiency level. The effect of UP on the performance of fixed power allocated NOMA (F-NOMA) is characterized in [22], as well as a NOMA influenced by cognitive radio. The simulation results demonstrate that F-NOMA can provide a more significant sum-rate than that of OMA, and by choosing users whose channel states are more distinctive, F-NOMA’s performance gain over conventional MA can be further magnified. When it comes to CR-NOMA, due to the fact that the transmit power distributed to other users is limited based on the notion of cognitive radio networks, the quality of service (QoS) for users with the relatively lower quality channel state can be ensured. CR-NOMA prefers to match the user whose channel state is the best with the user whose channel state is the second-best, whilst the worst channel state possessing user is preferred to be matched to the best channel state possessing individual user by F-NOMA.

As the primary contribution, the authors of [23] analyzed the optimal PA in NOMA systems with a set of channel assignments over numerous channels and following various performance criteria. The authors considered as criteria the weighted sum-rate maximization, maximum fairness, optimization of energy efficiency with weights or QoS restrictions, and sum-rate maximization involving quality of service (QoS) restrictions. Furthermore, for each individual channel, the order limitations on the powers of the users were also considered. The optimal PA taking into account the considered benchmark in semi-closed or closed-form was then proposed in the article. In addition, the writers put forward an effective strategy for optimizing channel assignment and PA jointly and with a minimal level of complexity.

In [24], the authors first improved the current single-carrier user selection and power control methods’ computational complexity in NOMA systems. These schemes are then utilized to design new algorithms. One of the algorithms, OPT-JSPA, calculates an optimal solution; Yet, its time complexity, which is characterized by pseudo-polynomial equations, makes it unfeasible for real-world applications requiring minimal latency. Another algorithm, ε-JSPA, is an approximation approach that is characterized by an entirely polynomial time complexity and stands out by balancing the tight tradeoff between the assurance of performance and the complexity. The final algorithm they proposed is the GRAD-JSPA and is a gradient descent-based formula. In [25], the authors elaborated the core idea of NOMA in the downlink as well as uplink transmission. They presented their proposed NOMA strategy for the condition in which the base station is arrayed with numerous antennas. Their simulation show NOMA exhibits a potential increase, in comparison to OMA, of system-level throughput.

For NOMA systems with the restriction of user fairness, a resource allocation strategy with minimal complexity that provides a balance between energy and spectral efficiency was presented in [26]. A PA method with dual-layer and a user scheduling technique with its complexity in the lower side is explored by the authors in combination. Intra-subchannel PA is handled using the Lagrangian multiplier approach in the inner layer, whereas an iterative technique formed on the bisection approach is suggested in the outer layer. Simulations indicate that the proposed NOMA system lends higher energy efficiency (EE) and spectral efficiency (SE) while requiring low complexity.

The authors of [27] aim to maximize EE and fairness between users jointly with respect to the subcarrier and power distribution characteristics in downlink NOMA systems. In the paper, it is suggested a greedy subcarrier assignment technique that strictly follows the worst-user first concept. The PA problem is first transformed into a comparable subtractive form and is then solved with the help of fractional programming in which vectors for allocating subchannel power are optimized sequentially. Their proposed algorithms are characterized by their minimal complexity, rapid convergence and insensitivity to the starting conditions.

The authors of [28] proposed solutions for both user pairing and power distribution to optimize the sum SE and EE of the system. The closed-form solutions are derived using the energy efficiency optimizing Dinkelbach (DKL) algorithm, and for maximizing the system sum-rate Karush–Kuhn–Tucker (KKT) conditions were utilized. Furthermore, two users, each with a distinct channel condition, are paired using the Hungarian (HNG) algorithm. The results in the paper reveal that with 20 users included in the system, the suggested optimal PA’s sum rate is 6.7 per cent greater than convex programming difference NOMA (NOMA-DC). Similarly, when the proposed optimal PA is used instead of NOMA-DC, the energy efficiency is 66 per cent greater.

The chief contribution of our paper entails improving the total sum rate of NOMA systems and thus maximize the users’ data rate to enhance the fairness performance and reduces the outage probability. To achieve our goals, we proposed a UP method based on a simple searching for subcarrier with the minimum average channel gains to be assigned its paired users and then excluding it from the following searching process.

3  System Model

We consider a downlink NOMA network, as shown in Fig. 1. The BS is situated in the cell’s center area and serves K users uniformly distributed in the cell area. The total bandwidth B is portioned among S subcarriers, with bandwidth
W=BS
per subcarrier. The paired users transmit information in the same subcarrier.
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Figure 1: System model for NOMA downlink

For each pair of users i, j  ∈  {1, …, K}, a superimposed signal is transmitted by the BS on subcarrier s as:


xs=Ps,iMs,i+Ps,jMs,j
(1)

where Ps,i and Ps,j are the assigned power to users i and j. Moreover, Ms,i and Ms,j donates the sent signal (i.e., message) to users i and j on subcarrier s.

On subcarrier s, user k received signal can be written as


ys,k=hs,kxs+Zs,k
(2)

where hs,k donates the BS’s complex channel gain to the kth user on subcarrier s and Zs,k is the “complex additive white Gaussian noise” (AWGN) at user k with zero mean and variance
σ2=N0BS
, where No is the “noise-power-spectral-density”.

