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Digital beamsteering (DBS) is an appealing technique to overcome the severe millimeter-wave path loss, with less complexity and less channel feedback. In multi-user systems, DBS generates a beam toward each user. However, in congested cells, such a system suffers from high inter-user interference causing by the neighboring beams. In this paper, a new approach of space division multiple access (SDMA) with power-domain non-orthogonal multiple access (PD-NOMA) is considered for millimeter-wave channel to significantly reduce the inter-user interference and thus enhance the overall throughput. The proposed scheme is designed by selecting the users located at the same direction to share one beam, in which PD-NOMA multiplexes the users in power domain. The proposed user clustering method built upon an interference metric, and followed by a fixed power allocation method based on the received power, makes possible the design of a low-feedback NOMA-DBS scheme. Simulation results, based on the New York university mm-wave simulator, show that the multi-user MIMO system can achieve higher sum-rate with our proposed joint SDMA and PD-NOMA scheme, with respect to only SDMA (e.g., up to 20 bps/Hz rate gain for 45 users in the cell).

I. INTRODUCTION

In millimeter-wave (mmWave) wireless communications, digital beamforming (BF) with high directional array is investigated as an attractive technique to mitigate the tremendous path loss and achieve high data rates [START_REF] Heath | An overview of signal processing techniques for millimeter wave MIMO systems[END_REF], [START_REF] Hur | Millimeter wave beamforming for wireless backhaul and access in small cell networks[END_REF]. Specifically, in a multi-user system, digital beamsteering (DBS) is one of the promising beamforming techniques in terms of complexity and channel feedback [START_REF] Rozé | Millimeter-wave digital beamsteering in highly line-of-sight environments for massive MIMO systems[END_REF], [START_REF] Khaled | Multi-user digital beamforming based on path angle information for mm-wave MIMO systems[END_REF]. Based on a geometric information knowledge at the transmitter (TX), mainly the angle of the line-of sight (LOS) path, DBS forms and steers a beam toward the desired user using digital phase shifters, achieving spatial division multiple access (SDMA).

Recently, non-orthogonal multiple access (NOMA) has been investigated with mmWave massive multiple-input multipleoutput (m-MIMO) systems in order to further increase the spectrum efficiency, by exploiting the multiplexing in the power-domain (PD) [START_REF] Dai | Nonorthogonal multiple access for 5G: solutions, challenges, opportunities, and future research trends[END_REF], [START_REF] Zhang | Capacity analysis of NOMA with mmwave massive MIMO systems[END_REF]. Different NOMA-based multiuser BF (NOMA-BF) system was proposed in the literature to support multiple users per a single BF vector, and thus enhance the overall capacity [START_REF] Wang | Spectrum and energyefficient beamspace MIMO-NOMA for millimeter-wave communications using lens antenna array[END_REF]- [START_REF] Chen | User pairing and pair scheduling in massive MIMO-NOMA systems[END_REF]. Most of them have used zero forcing (ZF) as the BF technique to cancel the intercluster interference [START_REF] Liu | User selection and power schedule for downlink non-orthogonal multiple access (NOMA) system[END_REF], [START_REF] Zeng | Energy-efficient power allocation for MIMO-NOMA with multiple users in a cluster[END_REF]. However, ZF BF is difficult to implement in practice due to the complexity of the matrix inversion implementation. Furthermore, most of existing works on user clustering and power allocation for NOMA-BF system are designed based on a full channel state information at the transmitter [START_REF] Zeng | Energy-efficient power allocation for MIMO-NOMA with multiple users in a cluster[END_REF]- [START_REF] Chen | User pairing and pair scheduling in massive MIMO-NOMA systems[END_REF]. A m-MIMO-NOMA system with limited feedback is designed in [START_REF] Ding | Design of massive-MIMO-NOMA with limited feedback[END_REF], where m-MIMO-NOMA system is decomposed, thanks to singular value decomposition, into multiple SISO-NOMA channels, by exploiting the spatial correlation matrices of users' channels.

