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Abstract— Millimeter-wave (mmWave) communication is most likely to appear as an aspiring technology in the upcoming generation of 

cellular communication (5G). To confront several challenges (e.g., system complexity, energy consumption, etc.), hybrid precoding is 

largely investigated in mmWave massive MIMO systems due to its low energy consuming nature and reduced system complexity. The 

analog processing part of the hybrid precoding network is analyzed by either Phase-Shifters (PS) or Switches (SW) or by Switches and 

Inverters (SI). In this paper, we consider the downlink communication of a mmWave massive MIMO system and analyze the achievable 

sum-rate of a hybrid precoding scheme based on successive interference cancellation (SIC) algorithm which utilizes PS, along with two 

other precoding schemes namely AS-based and ACE-based precoding which utilizes SW and SI respectively in both mmWave channels as 

well as in different wireless channels. Results demonstrate that the SIC-based scheme achieves near-optimum sum-rate in different 

wireless channels and mmWave channel as well to other architectures and performs even better in the conventional wireless channels 

than in mmWave channel. Results also indicate that the sum-rate is even nearer to optimal when the user antennas and RF chains are 

sufficiently increased. 

Index Terms— 5G, massive MIMO, mmWave, hybrid precoding, achievable sum-rate, near-optimal. 

——————————      —————————— 

1 INTRODUCTION                                                                     

ISCO Internet Business Solutions Group (IBSG) predicted 
that there will be 50 billion connected devices by the year 
2020 [1]. To handle this huge wireless data traffic, current 

cellular technology (e.g., fourth generation) is most likely to be 
replaced by 5G technology [2]. The spectrum abundance in 
mmWave frequencies (30-300 GHz) has led it to be a ’gold 
rush’ technology in the development of 5G. Another aspiring 
technology of 5G is massive MIMO which essentially assem-
bles transmitter and receiver antennas to ensure better sum-
rate [3]. To recover few shortcomings of mmWave communi-
cation associated with its small wavelength and severe path 
loss, more advanced technology has been proposed recently: 
unification of mmWave and massive MIMO [4] which has the 
potential to achieve higher sum-rate associated with massive 
MIMO configuration and large antenna array gain associated 
with a high frequency of mmWave communication, hence can 
greatly mitigate the serious attenuation problem in mmWave 
communication. Hybrid analog/digital precoding [5] has been 
introduced recently for its potential to lower both cost and 
complexity of the system because of using reduced RF chains, 
which is also very feasible in mmWave massive MIMO net-

works. In the analog RF processing part of hybrid precoding, 
largely three types of networks have been analyzed: the first 
one is the finite precision variable PS-based architecture which 
works by altering the phases of the complex symbols at the 
baseband, the second one is SW-based architecture [6] which 
reduces the cost and power consumption to a great extent and 
the third one is switch and inverter (SI)-based net architecture 
which works by altering the phases of the complex symbols at 
the baseband, the second one is SW-based architecture work 
[7]. To increase the achievable sum-rate as much as possible 
(near-optimal), the authors of [8] have developed a SIC-based 
hybrid precoding scheme (PS-based), where they disintegrate 
whole capacity optimization problem into two sub-classes; 
every sub-class considers a sub-array and then capacity opti-
mization of each sub-array is performed sequentially. In this 
work, we exploit the SIC-based scheme and evaluate its 
achievable sum-rate and compare it with the sum-rate of AS-
based and ACE-based hybrid precoding [7] in different wire-
less channels and mmWave channel as well with different 
massive MIMO antenna configurations. The main contribution 
of this paper is the analysis of the sum-rate of SIC-based pre-
coding in different channels. 

In Section 2, system model is introduced. In Section 3, sim-
ulation results are discussed. Lastly in Section 4, the conclu-
sion is drawn. 

