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ABSTRACT 

 
This paper investigates the impact of antenna rotation’s angle at the receiver side and antenna height at 

transmitter side on radio channel’s amount of fading. Amount of fading is considered as a measure of 

severity of fading conditions in radio channels. It indicates how severe the fading level relative to Rayleigh 

fading channel. The results give an input to optimize height of 5G Wi-Fi access point for better link 

performance for different antenna’s rotation angles at receiver side. The investigation covers three 

different indoor environments with different multipath dispersion levels in delay and direction domains; 
lecture hall, corridor, and banquet hall. 
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1. INTRODUCTION 

 
The coming generations of Wi-Fi wireless networks 5G-Wi-Fi, IEEE 802.11ac [1] and WiGig 
(Millimeter Wave), IEEE 802.11ad are expected to provide extremely high data rate 
communication services. These technologies are mainly required to support advanced services 
such as efficient real-time video communication for users. Vast majority of mobile users usually 
spend most of their time in indoor environments. In fact, these indoor environments are 
miscellaneous and diverse. Communication system performance depends on radio channel 
characteristics of each indoor sceanario. The radio channel characteristics are function of 
distribution of scatterers, mobility in the channel at both ends of the connection link, bandwidth, 
frequency, and antenna’s position of both transmitter and receiver and their radiation patterns as 
well. 
 
The IEEE 802.11ac has a mandatory operation at the 5 GHz frequency range and bandwidth of 80 
MHz with 160 MHz available optionally. The interference level near 5 GHz is less than that at 
around 2 GHz due to less usage of the bandwidth. The increase in throughput comes mainly from 
the increase in bandwidth to deliver high data rates of video applications to user terminals. The 
technology supports multi-user, multi-input, multi-output (MU-MIMO) scenarios and utilizes the 
256 quadrature amplitude modulation (QAM). The standard group approved TGac Channel 
Model Addendum v12 [2,3], which are mainly modifications of the IEEE802.11n channel models 
[4] for wide bandwidth. The adopted models assume fixed tapped delay line channel models with 
a tap spacing of 5 ns and with some defined directional clusters. The directional clusters 
parameters are defined for angle of arrival and its angular spread, and angle of departure and its 
angular spread for every tap within its directional cluster. 
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It is important to study the impact of re-configurability of antenna pattern vertical and horizontal 
polarizations due to its rotation angle at client’s side and antenna heights at access point side in 
different indoor environments that have different channel characteristics in terms of dispersion in 
delay and direction domains. The adopted channel model by IEEE 802.11ac, i.e., TGac does not 
provide the capability for such study since it has fixed delayed components that do not vary with 
mobile station variability. So, this work adopts physics-based model that derives each ray’s 
parameters from environment geometry.      
 
In this work, we present the impact of re-configurability antenna patterns due to its rotation at 
client side and height of access point in three different common indoor environments (lecture hall, 
corridor and banquet hall) on amount of fading.  
 

2. RADIO CHANNEL MODEL 

 
Radio wave propagation in an indoor environment is confined by the scatterers from different 
directions such as side walls, opposite walls, floor and ceiling. For indoor line of sight 
propagation, signals arrive at the receiver via direct path, signals bounce between opposite walls, 
side walls, ceiling and floor or any combinations between these different surfaces. This makes the 
signal arrive from almost all possible azimuthal angles with large directional dispersion in the 
vertical directional plane. These different rays would experience different antenna gains and 
losses as a function of angular information, azimuthal and co-elevation departure and arrival 
directions. The adopted channel model in this work is based on the physics of the specular 
reflection propagation mechanism in addition to the line of sight component. These propagation 
mechanisms are presented in terms of multi-rays that exhibit multi-dimensional parameters. This 
work models also the RF propagation in commonly shaped cubical indoor environment. This 
particular shape of indoor environment includes different propagation scenarios such as a 
corridor, office, lecture hall, convention center, etc. The tested model essentially presents similar 
features to the model presented in [5]. The simulated propagation characteristics are determined 
by the input parameters to the model and communications link setup. The input parameters to the 
channel model include operating frequency, system bandwidth, antenna’s polarization and the 
heights of transmitter and receiver, antennas’ field pattern, electrical properties of scatterers, etc. 
The communication link setup includes the locations of transmitter and receiver antennas with 
respect to the scatterers and reflecting surfaces such as ceiling, side and opposite walls, etc. In this 
physical model, each ray is determined by its parameters defined by its delay, azimuth-co-
elevation angle of arrival, and azimuth-co-elevation angle of departure. The complex amplitude of 
each ray is computed with electromagnetic formulations for free space loss and loss due to the 
interaction with the scatterers in the environment. The interaction loss depends on the interaction, 
wave-front and geometrical properties of impinging rays and physical properties of reflecting 
surfaces. Different coefficients can be used to capture the interaction losses that depend on the 
transmit waveform type: plane wave, cylindrical wave or spherical wave. The most commonly 
used reflection coefficient is the Fresnel plane wave reflection coefficient, which is valid for flat 
surfaces and is function of the incidence angle and electrical properties of the reflecting surface. 
The RF propagation characteristics depend on how the multi-ray components interact with each 
other based on their phases and amplitudes constructively or destructively to create different 
fading profiles. The multi-domain RF characteristics depend on the dispersion pattern in their 
corresponding domain such as delay, direction and Doppler. 
 