In our previous work [START_REF] Khaled | Multi-user digital beamforming based on path angle information for mm-wave MIMO systems[END_REF], [START_REF] Khaled | Performance evaluation of linear precoding mmwave multi-user MIMO systems with NYUSIM channel simulator[END_REF], we investigated DBS in mmWave systems using stochastic mmWave channel model based on real measurements, called NYUSIM, developed at New York university [START_REF] Samimi | 3-D millimeter-wave statistical channel model for 5G wireless system design[END_REF]. We find that DBS is an appealing beamformer in terms of complexity and channel overhead. Unfortunately, in a congested cell, the MU-MIMO system suffers from high inter-user interference causing by the adjacent beams pointed toward users located at the same direction, and therefore the DBS performance degrades, compared to conjugate beamforming (CB) [START_REF] Hassan | Performance assessment of linear precoding for multi-user massive MIMO systems on a realistic 5G mmWave channel[END_REF].

In this paper, we aim to design a scheme in downlink multi-user system, which enhances the DBS performance by reducing the inter-user interference. In our proposed scheme, space division multiple access (SDMA) realized by DBS is coupled with PD-NOMA, where the users located at the same direction share the same beam and are multiplexed into power domain using PD-NOMA transmission protocol. At the receivers, successive interference cancellation (SIC) is applied to decode the signals [START_REF] Dai | Nonorthogonal multiple access for 5G: solutions, challenges, opportunities, and future research trends[END_REF]. With our joint SDMA and PD-NOMA scheme, each user is served over all the bandwidth, and with only partial channel feedback, i.e., the estimated users' direction and the received power at each user. In addition to the low-complexity of DBS, we design a low-complex clustering algorithm based on a new interference geometric metric followed by a fixed power allocation method relying on the received power.

The rest of this paper is organized as follows: the MU beamforming system and problem formulation are introduced in Section II. The proposed joint SDMA and PD-NOMA strategy including the new interference metric are presented in Section III. The proposed user clustering algorithm and power allocation method are discussed in Section IV, in addition to the analysis of the sum-rate in mono-path channel. Simulation results are shown in Section V, while conclusions and perspectives are finally drawn in Section VI.

Symbol Notations: A is a matrix, a is a vector, a is a scalar, (.) T and (.) H stand for the transpose and the conjugate transpose, respectively. N (µ, σ 2 ) denotes a Gaussian random vector with mean µ and variance σ 2 . A ( i, j) is the (i, j)th element of A. Tr(•) denotes the trace of a matrix.

II. MULTI-USER BEAMFORMING SYSTEM AND PROBLEM FORMULATION

A. System Model

We consider a downlink multi-user beamforming system, in which a single base station (BS) equipped with M transmit antennas serves K single-antenna user equipments (UEs) (K < M ). BS applies the DBS beamforming, and thereby simultaneously generates K beams, each beam serves one UE. Therefore, the received signal y ∈ C K×1 can be expressed as:

y = √ ηHWs + n (1) 
where s ∈ C K×1 contains the data symbol of all UEs,

W = a 1 • • • a K ∈ C M ×K is the DBS beamforming matrix, with a k = a(θ k ) ∈ C M ×1
the array steering vector corresponding to the direction θ k of the kth UE (UE k ),

H = h T 1 • • • h T K T ∈ C K×M is the MU-MIMO channel matrix with h k ∈ C 1×M the channel of UE k , which is assumed to be a mono-path and LOS channel (h k = α k a H k , with α k the complex gain), η = 1 Tr(W H W) = 1
M K is the normalization factor that eliminates the beamforming effect on the transmission power, and n ∈ C K×1 is the additive white Gaussian noise vector with n ∼ N (0, σ 2 n ) . For a horizontal uniform linear array (ULA) along x-axis, a(θ) is a function of the angular direction θ of the plane wave, and is given by:

a(θ) = 1, e j2π d λ cos(θ) , • • • , e j2π(M -1) d λ cos(θ) T ( 2 
)
where d is the antenna spacing and λ is the wavelength.