2 SYSTEM MODEL 

Figure 1 depicts hybrid precoding architecture for downlink 
mmWave massive MIMO comunication. The base station (BS) 
supports N antennas and NRF RF chains to provide K users. 
Now the receive signal vector y for K users is expressed as: 

                                                              (1) 

C 
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where H is the channel matrix, FBB denotes baseband digital 
precoder with dimension NRF × K satisfying the total transmit 
power constraint as ||FRFFBB||2

F = γ, where γ is the total 
transmit power and n is the additive white Gaussian noise 
(AWGN) vector which follows independent and identical dis-
tribution (i.i.d.) CN (0, σ2). Now, the achievable sum-rate R can 

be expressed as: 

                                                          (2) 

Where, SINRk represents the signal-to-interference-plus-
noise ratio of the kth user which can be obtained from (14) in 
[7]. The channel matrix H is obtained from (2) in [7], where 
they obtained the geometric channel model for mmWave 
communications. Now, this channel matrix H can be derived 
for different wireless channels also. The Rayleigh fading chan-
nel can be modeled as [9]: 

                                                                  (3) 

 

 

 

 

 

 

Fig. 1: Hybrid precoding structure for mmWave massive MIMO systems. 

with circularly symmetric complex Gaussian random varia-
bles. The Rician fading channel can be modeled as [9]: 

  

       

where the first term corresponds to the specular path arriv-
ing with uniform phase θ and the second term corresponding 
to the aggregation of the large number of reflected and scat-
tered paths, independent of θ. The parameter k (Rician factor) 
is the ratio of the energy in the specular path to the energy in 
the scattered paths. 

The Nakagami-m fading channel can be written as [10]: 

                                                        (5) 

Where, 

                                                                     (6) 

and θ is defined as (0,2π). 

ZRe
2 is a Chi-square distributed random number, which is given by, 

                                                 (7) 

Where, X is the m-Gaussian random variables with zero mean and 

variance  in both the real and imaginary parts. 

                                                                                                                                         

 

3 SIMULATION RESULTS 

3.1 Sum-rate vs SNR 

Figure 2 evaluates the SE comparison in Rayleigh, Rician, 
and Nakagami-m fading channels respectively, where N = 64 
and K = 16. Here the SIC-based scheme is for PS based archi-
tecture, AS-based precoding is based on SW-based network 
and the ACE-based hybrid precoding is for Si-based architec-
ture [7]. In Fig. 2a, for the Rayleigh fading channel, we observe 
that the SIC-based scheme outperforms other precoding 
schemes (except the ZF precoding) in terms of SE. The best 
performance of digital ZF precoding is only intuitive as it ena-
bles only digital precoder for precoding purposes. For the Ray-
leigh fading channel, we notice the SIC-based hybrid precod-
ing exceeds SE of the AS-based scheme by 4 dB and ACE-
based scheme by almost 6 dB. The same trend is followed in 
Fig. 2b, for  
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Fig. 2: Achievable sum-rate comparison, where N = 64 and K = 16 for (a) 

Rayleigh fading channel, (b) Rician fading channel, (c) Nakagami-m fading 

channel. 
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Fig. 3: Achievable sum-rate comparison, where N = 128 and K = 32 for (a) 

Rayleigh fading channel, (b) Rician fading channel, (c) Nakagami-m fading 

channel. 

Rician channel but the SE is greater here than for Rayleigh 
channel. The gap between the curves has also shrunk noticea-
bly. The reason behind the increased SE in the Rician channel 
is that the Rician channel has at least one strong line-of-sight 
(LoS) path while transmission of signals, as a result, the 
achievable sum-rate is higher here. For Nakagami-m fading 
channel in Fig. 2c, the same trend is observed as the Rayleigh 
fading channel. In all 3 channels, the reason behind the high 
SE of SIC-based hybrid precoding is that it utilizes a high 
number of phase-shifters in the analog processing part of pre-
coding while the AS-based scheme utilizes energy-efficient 
switches for the same purpose and the ACE-based scheme 
uses even more energy-efficient switches and inverters, as a 
result, their achievable sum-rate is much lower in all the chan-
nels than SIC-based hybrid precoding. In Fig. 3, for N = 128 
and K = 32, the same trend is followed throughout the whole 
SNR range by the schemes in all 3 channels as in Fig. 2 except 
for the fact that the SE of all the methods increased almost 
double as a result of increased base station antennas and user 
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                                                    (c) Nakagami-m 

Fig. 4: Achievable sum-rate comparison against K, where N = 64 for (a) 

Rayleigh fading channel, (b) Rician fading channel, (c) Nakagami-m fading 

channel.  

antennas. 