The received signal is obtained as a sum of multi-ray components as linear superposition of N 
individual rays, and it can be represented as follows: 
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, 
 

where  is the wave number expressed as ,  is the wavelength of operating frequency,  

denotes the Fresnel reflection coefficient for the p-th wave-interface intersection, , 

 are the transmitter and receiver antenna gain, respectively,  is the velocity (speed and 
direction) of the mobile terminal, which is assumed as the receiver in this notation, and defined by 

 and  stands for the arrival direction vector defined for ray n as   

 
 

where  and  are the horizontal and co-elevation arrival angles of ray n (or LOS ray when 

subscript is los) relative to the x-axis and z-axis, respectively, and   is the path length of ray n, 

 denotes the distance traversed by the specular wave between the (p - 1) and p-th boundary 

intersections,  is the length of LOS path and  is the specular reflection path length. 

 

3. Reconfigurable Antenna (RA)  

 
It can be used in a way to change radio channel characteristics in favor of enhancing performance 
of wireless communications system. The RA, per control, can change its field pattern, pointing 
direction, operating frequency and polarization. The key part in gaining benefit from RA is based 
on understanding the interplay between superposition of complex signals of multipath 
components of radio channel, three dimensional antenna patterns, and velocity of mobile 
terminal. This interplay would affect channel characteristics in delay, direction and Doppler 
domains, which will have impact on their corresponding correlation parameters such as coherence 
spectra (i.e., frequency correlation), spatial correlation and coherence time, respectively. The RF 
agility of RA can be used to change some of these channel correlation properties such as the 
coherence time and power weighted multipath dispersion metrics. In this work, reconfiguring 
antenna pattern of a mobile device is simulated in terms of rotation angle of the antenna, which 
changes antenna pattern for vertical polarization that can be written as [6] 
 

 
 

and its antenna gain pattern for horizontal polarization is  
 

 
 

where  and the angle  is the rotation angle of the antenna 

element from z-axis in the vertical zx-plane,  is the azimuth angle relative to x-axis, is the 
elevation angle relative to z-axis, the coefficient 1.64 corresponds to the directivity of the half-
wavelength dipole antenna. 
 

4. Amount of Fading 

 
The selected measure of severity of fading in this work is the amount of fading (AF), which can 
be computed using the first and second central moments of SNRs at diversity output. The AF is 
defined in [7-9] as  
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where  is the instantaneous fading amplitude of a complex fading channel,  and  are 
the statistical mean and variance, respectively. To quantify the probability distribution of fading, 

it is mentioned in [7,8] that for Nakagami-  fading distribution of , the amount of fading (AF), 

,  whose range is [0, 2]. When , AF=0, which corresponds to the situation of 

“no fading”. When   the AF = 1, which corresponds to Rayleigh fading, and when  
AF = 2, which corresponds to the one-sided Gaussian distribution and the severest fading 
assumed by the Nakagami-m fading channel. Hence, when AF<1, the fading severity of the radio 
channel is considered less than that of Rayleigh channel and the otherwise AF>1. It is expected 
that the communication system performance degradation increases with AF. It is worth to 
mention that the fading parameter in line of sight (LOS) propagation, K factor, of Rician fading 
distribution is a function of the AF.  The K factor is defined as the ratio of power received via 
LOS propagation to the power of non-LOS paths. This relationship between AF and K parameter 
is presented in [10] as follows 

 
 
Different forms of this relationships are also given in [11-13]. So, the estimation of AF can be 
used to indicate K parameter of Rician fading channel as well as m parameter of Nakagami-m 
fading channel since AF=1/m. The AF formulation in [14] is presented in closed form expression 
for identically distributed spatially correlated Nakagami-m fading fading channel at output of at 
the output of a space–time block-coded multiple-input–multiple-output (MIMO) diversity system. 
A closed-form expression for high order amount of fading for Nakgami-m fading channel is 
presented in [15], which was defined originally in [16].  
 

