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Abstract  

 

As mobile technology advances, it is becoming a crucial part of our daily life. The number of mobile 

and IoT devices is rising exponentially, creating enormous challenges for large connectivity. The 

conventional multiple-access technique depends on the orthogonal multiple-access technique, which 

has a limited number of orthogonal resources and is not suitable for large connectivity. The 

researchers are investigating the non-orthogonal multiple access technique, which is a suitable 

solution for large connectivity. Further, the limited bandwidth in the microwave is resolved by the 

use of mmWave, which enables the service provider to give large bandwidth. The performance of 

wireless communication depends mainly on the knowledge of the channel at the BS. This paper 

evaluates spectral efficiency for the beamspace MIMO NOMA in mmWave communication with 

imperfect knowledge of the channel estimates. The results show that the spectral efficiency decreases 

drastically with a slight increase in the channel estimate imperfectness.  
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1 Introduction 

The number of mobile devices is increasing drastically daily and is expected to increase further. 

The current wireless communication system would not be able to support the massive connectivity, 

large data rate, and latency problem. Wireless communication and its upcoming generation need to 

provide low latency and very large connectivity by the fast rise in the number of mobile users and 

IoT devices [1]. The operators must consider strategies to tackle these challenges through 

heterogeneous networks, spectrum sharing, leasing network slicing on the domain, etc. As per the 

authorities, as compared to the 5G, the 6G will need stricter requirements [2]. It is expected that the 

current NR, mmWave, and sub-6 bands won't be able to provide the necessary required QoE and QoS. 

Therefore, it is estimated that for the upcoming network, greater frequency spectrum bands, such as 

73 GHz, 140 GH, and 3 THz are necessary. A high peak data rate is required for applications that 

uses high data rate such as immersive multimedia [3]. The end-to-end delay should be less than 1 ms, 



and the latency to be zero. For example, the required latency is close to zero for the XR services to 

increase the QoS [4]. The latency requirement in telepresence should be lower than in the sub-

millisecond [2]. In the development of the communication system, multiple access techniques are an 

essential part, and it is also important in the upcoming generation as previous generations [5]. The 

dominant multiple access technique for the 6G cellular network will be a NOMA technique instead 

of the OMA technique. The NOMA has also been proposed for the 5G/B5G in early years and it also 

shows improvement with respect to secrecy capacity, user fairness and security [6]. The different 

techniques utilize by the NOMA such as user’s decoding order and successive interference 

cancellation (SIC).  The efficient spectrum utilization and allocation of resources made NOMA 

important for the current and future mobile networks [7]. The huge connectivity and large spectral 

efficiency is also supported by the NOMA. The multiple users and devices are not constrained by the 

available orthogonal resource instead they are allocated different power co-efficient. Thus allows, 

large number of connectivity in NOMA system. There are two main categories of NOMA, code 

domain and power domain NOMA[8], [9]. The NOMA in power domain assigned different power 

different according to the channel condition of that user. However, in case of the code domain NOMA, 

users are allocated with different code and multiplexed over the same resource and time [10]. Another 

technique proposed in recent works is beamspace NOMA [11,12,13,14,15,16,17,18]. These works 

provide various beamforming techniques for beamspace NOMA. More recently, a statistical 

beamforming technique was introduced for beamspace MIMO-NOMA [18] which utilizes statistical 

measures only for designing the beamforming weights. In our work, we used the same model of 

beamspace MIMO-NOMA defined in [15] and [18]. However, the aim of our work is to investigate 

the spectrum efficiency of the beamforming techniques given in [15] in the scenario of imperfect 

channel estimates.   

 

The rest of the paper structured as below, system model is discussed in section 2, and power 

allocation algorithm is described in section 3. The results and analysis are discussed in section 4 and 

section 5 conclude the paper.  

