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Abstract-The fifth generation mobile communication (5G) 
is being commercialized. As two pivotal technologies of 5G, 
m皿meter-wave (mm Wave) and massive multiple-input multiple
output (MIMO) have attracted widespread attention. Many 
measurements and simulations have been conducted in various 
indoor scenarios combining these two technologies. Nevertheless, 
staircase environments are rarely involved. This paper investi
gates the channel characteristics with MIMO technology at 60 
GHz frequency band in a staircase environment. A simulation 
campaign with 8x16 and lx128 MIMO system is carried out. 
In case of 8x16 MIMO system, the change tendency of average 
power delay profile (APDP) with the movement of receiver 
(Rx) at different transmitter (Tx) heights is studied. The large
scale parameters (LSPs) such as path loss, shadow fading (SF), 
root-mean-square (RMS) delay spread (DS) and angular spread 
(AS), Ricean K-factor (KF) are also analyzed. Then the inter
parameter correlation and decorrelation distance for above LSPs 
are extracted. In addition, the spatial correlation coefficient 
between antenna elements along 64-element linear array with dis
parate Tx heights is also demonstrated. The channel parameter 
characteristics studied in this paper will provide an insight into 
the design of future wireless communication system for staircase 
environment. 

Index Terms一Ray tracing, mmWave, MIMO, LSPs, spatial 
correlation 

I. INTRODUCTION 

With the development of wireless communications, more 
and more wireless devices and applications connect to mobile 
networks, giving rise to a rapid increase of data. In order to 
meet the needs of users, SG technology comes into being, 
and it will be commercialized around 2020. Compared with 
previous generations of mobile communication technologies, 
SG towards higher data rate, higher system capacity and 
lower network delay. Massive MIMO and mmWave are two 
most promising technologies of SG. With smaller wavelength, 
the mm Wave frequency is an excellent choice to satisfy the 
demands of massive MIMO [l]. Researches on the sixth 
generation mobile communication (6G) are being carried out, 
it will be in a much higher frequency band. Massive MIMO 
technology is likely to provide important technical support for 
the 6G. Therefore, research on massive MIMO technology at 

mm Wave bands still has a great significance to future wireless 
communications. 

From the existing literatures, massive MIMO technology 
and mm Wave have been used to conduct numerous researches 
in a variety of indoor scenarios recent years. In particular, 
since 60 GHz can provide up to 7 GHz unlicensed spectrum, 
it has the most potential to develop multigigabit wireless 
communication systems [2], and has gained extensive concern. 
In [3], the received power and fading characteristics were 
studied in L-shaped and T-shaped corridor environments based 
on ray tracing method at 60 GHz. Vertically polarized omnidi
rectional antennas were used in [ 4] to investigate the channel 
characteristics such as RMS DS, path loss and received 
power in a living room at 60 GHz band. In [5], simulation 
and uniform virtual array (UVA) based channel measurement 
were implemented in an office environment, the small-scale 
channel properties like power delay profile (PDP) and power 
angular spectrum were analyzed. Similarly, the combination 
of massive MIMO technology and mm Wave has attracted a 
lot of attention. Massive MIMO was applied for measurement 
and simulation at around 26 GHz in a center hall environment 
to investigate the channel characteristics [6]. The influence 
of spatial correlation between antenna elements on channel 
capacity was studied in an open office environment based on 
28 GHz MIMO channel measurement [7]. In the same indoor 
office environment, combined with massive MIMO technolo
gy, experimental channel measurements were conducted at 11, 
16, 28, and 38 GHz bands [8]. 

As a vital part of the floor building, staircase plays an impor
tant role in our daily life as well as emergency situations [9]. It 
is favourable for the future communication system deployment 
and design to study the wireless channel characteristics in 
staircase environments. In [9], measurements and simulation 
at 2.4 GHz with different antenna polarization modes were 
carried out to investigate the propagation characteristics in 
a staircase. A novel path loss model was proposed under 
mdoor staircase envrronment at 2.6 GHz [10], [11]. Both 
two papers considered the influence of antenna height. In 
addition, [10] premeditated the impact of beams in some stairs, 
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