5. Numerical Results 

 
The presented results are obtained for three different indoor environments, where the 
IEEE802.11ac system may operate. These indoor environments are 1) lecture hall with 
dimensions, height (H) =4 m, width (W) = 8 m, length (L) = 10 m, 2) corridor with dimensions: H 
= 4 m, W = 2 m, and L = 30 m, and 3) banquet hall with dimensions: H = 10m, W =15 m, and L = 
50. The simulations are set-up for a Wi-Fi antenna access point (AP) at different eights (¼ H, ½ 
H, ¾ H, and H) and client station antenna height is 1.7 m. It is assumed that AP is the transmitter 
and client station is the receiver. The receiver speed is 3 km/hr, which is defined as the pedestrian 
speed in 3GPP standard [17].  Number of source images per reflecting surface is set to 6 that 
cause multiple reflection rays in addition to the line of sight component. Reflecting surfaces have 
relative permittivity of 5 and conductivity of 0.02. The simulated temporal range is for one 
second for every spatial location. The temporal sampling rate is 26,000 samples/sec. In order to 
investigate the effect of the environment on similar communication link setups, the three indoor 
environments have been tested for same route from the access point. A route starting from a 
horizontal distance of 2 m from AP till 9.5 m with spatial resolution of about 2.5 cm is used in the 
study. It is assumed that transmitter antenna is vertically polarized.  Re-configurability of antenna 
pattern is done via controlling rotation angle. Three different rotation angles have been selected to 
generate three different antenna patterns for vertically polarized antennas.  Figure 1 shows the 
three antenna patterns for vertical polarization state for three antenna states correspond to three 
rotation angles; 0o, -15o, and -55o.  Figure 2 shows samples of fading profile for 0o rotation angle 
in a lecture hall for four different heights of access points. The severity of fading levels in fading 
profiles are computed with AF. The AF values are shown on Figure 2 as follows: 1) for AP height 
at ¼ H, the AF = 0.34, 2) for AP height ½ H, AF = 0.22, 3) for AP height ¾ H, the AF = 0.6, and 
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4) for AP height H, the AF = 0.89. Hence, it can be observed that for this particular sample, the 
fading profile of AP placed at ceiling has highest fading level and lowest fading level is observed 
when the AP is placed at height half the ceiling height. From this analysis, we see that we can 
map fading profiles as shown in Figure 2 from time series presentation to indices that indicate the 
fading severity levels. In order to get the feeling of AF numbers with severity of different fading 
channel models, Figure 3 shows cumulative distribution function (CDF) of envelopes of 
Rayleigh, double Rayleigh and Rician fading channels. The AF of Rayleigh fading is one while 
that of the double Rayleigh fading channel is three. Rician fading channels for every k parameter, 
it becomes Rayleigh as can be seen in Figure 3 for K = - 10 dB, while for AF decreases with 
increasing of K factor.  
In order to get statistically significant results, we need to compute the AF for large number of 
positions within the indoor environment for different heights of AP and different rotation angles. 
The AF values are presented in terms of CDF. Figure 4 shows CDF of AF for antenna rotation 
angles in the three different indoor environments. Table I summarizes the 90th percentile of CDF 
curve for rotation angle of 0o. It can be seen that the curve of least AF values correspond to AP of 
height ½ H, ½ the ceiling height, for lecture hall and corridor environments but not for banquet 
hall. The height of AP that correspond to lowest AF in banquet hall is the ¼ H. However, the 
difference in the 90% percentile values of ¼ H and ½ H for banquet hall might be considered 
small. Very similar observed results can be seen for clients’ antenna rotation angles at -15o as 
depicted on Figure 5 and presented in Table II. For client antenna’s rotation angle at -55o, the 
lowest AF curve is observed to correspond to AP height on ceiling for lecture hall and corridor 
indoor environments, while for banquet hall, it is still the AP height of ¼ H has the lowest AF 
curve. This clearly shown on Figure 6. Table III presents the 90th percentile of AF in the three 
indoor environments for antenna’s rotation angle of -55o. Lecture hall and corridor shows quite 
similar results of AF at this percentile and the value is close to that of Rayleigh fading channel. 
The significant corresponding values are clearly observed for banquet hall for the three AP 
antenna heights. It should be remembered that the curve of lowest AF corresponds to channels 
that have highest performance of wireless communication system. The other parameter that 
describes the stationarity of the fading process is the coherence time of the radio channel and how 
it is related to AF since AF is computed for particular time interval of channel series. Coherence 
time is a measure of similar behavior of radio channel over a particular period. We compute it 
here from autocorrelation of time series of channel envelopes at what time the normalized 
autocorrelation coefficient starts to be below 0.5. We extracted the coherence times for all 
channel positions, where we already computed the AF values. Then, we calculated the cross-
correlation level between the AF and coherence time. Table IV presents correlation levels for the 
three indoor environments and the four AP antenna heights for the case, when antenna’s rotation 
angle is 0o. It can be seen that the highest absolute correlation levels correspond to the case when 
the AP antenna height is ½ the ceiling height. The values indicate that the as the AF gets lower 
the coherence time gets longer, which is expected since the low AF means the that radio channel 
is less sever fading and stability condition is what makes the coherence time longer. The absolute 
correlation values for banquet hall are largest for AP heights of ¼ H and at ceiling. Their 
correlation values are quite similar but the curve of AF of AP height of ¼ H is smallest. Table V 
presents correlation levels between channel coherence time and AF for the three indoor 
environments when client antenna’s rotation angle is -15o. It shows very similar results as in the 
case of rotation angle of 0o. Table VI presents the corresponding correlation values for rotation 
angle of -55o. The larges absolute correlation values is observed for the case of AP antenna is 
placed on ceiling of lecture hall and corridor. While for banquet hall, the largest absolute 
correlation value is for the case of AP antenna height is at ¼ H.       
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6. CONCLUSIONS 