B. Problem Formulation

In mono-path environment, the signal-to-interference-plusnoise ratio SINR DBS k achieved with DBS at UE k is given by [START_REF] Khaled | Multi-user digital beamforming based on path angle information for mm-wave MIMO systems[END_REF]:

SINR DBS k = |a H k a k | 2 K u=1,u =k |a H k a u | 2 + σ 2 n ηα 2 k (3)
With a phased antenna array, DBS forms a directive beam pointing to each UE. Unfortunately, when UEs are located at the same direction, the cellular system suffers from high inter-user interference, generated by their adjacent transmitted beams, as depicted in the left side of Fig. 1. This implies a great degradation in the system throughput. Obviously, as seen at the denominator in (3), the interference at UE k is caused by the beams generated toward other UEs (UE u , ∀u = k) having a large |a H k a u |.

III. PROPOSED SOLUTION:NOMA-DBS SYSTEM

To boost the performance of the digital beamsteering multiuser system, we propose an inter-beam interference reduction method by using DBS with PD-NOMA. This method is based on a new interference metric, that we will explore later in Section III-B. The basic concept is that UEs located at the same direction are regrouped in the same cluster and superimposed using PD-NOMA transmission protocol sharing one beam, as In our proposed scheme, we consider that one or two users belong to the same cluster. However, it can be easily generalized to serve multiple users in the same cluster. The classical PD-NOMA needs full channel knowledge at the transmitter. However, DBS is chosen as an appealing beamformer, trading off complexity and channel overhead (in ULA, only the angles θ k ∀k are known). Then, we design a NOMA-DBS scheme that requires partial channel knowledge; the angle direction θ k and the received power

p k = |h k w k | 2 at UE k , (∀k ∈ {1 • • • K}). A. NOMA-DBS System Model
The K UEs served by K beams in Section II-A, are now served by C beams (clusters) (C ≤ K < M ), with K c UEs per cluster (K c ∈ {1, 2}). The channel vector between BS and the lth user in the cth cluster, i.e, UE l,c (1

≤ l ≤ K c , K c ∈ {1, 2}, c ∈ {1, • • • , C}) denoted as h l,c ∈ C 1×M
, is given by: h l,c = α l,c a H l,c (mono-path channel assumption). Additionally, the DBS beamforming matrix will be given by

W = [a 1 • • • a C ] ∈ C M ×C
, where a c is the array steering vector corresponding to the direction θ c of the cth cluster, such that

θ c = θ 1,c if K c = 1 θ1,c+θ2,c 2 if K c = 2 (4) 
This implies η = 1 Tr(W H W) = 1 M C
. Therefore, the signals x ∈ C M ×1 transmitted from BS can be expressed as:

x = √ ηWs (5) 
where s ∈ C C×1 is the superimposed signal given by:

s =    K1 l=1 √ γ l,1 s l,1 . . . K C l=1 √ γ l,C s l,C    (6) 
with s l,c the signal of UE l,c and γ l,c its corresponding power allocation coefficient that satisfies

Kc k=1 γ l,c = 1, ∀c ∈ {1, • • • , C}.
For a 2-user cluster, we denote UE 1,c the high channel gain UE (strong UE) and UE 2,c the low channel gain UE (weak UE), i.e., |h 1,c w 1,c | 2 ≥ |h 2,c w 2,c | 2 . PD-NOMA allocates more power to the weak user and less power to the strong one [START_REF] Dai | Nonorthogonal multiple access for 5G: solutions, challenges, opportunities, and future research trends[END_REF], i.e., γ 1,c ≤ γ 2,c .

Then, UE 1,c applies SIC to eliminate perfectly the interference from UE 2,c , while UE 2,c treats the UE 1,c signal as interference. Therefore, the received signals y 1,c at UE 1,c and y 2,c at UE 2,c can be written as:

y 1,c = √ η √ γ 1,c h 1,c w c s 1,c + C b=1 b =c K b q=1 √ η √ γ q,b h 1,c w b s q,b (7) 
y 2,c = √ η √ γ 2,c h 2,c w c s 2,c desired signal + √ η √ γ 1,c h 2,c w c s 1,c intra-beam interference + C b=1 b =c K b q=1 √ η √ γ q,b h 2,c w b s q,b inter-beam interference (8) 

