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ABSTRACT

This paper investigates the impact of antenna romé angle at the receiver side and antenna heaght
transmitter side on radio channel’'s amount of fadidmount of fading is considered as a measure of
severity of fading conditions in radio channelsinidicates how severe the fading level relativ®&yleigh
fading channel. The results give an input to oménheight of 5G Wi-Fi access point for better link
performance for different antenna’s rotation anglas receiver side. The investigation covers three
different indoor environments with different mutip dispersion levels in delay and direction dorsain
lecture hall, corridor, and banquet hall.
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1.INTRODUCTION

The coming generations of Wi-Fi wireless networksWi-Fi, IEEE 802.11ac [1] and WiGig
(Millimeter Wave), IEEE 802.1lad are expected toove extremely high data rate
communication services. These technologies are lyne#guired to support advanced services
such as efficient real-time video communication dsers. Vast majority of mobile users usually
spend most of their time in indoor environments. fhtt, these indoor environments are
miscellaneous and diverse. Communication systenfoqpeance depends on radio channel
characteristics of each indoor sceanario. The radtiannel characteristics are function of
distribution of scatterers, mobility in the chanaglboth ends of the connection link, bandwidth,
frequency, and antenna’s position of both tranemaind receiver and their radiation patterns as
well.

The IEEE 802.11ac has a mandatory operation & ez frequency range and bandwidth of 80
MHz with 160 MHz available optionally. The interégrce level near 5 GHz is less than that at
around 2 GHz due to less usage of the bandwidté.iffdrease in throughput comes mainly from
the increase in bandwidth to deliver high datasatevideo applications to user terminals. The
technology supports multi-user, multi-input, mutitput (MU-MIMO) scenarios and utilizes the
256 quadrature amplitude modulation (QAM). The dtad group approved TGac Channel
Model Addendum v12 [2,3], which are mainly modificas of the IEEE802.11n channel models
[4] for wide bandwidth. The adopted models assumedftapped delay line channel models with
a tap spacing of 5 ns and with some defined doeati clusters. The directional clusters
parameters are defined for angle of arrival andiitgular spread, and angle of departure and its
angular spread for every tap within its directioclakster.
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It is important to study the impact of re-configbitdy of antenna pattern vertical and horizontal
polarizations due to its rotation angle at clieside and antenna heights at access point side in
different indoor environments that have differehaucnel characteristics in terms of dispersion in
delay and direction domains. The adopted channeleioy IEEE 802.11ac, i.e., TGac does not
provide the capability for such study since it iiasd delayed components that do not vary with
mobile station variability. So, this work adoptsypits-based model that derives each ray’s
parameters from environment geometry.

In this work, we present the impact of re-confidulity antenna patterns due to its rotation at
client side and height of access point in threfedéht common indoor environments (lecture hall,
corridor and banquet hall) on amount of fading.

2.RADIO CHANNEL M ODEL

Radio wave propagation in an indoor environmentasfined by the scatterers from different
directions such as side walls, opposite walls, rflamd ceiling. For indoor line of sight
propagation, signals arrive at the receiver viadipath, signals bounce between opposite walls,
side walls, ceiling and floor or any combinatioreivizeen these different surfaces. This makes the
signal arrive from almost all possible azimuthaglas with large directional dispersion in the
vertical directional plane. These different raysuldoexperience different antenna gains and
losses as a function of angular information, aziraliand co-elevation departure and arrival
directions. The adopted channel model in this wisrlbased on the physics of the specular
reflection propagation mechanism in addition to lthe of sight component. These propagation
mechanisms are presented in terms of multi-raytsetkizibit multi-dimensional parameters. This
work models also the RF propagation in commonlypslacubical indoor environment. This
particular shape of indoor environment includesfedédnt propagation scenarios such as a
corridor, office, lecture hall, convention centet;. The tested model essentially presents similar
features to the model presented in [5]. The simedlgiropagation characteristics are determined
by the input parameters to the model and commuoitatink setup. The input parameters to the
channel model include operating frequency, systamdtvidth, antenna’s polarization and the
heights of transmitter and receiver, antennasti fggttern, electrical properties of scatterers, etc
The communication link setup includes the locatiohdgransmitter and receiver antennas with
respect to the scatterers and reflecting surfases as ceiling, side and opposite walls, etc. is th
physical model, each ray is determined by its patars defined by its delay, azimuth-co-
elevation angle of arrival, and azimuth-co-elevamgle of departure. The complex amplitude of
each ray is computed with electromagnetic formaiegifor free space loss and loss due to the
interaction with the scatterers in the environmeéiie interaction loss depends on the interaction,
wave-front and geometrical properties of impingiays and physical properties of reflecting
surfaces. Different coefficients can be used tawapthe interaction losses that depend on the
transmit waveform type: plane wave, cylindrical waw spherical wave. The most commonly
used reflection coefficient is the Fresnel planeeveeflection coefficient, which is valid for flat
surfaces and is function of the incidence angle eadtrical properties of the reflecting surface.
The RF propagation characteristics depend on hewrthlti-ray components interact with each
other based on their phases and amplitudes cotigalycor destructively to create different
fading profiles. The multi-domain RF characteristidlepend on the dispersion pattern in their
corresponding domain such as delay, direction angpler.