 
This work showed that impact of client antenna re-configurability in terms of its rotation angle 
and impact of antenna height of AP on level of AF in three different indoor environments of 
different dispersion characteristics. The results show that for placing antenna of AP at height ½ of 
the ceiling height in lecture hall and corridor leads to least AF, which may lead to higher 
performance of wireless communication system. This is true when rotation angle is close to 
vertical polarization, i.e., 0o and -15o, but the effect of AP height on AF is quite small when 
rotation angle is -55o.  For banquet hall, the results show that placing AP antenna height at ¼ H 
shows lowest ranges of AF at antenna’s rotation angles of 0o and -15o and when AP is on the 
ceiling results in smallest values of AF for rotation angle of -55o.   
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Table I. The 90th percentile of AF for antenna’s rotation angle of 0o. 
 

 ¼ H ½ H ¾ H H 
Lecture Hall 1.14 0.81 1.21 1.14 

Corridor 0.89 0.75 0.96 1.10 
Banquet Hall 0.71 0.84 1.03 1.11 

 

Table II. The 90th percentile of AF for antenna’s rotation angle of -15o. 
 

 ¼ H ½ H ¾ H H 
Lecture Hall 1.17 0.84 1.14 1.02 

Corridor 0.92 0.79 0.89 0.98 
Banquet Hall 0.66 0.69 0.79 0.83 

 

Table III. The 90th percentile of AF for antenna’s rotation angle of -55o. 
 

 ¼ H ½ H ¾ H H 

Lecture Hall 1.03 1.03 1.06 0.99 
Corridor 0.95 1.10 0.93 0.99 

Banquet Hall 0.74 0.56 0.44 0.42 

 
Table IV. Correlation value between channel coherence time and AF for antenna’s rotation angles of 0o. 

 

 ¼ H ½ H ¾ H H 
Lecture Hall -0.55 -0.62 -0.5 -0.33 

Corridor -0.68 -0.79 -0.69 -0.65 
Banquet Hall -0.57 -0.34 -0.50 -0.60 

 
Table V. Correlation value between channel coherence time and AF for antenna’s rotation angles of -15o. 

 

 ¼ H ½ H ¾ H H 
Lecture Hall -0.57 -0.61 -0.46 -0.42 

Corridor -0.64 -0.78 -0.69 -0.70 
Banquet Hall -0.61 -0.43 -0.51 -0.61 

 
Table VI. Correlation value between channel coherence time and AF for antenna’s rotation angles of -55o. 

 

 ¼ H ½ H ¾ H H 
Lecture Hall -0.48 -0.54 -0.60 -0.81 

Corridor -0.40 -0.75 -0.46 -0.73 
Banquet Hall -0.69 -0.65 -0.63 -0.20 
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a. Rotation angle = 0o 

 
b. Rotation angle = -15o 

 
a. Rotation angle = -55o 

Figure 1. Antenna pattern for vertical polarization at different antenna’s rotation angles 
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. Figure 2. Samples of fading profiles and corresponding AF values 

 

 
 

Figure 3. CDF of different common fading channels with their corresponding AF values. 
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a. Lecture Hall 

 

b. Corridor 

 

c. Banquet Hall 
Figure 4. Impact of antenna height of AP on AF in three different indoor environment for 0o rotation angle of 

antenna at mobile station 
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a. Lecture Hall 

 
b. Corridor 

 
c. Banquet Hall 

Figure 5. Impact of antenna height on AF in three different indoor environment for -15o rotation angle of 
antenna at mobile station. 
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a. Lecture Hall 

 

b. Corridor 

 

c. Banquet Hall 
Figure 6. Impact of antenna height on AF in three different indoor environment for -55o rotation angle of antenna at 

mobile station. 
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