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요 약  

We present the capacity analysis of the millimeter Wave (mmWave) systems in a realistic 3-dimensional spatial channel model 

(3D-SCM) provided by the third-generation partnership project (3GPP). With the consideration of analog elevation 

beamforming in 3D Urban Micro Streat Canyon (UMi-Street Canyon) environment, capacity comparisons are performed 

considering mmWave frequencies. In particular, several factors such as rand and gas losses are analyzed, which have 

significant effects on channel capacity for high frequency communications. 

Ⅰ. 서론  

Millimeter wave (mmWave) has proven to be a 

promising solution in meeting the capacity 

demands. However, these signals experience a 

significant path-loss in free space and cannot 

propagate longer distances with the conventional 

techniques. 

This weakness can be overcome by deploying a 

large number of antennas. Due to the smaller size 

of antennas, many antennas can be compensated 

in a small area. However, one cannot use simply 

conventional digital beamforming techniques for 

multilayer communication due to increase in 

hardware complexity. To obtain efficient multi-

stream performances, hybrid beamforming 

structures have been introduced [1], [2]. 

One such type is full-dimensional MIMO (FD-

MIMO) that provides a practical solution to the 

space limitation issue in very large scale uniform 

linear arrays used in earlier base stations (BS) [3]. 

Hence, the mmWave can be combined with FD-

MIMO that utilizes uniform rectangular array 

(URA) instead of uniform linear arrays (ULA) [4]. 

Therefore, mmWave based FD-MIMO systems 

will be able to efficiently meet the demands of 

future sixth generation (6G) services. 

In this paper, we introduce mmWave systems 

based on FD-MIMO and analyze the sum rate 

performances by introducing the several 

additional loss components that become 

significant under high frequency regime. Also, the 

effect of increasing the elevation dimension 

elements is analyzed and the feasibility of FD- 

MIMO is discussed for future mmWave systems. 

Ⅱ. 본론  

A downlink single user multiple input multiple 

output (MIMO) system is considered in which a 

base station (BS) equipped with M = MYMZ 

active antenna system (AAS) is serving a user 

equipment (UE) with N = NYNZ  antenna array 

system (AAS) placed along yz-plane. The BS 

performs hybrid beamforming with MZ antennas 

forming a ULA in the vertical direction forming a 

single RF chain. The UE on the other end is based 

on one element per RF chain. It is assumed that 

the channel is unknown to the BS transmitter. 

The signal received at the UE is given by  

𝐲 =  √𝜌 𝐅𝐃𝐇𝐅A𝐬 + 𝐅D𝐧                                (2.1) 

where 𝐲 ∈  ℂN×1 and 𝐇 ∈ ℂN×M is the channel, 

𝐬 ∈ ℂMZ×1is the transmitted symbol vector taken 

from i.i.d. source which follows 𝒞𝒩(0, 𝐈MZ
) and 

𝐧 ∈ ℂN×1 is the circularly symmetric complex 

Gaussian (CSCG) noise vector with mean 𝟎 and 

covariance matrix 𝜎𝑛
2𝐈N . 𝐅𝐃 ∈ ℂN×N  and 𝐅𝐀 ∈

ℂM×MZ  are the digital and analog beamforming 
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matrices respectively. 𝜌 is the transmit power 

divided equally among N streams such that 𝜌 =
P

N
 

The analog beamforming is performed at the 

transmitter and can be defined as 

𝐅A = 𝐈MZ
⨂𝐰tilt                                          (2.2) 

 where 𝐈MZ
∈ ℂMZ×MZ  is the identity matrix and 

𝐰tilt ∈ ℂMY×1is the common beamsteering vector 

of each of the stacked ULA along y-axis and each 

entry of this vector can be defined as 

     𝑤𝑚 = exp (
2𝜋

𝜆
dv(m − 1) cos(θtilt)), 

      𝑚 = 1,2, … , MZ. 

θtiltis the elevation angle that can be steered in the 

desired direction. As there is no channel state 

information at transmitter, so digital zeroforcing 

beamforming is implemented at the receiver 

denoted by 𝐅Dend that is defined as 

𝐅D = 𝐇̃𝐇(𝐇̃𝐇̃𝐇)
−1

                                    (2.3) 

where 𝐇̃ = 𝐇𝐅𝐀 ∈ ℂN×MZ is the effective channel 

matrix.The sumrate can be calculated as 

C = ∑ log (1 +
P 

N𝜎𝑛
2‖𝐟𝐢‖2

)

𝐍

i=1

                 (2.4) 

where 𝐟𝐢is the ith row vector of  𝐅D. 

We consider a urban Micro (UMi) street canyon 

scenario with a clustering based ray tracing 3D 

channel model defined by third-generation 

partnership project (3GPP) document TR38.901 

[5]. The extensive simulations are performed for 

various frequencies considering the path-loss 

models defined by [6], [7], [8]. For the sake of 

comparison, the bandwidth is fixed as 100MHz in 

all cases. Fig. 1 shows the variation on sum rate 

with UE distance from the BS under certain path-

loss conditions. The elevation is assumed to be 

pointing towards the UE. One can see that while 

increasing the element size along the individual 

ULA increases the sumrate when moving away 

from the BS. Also, at higher frequencies, the 

effect of rain and gases becomes prominent that 

must be considered while designing the mmWave 

based systems.  

Fig. 2 shows the average sum rate when the UE is 

deployed randomly in a cell considering the fixed 

elevation angle of 100o. Here, the effects of rain 

and gases are analyzed. It can be seen that the 

effect of rain is more prominent than the gas effect 

that affect significantly average sum rate of the 

overall system. 

 

 
Fig. 1 Sum rate comparison for 3GHz and 28Ghz 

frequencies with the UE distance. 

 

Fig. 2 Effects of rain and gas losses for 28GHz frequency 

on average sum rate performance. 
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