B. Interference Metric

We define

β k,u = 1 M |a H k a u | = 1 M |a H u a k | = β u,k
as a metric representing the interference at UE k from the beam generated for UE u , and vice versa, with 0 < β k,u ≤ 1. For ULA, β k,u can be expressed as:

β k,u = 1 M M m=1 e j2π(m-1) d λ (cos(θ k )-cos(θu)) (9a) = sin M πd λ (cos(θ k ) -cos(θ u )) M sin πd λ (cos(θ k ) -cos(θ u )) (9b) 
In order to regroup the users located at the same direction, we need to know the level of interference at each UE k (∀k ∈ {1 • • • K}) from the others UEs (UE u , ∀u = k). However, this level strongly depends on two factors: 1) the width Ω u of the beams generated at UE u (∀u = k), which depends on the number of antennas and the beam direction, and 2) the UE k direction with respect to UE u direction, i.e., the angular distance

(∆θ = |θ k -θ u |).
In order to further investigate β k,u , we first define the antenna array pattern AF (v, θ), such that:

AF (v, θ) = M m=1 [v] m e j2π/λ(m-1)d cos(θ) (10) 
where [v] m is the complex weight assigned to the mth antenna element. However, to point a beam at θ 0 , the weights will be [v] m = e -j2π/λ(m-1)d cos(θ0) , and thereby (10) can be expressed as:

AF θ0 (θ) = M m=1 e j 2πd λ (m-1)(cos(θ)-cos(θ0)) (11a) = sin( M πd λ (cos(θ) -cos(θ 0 ))) sin( πd λ (cos(θ) -cos(θ 0 ))) (11b) 
Normalized to its peak value (AF θ0 (θ 0 ) = M ), this implies:

AF n θ0 (θ) = sin( M πd λ (cos(θ) -cos(θ 0 ))) M sin( πd λ (cos(θ) -cos(θ 0 ))) (12) 
Comparing (9b) to [START_REF] Ding | Design of massive-MIMO-NOMA with limited feedback[END_REF], we can conclude that:

β k,u = |AF n θu (θ k )| (13) 
Based on [START_REF] Khaled | Performance evaluation of linear precoding mmwave multi-user MIMO systems with NYUSIM channel simulator[END_REF], we can see that:

1) if θ u ∼ θ k , i.e., ∆θ → 0, then |AF n θu (θ k )| → 1.
This implies that β k,u → 1, and thus the smaller ∆θ is, i.e., UE k and UE u are closely at the same direction, the larger β k,u is. 2) AF n θu (θ) gives a measure of the 3dB-beamwidth Ω 3dB u = |θ u -θ|, which is defined as the angular distance such that AF n θu (θ) = 1 2 . This implies that β k,u implicitly provides information regarding the beamwidth. Therefore, we define the interference threshold β 0 , such that UE k and UE u with β k,u ≥ β 0 means that the LOS path of UE k lies in the UE u beam. Particularly, the β 0 -beamwidth Ω β0 u defines the angular distance satisfying |AF n θu (θ k )| = β 0 . Thus, β is an important metric to indicate the level of inter-user interference based on a geometric partial channel knowledge, i.e., θ k (∀k).

IV. USER CLUSTERING AND POWER ALLOCATION

In this section, we propose a low-complex user clustering algorithm based on the proposed geometric interference metric β. We also present a typical power allocation scheme to investigate the feasibility of NOMA-DBS system. Finally, we derive the NOMA-DBS sum-rate in mono-path channel.

A. User Clustering Method based on β

Given the angles of the LOS path of all UEs, we propose our user clustering method. First of all, we need to determine the inter-beam interference threshold β 0 defined in Section III-B. The objective is to regroup UEs two-by-two (UE u and UE k ) with large inter-beam interference, i.e., high β k,u (> β 0 ), in the same cluster. Then, for the remaining UEs such that β k,u < β 0 , we assign a unique cluster to each of them with a cluster angle equal to the UE angle, to be served by using only a beam, as indicating in [START_REF] Khaled | Multi-user digital beamforming based on path angle information for mm-wave MIMO systems[END_REF].