2 Beamspace MIMO NOMA System Model  

 

In this paper, downlink single cell for mmWave communication system is considered. There are 

NRF Radio Frequency (RF) chains at the base station and it consists of  N transmit antennas, and BS 

serves K single antennas users simultaneously [11]. One of the most commonly used mmWave 

channel is used in this system model which is known as Saleh- Valenzuela channel model [12].   
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The LoS component of 𝑘𝑡ℎ  is represented as 𝛽𝑘
(0)𝒂(𝜃𝑘

(0)) in which 𝒂(𝜃𝑘
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. The NLoS component of 𝑘𝑡ℎ user is expressed as 𝛽𝑘
(𝑙)𝒂(𝜃𝑘
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where the range of 𝑙 is 1 ≤ 𝑙 ≤ 𝐿. The total figure of the NLoS factor is 𝐿. The steering vector with 

dimension 𝑁 × 1 is denoted as 𝒂(𝜃) the steering vector and based on the fundamental ULA [13] 

expressed as below  
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The symmetric set of directories which is placed about zero is represented as 𝐽(𝑁). In this model, 

the spatial domain of the channel in (1) is changed to a beamspace channel through the use of a lens 

antenna array [12]. The exact realization of the lens antenna array is with the spatial discrete 

conversion with the steering vector of N dimension covering the complete space in the N × N 

transform matrix U [14].  

 

𝑼 = [𝒂(𝜃1̅̅ ̅), 𝒂(𝜃1̅̅ ̅),⋯ , 𝒂(𝜃𝑁̅̅̅̅ )]
𝐻                                                               (3) 

 

The pre-determined spatial directions in 
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The beam space channel matrix 𝑯̅ is defined as  

 

𝑯̅ = 𝑼𝑯 = [𝑼𝒉𝟏, 𝑼𝒉𝟐, ⋯ , 𝑼𝒉𝒌] = [𝒉𝟏̅̅̅̅ , 𝒉𝟐̅̅̅̅ , ⋯ , 𝒉𝑲̅̅ ̅̅ , ]                                         (5) 
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Figure 1: (a) Conventional MIMO; (b)  beamspace MIMO; (c) beamspace MIMO-NOMA [15]. 

 

 

As can be seen in Fig. 1 (a), in conventional MIMO schemes, NRF = N, whereas in case of mmWave 

large MIMO system large quantity of antennas are required at the BS such as  NRF = N = 256 or even 

higher [14]. As a result, the straight deployment of mmWave with massive MIMO is impractical 

because of the high cost of the hardware and the energy utilization that RF chains cause [13] e.g, each 



RF chain uses almost 250 mW, while a large MIMO mmWave system with 256 antennas needs 64 

W [16] .  Beamspace MIMO, a recently proposed solution to this problem, can use lens antenna arrays 

to drastically minimise the quantity of radio frequency chains needed in mmWave large MIMO 

scheme without obviously sacrificing performance. As seen in Fig. 1. (b), the spatial domain channel 

(2) can be converted to the beamspace channel by using a lens antenna array. [17]. 

 
 

The number of users severed at the same time may be larger than the 𝑁𝑅𝐹 . However, the nominated 

beams are equivalent to 𝑁𝑅𝐹. Let 𝑆𝑛 total quantity of users served by the 𝑛𝑡ℎ beam. The 𝒉𝑚,𝑛  is the 

channel vector of the 𝑚𝑡ℎ user located in the 𝑛𝑡ℎ beam and 𝒘𝑛 is the precoding vector of the nth with 

the dimension of 𝑁𝑅𝐹 × 1 [15]. For the 𝑚𝑡ℎ user located in 𝑛𝑡ℎ beam (𝑚 = 1, 2,⋯ , |𝑆𝑛| and𝑛 =
1, 2,⋯ , 𝑁𝑅𝐹), received signal can be represented as follows 
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2.1 EXPRESSION OF SINR 

In this system model we take into account the three key terms in (6) to get the SINR equation. The 

initial term is the mth user's wanted signal in the nth beam, and the second term is intra beam 

interference, where all other users in the nth beam are taken into account except the mth user. All users 

of all beams are considered in the case of the final term, which is an inter beam interference, except 

the nth beam and (6) can be further expressed as follows. 
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Then, (7) can be written in the form of SINR for mth user in nth beam as below  
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3 Spectral Efficiency and the Proposed Work 
 

Spectral Efficiency (SE) is a key performance measure for a communication system. It is defined as 

the ratio of channel capacity per bandwidth, that is, 

                                                       𝑆𝐸 =
𝐶

𝐵
= log2(1 + 𝑆𝐼𝑁𝑅)                                                 (10) 

 

In this work, we analyze the SE in beamspace MIMO NOMA system under random uncertainty in 

the channel. More precisely, we consider the following random walk model for the beamspace 

channel: 