The SIC technique is used at the receiver to recover the signal that is wanted. For successful performance of SIC process, the gain of the channel normalized by noise for the user j  ∈  {1, …, K} must be less than that of the user i  ∈  {1, …, K} on subcarrier s, i.e.,
|hs,j|2σ2<|hs,i|2σ2
. The receiver of user j can decipher its signal message Ms,j directly without utilizing the SIC technique and regards the signal of user i as interference. On the other hand, user i receiver will decode the signal message of user j i.e., Ms,j at first, and then extracted it from the received superimposed signal to enable the user i to recognize its signal Ms,i devoid of interruption from the user j.

To facilitate the SIC process, the BS must provide low-gain users greater power. i.e., Ps,i < Ps,j. By assuming that each subcarrier’s bandwidth is normalized and No is recognized as consistent overall subcarriers, accordingly, the data rate for each pair of users i, j on subcarrier s are represented as follows:


Rs,i=log2⁡(1+Ps,i|hs,i|2N0)
(3)


Rs,j=log2⁡(1+Ps,j|hs,j|2Ps,i|hs,j|2+N0)
(4)

The entire system sum-rate is then calculated as follows:


RT=∑s=1S⁡Rs
(5)

where, Rs = Rs,i + Rs,j is the subcarrier s overall sum-rate.

4  The Proposed User Pairing Algorithm

The proposed algorithm aims to attain the following objectives with accepted computational complexity:

• Enhancing the total sum-rate of NOMA system.

• Enhancing the users’ data rate to raise the fairness performance and reduce the probability of outage.

The following are the detailed steps of the suggested UP algorithm:

1)   Supposed the channel gain matrix for subcarriers-users, compute each subcarrier’s average channel gain (i.e., the average value of each row).

2)   Finding the subcarrier with the lowest average gain of channel

3)   Assign the user with the utmost channel gain over the subcarrier in step 2 as the first paired user (i.e., strong user) and the user with the next biggest channel gain over this subcarrier as the second paired user (i.e., weak user).

4)   Updating the channel gain matrix for subcarriers-users after excluding the subcarrier of step 2 and its assigned paired users.

5)   Repeat all previous steps (i.e., steps 1, 2, 3, and 4) until the completion of UP process over all subcarriers.

The pseudo-code that follows the suggested WSF-SUAA steps is shown in Algorithm 1.
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5  Simulation Results

In this part, the simulation results of the proposed-UP algorithm’s performance evaluation against “random UP” and “conventional UP” are presented. During the simulations, a Rayleigh distributed “frequency-selective-fading channel” is considered.

A fixed PA is considered to allocate the power to each subcarrier s between its two paired users, hence 0.2Ps is assigned to a strong user and 0.8 Ps is allotted to a weak user, where Ps is the power per subcarrier. The simulations are averaged over total of 1000 channel realizations for 16 subcarriers and 32 users.

The total sum rate of the system vs. “the signal-to-noise-ratio” (SNR) of each subcarrier is presented in Fig. 2, and it is proven that the proposed UP algorithm attains the highest total sum rate with a significant superiority over the other NOMA algorithms at small SNR.
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Figure 2: The total sum rate vs. SNR

In Fig. 3, the fairness index (FI) vs. SNR is used to evaluate the fairness performance of the proposed algorithm’s user pairing process to that of various UP methods, and it is described in terms of users’ data rates as [25]:


FI=(∑k=1K⁡Rk)2K∑k=1K⁡(Rk)2
(6)

Fig. 3 clarifies that both the proposed UP algorithm and random UP provide a significantly better FI compared to conventional UP, especially at small SNR, and the proposed UP algorithm provides the highest FI for SNR< 15 dB.
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Figure 3: The fairness index (FI) versus SNR

The outage probability, which measures the probability that the user data rate will not reach a specific target data rate, is one of the essential performance indicators. Fig. 4 presents outage probability at target data rate of 1bps/Hz versus SNR. It is clearly seen that the proposed UP algorithm provides the lowest outage probability while conventional UP provides the worst outage probability.
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Figure 4: The outage probability at fixed data-rate of 1b/s/Hz versus SNR

6  Conclusions

In this study, we consider the resource allocation problem with respect to user pairing (UP) in downlink non-orthogonal multiple access (NOMA) systems. The proposed UP algorithm is based on the enhancement of the sum rate of the paired users per subcarrier and consequently enhancement of the total sum rate of downlink NOMA systems. The proposed-UP algorithm is based on a simple search for the subcarrier with the minimum average channel gains to be assigned its paired users and then excluding it from the next searching process. The simulation results demonstrate that the suggested UP algorithm not only improves the total sum rate when compared to random UP and conventional UP, but also improves user fairness and minimize the outage probability.
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Algorithm 1 Proposed User Pairing Algorithm

1: Initialization: Formulate channel gain matrix.
H = |hs,k|2 V s € S subcarriers & k € K users.
2: fors=1to S do

3: Compute each s subcarrier’s average channel gain:

H'® = avg lhgl* V.

4: end for

5: Finding the subcarrier with the minimum average channel gain ( Hg"® )

6: Assign the biggest channel gain experiencing user over this subcarrier (step 5) as the first paired user

(and the next greatest channel gain experiencing user over this subcarrier as the second paired user.

7: Updating the channel gain matrix for subcarriers-users H after excluding the subcarrier of step 5 and
its assigned paired users in step 6.

8: Repeat steps 2—7 until the completion of UP process over all subcarriers.
9: End of the Algorithm.
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