Since β k,u = β u,k , we create a triangular matrix D ∈ C K-1×K , indicating the level of inter-beam interference at each UE k (∀k ∈ {1 • • • K}) from other UEs (UE u , ∀u = k), and is expressed as:

D =          0 β 1,2 β 1,3 β 1,4 • • • β 1,K-1 β 1,K 0 0 β 2,3 β 2,4 • • • β 2,K-1 β 2,K 0 0 0 β 3,4 • • • β 3,K-1 β 3,K . . . . . . . . . . . . . . . . . . . . . 0 0 0 0 • • • β K-2,K-1 β K-2,K 0 0 0 0 • • • 0 β K-1,K          (14) 
We are interested in UEs with β k,u ≥ β 0 . We define an auxiliary matrix D t , where we replace β k,u by a negative value e.g., -1 if β k,u < β 0 . The starting point for the first 2-user cluster is the point (q, z) with the largest value in D t s.t. D t (q, z) > 0, i.e., β q,z ≥ β 0 . Then, we assign one beam (c = 1) to UE q and UE z , with θ c = θq+θz 2 . Subsequently, we remove these two UEs from the set of users to be clustered to prevent their existence in another cluster. After, we compute the same stage until the largest value in D t is equal to 0. The proposed user clustering is summarized in Algorithm 1. 

B. Power Allocation Method

After user clustering, BS applies PD-NOMA for the 2-user cluster, and thus allocates a high power level to the weak UE (UE 2,c ) and a low power level to the strong UE (UE 1,c ), i.e., γ 1,c ≤ γ 2,c . Many simplified power allocation (PA) methods are used in the literature, typically divided between fixed and dynamic methods. Some of them are based on the UEs' channel gains [START_REF] Saito | Systemlevel performance evaluation of downlink non-orthogonal multiple access (NOMA)[END_REF], but all are derived to ensure that the power coefficients of UEs are chosen in inverse order to the order of their channel gains, and that the superimposed signal is transmitted with a unit power in a cluster [START_REF] Saito | Systemlevel performance evaluation of downlink non-orthogonal multiple access (NOMA)[END_REF], [START_REF] Hoang | Outage analysis of MIMO-NOMA relay system with user clustering and beamforming under imperfect CSI in Nakagami-m fading channels[END_REF]. Given the cluster set obtained from Section IV-A, we derive a simplified fixed PA scheme to investigate the feasibility of NOMA-DBS system and its performance. This proposed scheme is based on a partial channel knowledge, i.e., the received power of each UE (|h l,c w l,c | 2 ) and is defined as:

γ 1,c = |h 2,c w 2,c | 2 |h 1,c w 1,c | 2 + |h 2,c w 2,c | 2 (15) γ 2,c = |h 1,c w 1,c | 2 |h 1,c w 1,c | 2 + |h 2,c w 2,c | 2 (16) 
Based on ( 15) and ( 16), the total power constraints for PD-NOMA transmission protocol, i.e., γ 15) and ( 16) satisfy the SIC constraint, i.e., γ 1,c ≤ γ 2,c , and also give that γ 1,c and γ 2,c are bounded as follows:

1,c + γ 2,c = 1, are performed. Moreover, since |h 1,c w 1,c | 2 ≥ |h 2,c w 2,c | 2 > 0 and γ 1,c + γ 2,c = 1, then (
γ 1,c + γ 2,c = 1 γ 1,c ≤ γ 2,c =⇒      0 < γ 1,c ≤ 1 2 1 2 ≤ γ 2,c < 1 (17) 
C. Sum-Rate in mono-path channel

In our work, we adopt the sum-rate R T as the performance metric, which is defined as:

R T = K k=1 R k = K k=1 log 2 (1 + SINR k ) [bps/Hz] ( 18 
)
where R k and SINR k are the rate and the signal-tointerference-plus-noise ratio achieved at UE k , respectively. In mono-path channel, when applying our NOMA-DBS scheme, the SINR of UE 1,c and UE 2,c in a 2-user cluster can be calculated as:

SINR NOMA-DBS 1,c = γ 1,c |a H 1,c a c | 2 C b=1 b =c K b l=1 γ l,b |a H 1,c a b | 2 + σ 2 n ηα 2 1,c (19) 
SINR NOMA-DBS 2,c = γ 2,c |a H 2,c a c | 2 γ 1,c |a H 2,c a c | 2 + C b=1 b =c K b l=1 γ l,b |a H 2,c a b | 2 + σ 2 n ηα 2 2,c
(20) For 1-user cluster, the received signal y 1,c and its SINR are also calculated as in ( 7) and ( 19), respectively, with γ 1,c = 1 and a c = a 1,c .