                                             𝒉̂𝑚,𝑛 = 𝒉𝑚,𝑛 +𝒒𝑚,𝑛 ,                                                             (11) 

 

where 𝒒𝑚,𝑛 is the random uncertainty in the channel of mth user in nth beam. Thus, the SE for mth 

user in nth beam is given by 
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 After substituting the expression for 𝛾𝑚,𝑛 with the aid of Equations (8), (9), and (11) in the above, 

we achieve the following: 
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The aim of this work is to investigate the impact of random uncertainty 𝒒𝑚,𝑛  on the behavior of SE. 

For this purpose, 𝒒𝑚,𝑛  is modeled as zero mean Gaussian random vector with correlation matrix 

𝑹𝑞 = 𝜎𝑞
2𝑰 , where 𝜎𝑞

2 is the variance. 

4 Results and Discussion 

In this analysis, spectral efficiency is evaluated with perfect of knowledge of the channel and 

imperfect knowledge of the channel with factors 0.01, 0.05 and 0.1. The knowledge of the channel 

determine the overall performance of the wireless communication. The curves show that the spectral 

efficiency with perfect knowledge of the channel is higher for any number of user in the system. the 

worst spectral efficiency is achieved with imperfect channel with factor 0.1 and the performance of 

imperfect channel with factor 0.05 is in between two other factors. Thus, the spectral efficiency of 

beamspace MIMO NOMA for mmWave communication severely affected by the poor knowledge of 

the channel.  



 
 

Figure 2: Spectral efficiency comparison with knowledge of the perfect channel and imperfect channel with factors 

0.01, 0.05, and 0.1.  

5 Conclusion 

 

The use of NOMA overcomes the inadequacy of conventional OMA, such as the limited 

number of resources. The NOMA can be used with different technologies such as beamspace MIMO 

which results in further enhancement in the performance by exploiting the advantages of both 

techniques. In this work, spectral efficiency of the beamspace MIMO NOMA for mmWave 

communication is analyzed with both perfect and imperfect knowledge of the channel. The results 

show that the spectral efficiency of the system is drastically affected by imperfect channels. In future 

work, beamforming can be optimized to deal with this issue. 

 

References 

[1] M. R. G. Aghdam, B. M. Tazehkand, and R. Abdolee, “On the Performance Analysis of mmWave 

MIMO-NOMA Transmission Scheme,” IEEE Trans. Veh. Technol., vol. 69, no. 10, pp. 11491–

11500, Oct. 2020, doi: 10.1109/TVT.2020.3012516. 

[2] Md. J. Piran and D. Y. Suh, “Learning-Driven Wireless Communications, towards 6G,” in 2019 

International Conference on Computing, Electronics & Communications Engineering (iCCECE), 

London, United Kingdom, Aug. 2019, pp. 219–224. doi: 10.1109/iCCECE46942.2019.8941882. 



[3] B. Sliwa, R. Falkenberg, and C. Wietfeld, “Towards Cooperative Data Rate Prediction for Future 

Mobile and Vehicular 6G Networks,” ArXiv200109452 Cs Eess, Jan. 2020, Accessed: Mar. 17, 

2022. [Online]. Available: http://arxiv.org/abs/2001.09452 

[4] M. Jalil Piran et al., “Multimedia communication over cognitive radio networks from QoS/QoE 

perspective: A comprehensive survey,” J. Netw. Comput. Appl., vol. 172, p. 102759, Dec. 2020, 

doi: 10.1016/j.jnca.2020.102759. 

[5] W. U. Khan, F. Jameel, M. A. Jamshed, H. Pervaiz, S. Khan, and J. Liu, “Efficient power 

allocation for NOMA-enabled IoT networks in 6G era,” Phys. Commun., vol. 39, p. 101043, Apr. 

2020, doi: 10.1016/j.phycom.2020.101043. 

[6] W. U. Khan, F. Jameel, T. Ristaniemi, S. Khan, G. A. S. Sidhu, and J. Liu, “Joint Spectral and 

Energy Efficiency Optimization for Downlink NOMA Networks,” IEEE Trans. Cogn. Commun. 

Netw., vol. 6, no. 2, pp. 645–656, Jun. 2020, doi: 10.1109/TCCN.2019.2945802. 