The received signal is obtained as a sum of majtisomponents as linear superpositiorNof
individual rays, and it can be represented as\iaio
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where¥ is the wave number expressedkazs =, 4 is the wavelength of operating frequenty,
denotes the Fresnel reflection coefficient for gith wave-interface intel’SECtiOIEtx{"F"anj,
Grx (@0 82) are the transmitter and receiver antenna gaipentively,V is the velocity (speed and

direction) of the mobile terminal, which is assunaadhe receiver in this notation, and defined by

V=wux+1y+12 and¥s stands fothearrival direction vector defined for rayas
Y. = coslg,)sin(f, ) £ + sinle, ) sin(8,) ¥ + cos(8,)7

where ¢+ and & are the horizontal and co-elevation arrival angiesay n (or LOS ray when
subscript idos) relative to thex-axis andzaxis, respectively, an® is the path length of ray,
dns denotes the distance traversed by the speculae Wwetween thep(- 1) andp-th boundary
intersections’: is the length of LOS path arsdis the specular reflection path length.

3. Reconfigurable Antenna (RA)

It can be used in a way to change radio channehcteistics in favor of enhancing performance
of wireless communications system. The RA, per rmbntan change its field pattern, pointing
direction, operating frequency and polarizatione Key part in gaining benefit from RA is based
on understanding the interplay between superpositcd complex signals of multipath
components of radio channel, three dimensional nmatepatterns, and velocity of mobile
terminal. This interplay would affect channel clweaistics in delay, direction and Doppler
domains, which will have impact on their correspogcorrelation parameters such as coherence
spectra (i.e., frequency correlation), spatial elation and coherence time, respectively. The RF
agility of RA can be used to change some of thémmmel correlation properties such as the
coherence time and power weighted multipath digpermetrics. In this work, reconfiguring
antenna pattern of a mobile device is simulatetkims of rotation angle of the antenna, which
changes antenna pattern for vertical polarizatiat ¢an be written as [6]

.. cosi(nd/2)
G, (8, @) =1.04(cosF cosgpsing — siné cosal a_oe
and its antenna gain pattern for horizontal poitn is
~ . . cne(fs{f?]z
G (8. 0) = 1.64 sin® g sin’a {1_—{:]:

where ¢ = sinfcosgsina + cos¢ cosa gnd the angle® is the rotation angle of the antenna

element fromz-axis in the verticalzxplane, ¢ is the azimuth angle relative teaxis, fis the
elevation angle relative to z-axis, the coefficiéri4 corresponds to the directivity of the half-
wavelength dipole antenna.

4. Amount of Fading

The selected measure of severity of fading inwosk is the amount of fading (AF), which can
be computed using the first and second central msr SNRs at diversity output. The AF is
defined in [7-9] as
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AF = rar '[I'.?t:}
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where® is the instantaneous fading amplitude of a comfaeing channelE !« andvar{e are

the statistical mean and variance, respectivelyqdantify the probability distribution of fading,

it is mentioned in [7,8] that for Nakagarifading distribution of®, the amount of fading (AF),
AF = 1/m_ \whose range is [0, 2]. Whe® = =, AF=0, which corresponds to the situation of

“no fading”. When™ = 1. the AF = 1, which corresponds to Rayleigh fadamyl wherim = 0.5.