For the 2-user cluster, the interference factor of UEs belonging to the cth cluster, denoted as β c , is equal to 1 M |a H 1,c a 2,c |, as defined in Section III-B. Since UE 1,c and UE 2,c belong to the same cluster, then β c ≥ β 0 .

For NOMA-DBS, the interference at UE 1,c (strong UE) from UE 2,c (weak UE), denoted as I 2→1 , is assumed to be totally eliminated by using SIC, i.e., I 2→1 = 0. Moreover, the power received by the cluster's beam with

θ c = θ1,c+θ2,c 2 at UE 1,c is equal to γ 1,c |a H 1,c a c | 2 , as observed at the numerator in (19). However, θ 1,c = θ c , this implies that 1 M < 1 M |a H 1,c a c | < 1(= 1 M |a H 1,c a 1,c |).
In addition, from ( 17), we have

0 < γ 1,c ≤ 1 2 < 1. Accordingly, we obtain γ 1,c |a H 1,c a c | 2 < |a H 1,c a 1,c | 2 , where |a H 1,c a 1,c | 2
is the received power at UE 1,c in case of DBS only, as shown at the numerator in [START_REF] Rozé | Millimeter-wave digital beamsteering in highly line-of-sight environments for massive MIMO systems[END_REF]. Therefore, for UE 1,c , by passing from DBS to NOMA-DBS, the received power slightly decreases but with no interference from UE 2,c . This implies a great performance enhancement for UE 1,c .

For UE 2,c , as seen in ( 20), the interference from UE 1,c denoted as I 1→2 and equals to γ 1,c |a H 2,c a c | 2 , is not canceled. In addition, the received power using NOMA-DBS is equal to γ 2,c |a H 2,c a c | 2 . If our NOMA-DBS scheme has well grouped the users in order to eliminate the inter-user interference, thus the second term of interference, denoted as I :→2 from other clusters is neglected, i.e., I :→2 → 0. Therefore, (20) is simplified to:

SINR NOMA-DBS 2,c → γ 2,c |a H 2,c a c | 2 γ 1,c |a H 2,c a c | 2 + σ 2 n ηα 2 2,c (21) 
In the high signal-to-noise ratio regime, (21) can be approximated to SINR NOMA-DBS

2,c → γ2,c
γ1,c ≥ 1. Based on our simplified PA method in Section III-B and as given in [START_REF] Hoang | Outage analysis of MIMO-NOMA relay system with user clustering and beamforming under imperfect CSI in Nakagami-m fading channels[END_REF], we have

0 < γ 1,c ≤ 1 2 , 1 2 ≤ γ 2,c < 1 and γ 1,c + γ 2,c = 1. If UE 2,c is very weak compared to UE 1,c , then γ 2,c is very large compared to γ 1,c , i.e., γ 1,c → 0 and γ 2,c → 1. Thus, SINR NOMA-DBS 2,c → γ2,c γ1,c >> 1. In contrast, if their channel gains are comparable, i.e., |h 1,c w 1,c | 2 → |h 2,c w 2,c | 2 , then γ 1,c → 1 2 and γ 2,c → 1 2 . Thus, SINR NOMA-DBS 2,c → γ2,c γ1,c → 1 and R 2,c → 1 [bps/Hz].
Therefore, the rate of the weak UE, and consequently the fairness between users strongly depends on the applied PA method. However, for our fixed PA method, the greater the difference between the two users' channel gains, the higher the rate for the weak user, and conversely.