3.2 Sum-rate vs K 

In Fig. 4, the achievable sum-rate comparison against K is 
shown in the same channels as in Fig. 2 and in Fig. 3 
where N = 64 and K is varied from 1 to 16. Here we observe 
the digital ZF precoding performs best as earlier. And the SIC-
based scheme achieves a higher sum-rate than other schemes 
particularly after K ≥ 8, there is a linear upward curve of the 
SIC-based scheme as K increases. We also observe that the 
ACE-based precoding suffers severe degradation after K ≥ 8 
which in turn implies that as the number of users increases to 
a certain level, the AS and ACE-based scheme fails to provide 
with sufficient sum-rate while the SIC-based precoding 
achieves sufficient sum-rate even with an increased number of 
users since it utilizes a large number of phase-shifters in the 
analog processing part. Here also the highest sum-rate is ob-
served in the Rician channel. Figure 5 illustrates the sum rate 
comparison when N = 128 and K is varied from 1 to 32. Here 
the SIC-based schemes achieve higher sum-rate than other 
schemes particularly after K ≥ 8. And the sum-rate is also in-
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creased much more as a result of the increased number of base 
station antennas. 

3.3 Sum-rate analysis in mmWave channel 

Figure 6 evaluates the SE comparison for different massive 
MIMO antenna configurations in the mmWave channel. In Fig. 
6a, when N = 16, K = 4, we observe a higher sum-rate of ACE-
based precoding than other schemes, which is interesting to 
notice. This is because as the number of base station antennas 
and users is very limited here, the ACE-based scheme can 
achieve sufficient sum-rate throughout the SNR range. Then 
again in Fig. 6b, the higher sum-rate of the old SICbased 
scheme is observed when N = 64 and K = 16. Here we notice 
that the achievable sum-rate of the SIC-based scheme is 48 
bps/Hz whereas, for the same antenna configuration (N = 64, 
K = 16), the sum-rate is much higher in Rayleigh, Rician, and  

 
 
 
 
 
 
 
 
 
 
 
                                               (a) Rayleigh                                                       
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                                             (c) Nakagami-m 

Fig. 5: Achievable sum-rate comparison against K, where N = 128 for (a) 

Rayleigh fading channel, (b) Rician fading channel, (c) Nakagami-m fading 

channel. 

Nakagami-m fading channels (58,67 and 51 bps/Hz respect 
ively). 

TABLE 1 

SIMULATION PARAMETERS 

 

 

 

 

 

 

This goes for the other schemes as well. In Fig. 6c, the same 
trend is noticed for N = 128 and K =64.  
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Fig. 6: Achievable sum-rate comparison for mmWave channel. 

Figure 7 illustrates the sum-rate comparison against K in 
mmWave channel. In Fig. 7a, we observe the better perfor-
mance of ACEbased schemes. than other precoding methods 
which are again since there is a very limited number of N and 
K. When N = 64 and K is varied from 1 to 16 we again observe 
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the higher sum-rate performance of the SIC-based scheme 
where the AS and ACE- based precoding suffers poorly along 
with the range of K. In Fig.7c, the same trend is observed. The 
reason behind the higher sum-rate in conventional wireless 
channels than in mmWave channel is that the mmWave chan-
nel has very limited multipath components and poor scatter-
ing nature compared to the i.i.d. Rayleigh fading and other 
conventional channels.    
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Fig. 7: Achievable sum-rate comparison against K for mmWave channel. 

4 CONCLUSION 

In this paper, we analyze various hybrid precoding 
schemes in various wireless channels. Simulation results de-
pict that the SIC-based hybrid precoding enjoys near-optimal 
achievable sum-rate in both mmWave channel and different 
wireless channels since it utilizes a high number of phase-
shifters and performs even better in the conventional wireless 
channels than in mmWave channel. Results also indicate that 
the achievable sum-rate can be made even closer to optimal by 
increasing the number of user antennas and RF chains. Our 

future work will focus on analyzing the energy efficiency of 
these hybrid precoding methods in the mmWave channel as 
well as in different wireless channels. 
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