[7] H. Li, F. Fang, and Z. Ding, “Joint resource allocation for hybrid NOMA-assisted MEC in 6G 

networks,” Digit. Commun. Netw., vol. 6, no. 3, pp. 241–252, Aug. 2020, doi: 

10.1016/j.dcan.2020.05.005. 

[8] X. Su, A. Castiglione, C. Esposito, and C. Choi, “Power domain NOMA to support group 

communication in public safety networks,” Future Gener. Comput. Syst., vol. 84, pp. 228–238, 

Jul. 2018, doi: 10.1016/j.future.2017.06.029. 

[9] O. Maraqa, A. S. Rajasekaran, S. Al-Ahmadi, H. Yanikomeroglu, and S. M. Sait, “A Survey of 

Rate-Optimal Power Domain NOMA With Enabling Technologies of Future Wireless 

Networks,” IEEE Commun. Surv. Tutor., vol. 22, no. 4, pp. 2192–2235, 2020, doi: 

10.1109/COMST.2020.3013514. 

[10] R. Shankar, S. Nandi, and A. Rupani, “Channel capacity analysis of non-orthogonal multiple 

access and massive multiple-input multiple-output wireless communication networks considering 

perfect and imperfect channel state information,” J. Def. Model. Simul. Appl. Methodol. Technol., 

p. 154851292110001, Mar. 2021, doi: 10.1177/15485129211000139. 

[11] A. Sayeed and J. Brady, “Beamspace MIMO for high-dimensional multiuser communication 

at millimeter-wave frequencies,” in 2013 IEEE Global Communications Conference 

(GLOBECOM), Atlanta, GA, Dec. 2013, pp. 3679–3684. doi: 10.1109/GLOCOM.2013.6831645. 

[12] Y. Zeng and R. Zhang, “Millimeter Wave MIMO With Lens Antenna Array: A New Path 

Division Multiplexing Paradigm,” IEEE Trans. Commun., vol. 64, no. 4, pp. 1557–1571, Apr. 

2016, doi: 10.1109/TCOMM.2016.2533490. 

[13] P. V. Amadori and C. Masouros, “Low RF-Complexity Millimeter-Wave Beamspace-MIMO 

Systems by Beam Selection,” IEEE Trans. Commun., vol. 63, no. 6, pp. 2212–2223, Jun. 2015, 

doi: 10.1109/TCOMM.2015.2431266. 

[14] X. Gao, L. Dai, Z. Chen, Z. Wang, and Z. Zhang, “Near-Optimal Beam Selection for 

Beamspace MmWave Massive MIMO Systems,” IEEE Commun. Lett., vol. 20, no. 5, pp. 1054–

1057, May 2016, doi: 10.1109/LCOMM.2016.2544937. 

[15] B. Wang, L. Dai, Z. Wang, N. Ge, and S. Zhou, “Spectrum and Energy-Efficient Beamspace 

MIMO-NOMA for Millimeter-Wave Communications Using Lens Antenna Array,” IEEE J. Sel. 

Areas Commun., vol. 35, no. 10, pp. 2370–2382, Oct. 2017, doi: 10.1109/JSAC.2017.2725878. 

[16] X. Gao, L. Dai, S. Han, C.-L. I, and R. W. Heath, “Energy-Efficient Hybrid Analog and 

Digital Precoding for MmWave MIMO Systems With Large Antenna Arrays,” IEEE J. Sel. Areas 

Commun., vol. 34, no. 4, pp. 998–1009, Apr. 2016, doi: 10.1109/JSAC.2016.2549418. 

[17] Y. Zeng and R. Zhang, “Millimeter Wave MIMO With Lens Antenna Array: A New Path 

Division Multiplexing Paradigm,” IEEE Trans. Commun., vol. 64, no. 4, pp. 1557–1571, Apr. 

2016, doi: 10.1109/TCOMM.2016.2533490. 

[18]   M. A. Shaikh, A. Manzar, M. Moinuddin, S. U. Rehman and H. Mustafa, "Semi-Blind 

Beamforming in Beam Space MIMO NOMA for mmWave Communications," in IEEE Access, 

vol. 10, pp. 120426-120435, 2022, doi: 10.1109/ACCESS.2022.3222399. 