V. SIMULATION RESULTS The proposed NOMA-DBS scheme, DBS and CB sumrates are compared in mono-path environment, with K(∈ {2, • • • , 45}) UEs distributed in a cell of radius 100 m. We assume a ULA with M = 64 at BS. Other system parameters used for performance assessment are listed in Table I. We consider a perfect estimation of angles at the receiver and perfect instantaneous feedback of the received powers |h k w k | 2 (∀k) and the estimated angles θ k (∀k). The channel features are generated using NYUSIM [START_REF] Samimi | 3-D millimeter-wave statistical channel model for 5G wireless system design[END_REF], for instance, the distance and the angle of each user are generated using statistical distributions based on real measurements. We assume that the users belong to the same side of BS, i.e., 0 < θ < 180 • . The sum-rate is averaged over 4000 channel realizations. The system sum-rate of the proposed NOMA-DBS scheme is presented in Fig. 2 as a function of the number of served users, compared with the reference DBS and the CB systems. NOMA-DBS scheme is evaluated with different value of β 0 . At TX, DBS needs only the LOS path angle information θ k (∀k), while CB needs full channel knowledge, i.e., H ∈ C K×M . This implies that the number of real coefficients needed per channel estimation is K (resp. 2 × K × M ) for DBS (resp. CB). However, NOMA-DBS requires an additional information relative to DBS, namely the received powers |h k w k | 2 (∀k), to apply the classical PA method. Thus, 2K coefficients per channel estimation is needed. In mono-path environment, we have obtained in [START_REF] Khaled | Multi-user digital beamforming based on path angle information for mm-wave MIMO systems[END_REF] that DBS outperforms CB. For β 0 ∈ {0.2, 0.4, 0.6, 0.7}, we observe that our proposed scheme offers better performance than DBS system, when the number of UEs satisfies K > 6. As depicted in Fig. 2, when the number of served users increases, the sumrate gain of NOMA-DBS increases with respect to DBS (sumrate gain up to 20 bps/Hz). This can be explained by the fact that the interference becomes more severe when the number of UEs increases, affecting the DBS system. In contrast, the NOMA-DBS is applied on more users and the interference effect is reduced. This demonstrates the effectiveness of our proposed method and, in particular, of the user clustering algorithm. More significantly, NOMA-DBS, with a channel overhead M = 64 times less than that of CB, outperforms CB with a sum-rate gain up to 30 bps/Hz for 45 users in the cell. multaneously. Fig. 3b depicts the number of 2-user clusters as a function of β 0 , when K ∈ {20, 45} UEs are served simultaneously. Firstly, we highlight that NOMA-DBS with β 0 = 1 is equivalent to DBS. Indeed, Fig. 3b shows that the number of 2-user clusters at β 0 = 1 is equal to zero. Fig. 3a shows that the sum-rate of NOMA-DBS is greater than that of DBS (or NOMA-DBS with β 0 = 1) for 0.1 < β 0 < 1, and have a maximum around β 0 = 0.4. Moreover, for a wide range of β 0 , i.e., 0.2 < β 0 < 0.7, NOMA-DBS outperforms DBS and has a comparable sum-rate gain up to 20 bps/Hz for 45 UEs and 10 bps/Hz for 20 UEs. This makes the NOMA-DBS system operational for a large range of β 0 values. It is obvious that the number of 2-user clusters increases when β 0 decreases, as shown in Fig. 3b. As shown in Fig. 2, for β 0 ∈ {0.4, 0.6, 0.7}, the smaller β 0 is, the higher the overall sum-rate is achieved using NOMA-DBS, which is also depicted in Fig. 3a. This can be explained by the fact that when β 0 is small, more UEs are grouped in 2user cluster, as depicted in Fig. 3b, and thus the interference at more UEs is reduced using NOMA-DBS. In contrast, for β 0 = 0.2, NOMA-DBS achieves better sum-rate compared to DBS but inferior sum-rate with respect to NOMA-DBS with β 0 ∈ {0.4, 0.6, 0.7}. Based on Algorithm 1, the set of the 2-user clusters with β 0 = 0.2, denoted as G, can be obtained as G = G 1 ∪ G 2 , where G 1 is the set of the 2-user clusters with β 0 = 0.4, and G 2 is the set of the 2-user clusters with interference factor β s.t. 0.2 ≤ β < 0.4. The sum-rate degradation of NOMA-DBS with β 0 = 0.2 with respect to that with β 0 = 0.4 can be explained by the fact that when UEs belonging to G 2 are grouped two-by-two using NOMA-DBS, the power received by the cluster beam at both UEs (UE 1,c , UE 2,c ) is degraded, compared to DBS, due to a large ∆θ = θ l,c -θ c (l ∈ {1, 2}).

Besides and as expected, for β 0 = 0.02, the sum-rate of NOMA-DBS is lower than that of DBS, as illustrated in Fig. 2. Indeed, first, for β 0 = 0.02, UE u (u = k) not belonging to the main lobe of UE k are considered as interferer with UE k . Second, the power received by the cluster beam at both UEs strongly decreases, since the beam direction is very different than the user direction.

VI. CONCLUSION

In this paper, we have proposed a joint SDMA and power domain NOMA scheme to resolve the inter-beam interference problem when using multi-user beamsteering, especially in a congested cell. In particular, a two-user clustering algorithm based on a new geometric interference metric is designed, which significantly enhances the system sum-rate, as shown by simulations, e.g., up to 20 bps/Hz rate gain for 45 users. In our work, the use of a simplified fixed power allocation method enables NOMA-DBS to provide a great overall sumrate compared to DBS, whereas the rate of the weak user strongly depends on the difference between the two users' channel gains.

For future work, a new power allocation scheme based on a partial channel knowledge, that yields to a better fairness between users is needed to be coupled with a generalized multi-user clustering algorithm for NOMA-DBS. To further enhance the NOMA-DBS performance, the value of the interbeam interference threshold β 0 is to be analytically computed.

In this work, we assume that the SIC algorithm completely eliminates the interference I 1→2 = 0. The consideration of small I 1→2 = 0 can be also a perspective of our work.
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 1 Fig.1: DBS vs NOMA-DBS beamforming (BF) systems. depicted in the right hand-side of Fig.1. In our proposed scheme, we consider that one or two users belong to the same cluster. However, it can be easily generalized to serve multiple users in the same cluster. The classical PD-NOMA needs full channel knowledge at the transmitter. However, DBS is chosen as an appealing beamformer, trading off complexity and channel overhead (in ULA, only the angles θ k ∀k are known). Then, we design a NOMA-DBS scheme that requires partial channel knowledge; the angle direction θ k and the received powerp k = |h k w k | 2 at UE k , (∀k ∈ {1 • • • K}). A. NOMA-DBS System Model
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 151612 User Clustering Method based on β k,u Input: K: number of UEs, θ k : angle of each UE, β0: inter-beam interference threshold Output: C: number of cluster, G = {g c }: set of clusters with g c the array of UEs belonging to the cth cluster Data: D; // D is calculated as in eq. (14) 1 initialization: c = 0; Dt = D; / * We take UE k and UEu that has β k,u ≥ β0 * / 2 if D(k, u) < β0 then 3 Dt(k, u) = -1; / * We group the two users that are each other's closest neighbours * / 4 while max(max(Dt)) > 0 do kc ,uc = max(max(Dt)); g c = [kc, uc]; 7 Dt(kc, :) = -2; Dt(:, kc) = -2;; // remove UE kc from Dt 8 Dt(uc, :) = -2; Dt(:, uc) = -2;; // remove UEu c from Dt ∈ g l ∀l ∈ {1, ..., c} then = c + 1; g c = [k]; θc = θ k ; 13 C = c;
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 2 Fig.2: Sum-rate achieved by the multi-user MIMO system using CB, DBS and NOMA-DBS in a mmWave mono-path environment.

Fig. 3 :

 3 Fig. 3: Impact of the interference threshold (β0) on the performance of the proposed NOMA-DBS scheme.

TABLE I :

 I Simulation parameters

	Parameters	Value
	Carrier frequency	28 [GHz]
	Channel bandwidth	20 [MHz]
	Transmission power	30 [dBm]
	Noise power	-100.9178 [dBm]
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