AF = 2, which corresponds to the one-sided Gausdiafribution and the severest fading
assumed by the Nakagamifading channel. Hence, when AF<1, the fading sgvef the radio
channel is considered less than that of Rayleigincll and the otherwise AF>1. It is expected
that the communication system performance degm@udticreases with AF. It is worth to
mention that the fading parameter in line of sigldS) propagationK factor, of Rician fading
distribution is a function of the AF. The factor is defined as the ratio of power receivé v
LOS propagation to the power of hon-LOS paths. Téligtionship between AF ald parameter

is presented in [10] as follows

v1—AF

K e —
1—+1-AF
Different forms of this relationships are also givie [11-13]. So, the estimation of AF can be
used to indicat&k parameter of Rician fading channel as wellmaparameter of Nakagami
fading channel since AF=Y The AF formulation in [14] is presented in clogedn expression
for identically distributed spatially correlated kégamim fading fading channel at output of at
the output of a space—time block-coded multiplastamultiple-output (MIMO) diversity system.
A closed-form expression for high order amount ading for Nakgamim fading channel is
presented in [15], which was defined originally{16].

5. Numerical Results

The presented results are obtained for three diiterindoor environments, where the
IEEE802.11ac system may operate. These indoor amwients are 1) lecture hall with
dimensions, height (H) =4 m, width (W) = 8 m, lém@t) = 10 m, 2) corridor with dimensions: H
=4 m,W=2m, and L = 30,mand 3) banquet hall with dimensions: H=10m, W alsand L =

50. The simulations are set-up for a Wi-Fi antenna acpeint (AP) at different eights (¥4 H, %
H, % H, and H) and client station antenna heiglit Tsm. It is assumed that AP is the transmitter
and client station is the receiver. The receivereshis 3 km/hr, which is defined as the pedestrian
speed in 3GPP standard [17]. Number of source es@gr reflecting surface is set to 6 that
cause multiple reflection rays in addition to thelof sight component. Reflecting surfaces have
relative permittivity of 5 and conductivity of 0.0Zhe simulated temporal range is for one
second for every spatial location. The temporalgang rate is 26,000 samples/sec. In order to
investigate the effect of the environment on simf@ammunication link setups, the three indoor
environments have been tested for same route fh@matcess point. A route starting from a
horizontal distance of 2 m from AP till 9.5 m wipatial resolution of about 2.5 cm is used in the
study. It is assumed that transmitter antennariscedly polarized. Re-configurability of antenna
pattern is done via controlling rotation angle. 8hdifferent rotation angles have been selected to
generate three different antenna patterns foroalyi polarized antennas. Figure 1 shows the
three antenna patterns for vertical polarizatiatestor three antenna states correspond to three
rotation angles; 9 -15, and -58. Figure 2 shows samples of fading profile fbrdtation angle

in a lecture hall for four different heights of ase points. The severity of fading levels in fading
profiles are computed with AF. The AF values arevanon Figure 2 as follows: 1) for AP height
at ¥4 H, the AF = 0.34, 2) for AP height ¥2 H, AF 22 3) for AP height % H, the AF = 0.6, and

24



International Journal of Wireless & Mobile Networt8WMN) Vol. 6, No. 2, April 2014

4) for AP height H, the AF = 0.89. Hence, it candiserved that for this particular sample, the
fading profile of AP placed at ceiling has hightesting level and lowest fading level is observed
when the AP is placed at height half the ceilingght From this analysis, we see that we can
map fading profiles as shown in Figure 2 from tigegies presentation to indices that indicate the
fading severity levels. In order to get the feelofgAF numbers with severity of different fading
channel models, Figure 3 shows cumulative distidoutfunction (CDF) of envelopes of
Rayleigh, double Rayleigh and Rician fading chasin€he AF of Rayleigh fading is one while
that of the double Rayleigh fading channel is thRéeian fading channels for every k parameter,
it becomes Rayleigh as can be seen in Figure Xfer- 10 dB, while for AF decreases with
increasing of K factor.

In order to get statistically significant resultge need to compute the AF for large number of
positions within the indoor environment for diffateneights of AP and different rotation angles.
The AF values are presented in terms of CDF. Figushows CDF of AF for antenna rotation
angles in the three different indoor environmefiable | summarizes the 9@ercentile of CDF
curve for rotation angle of°0lt can be seen that the curve of least AF vatoesespond to AP of
height ¥2 H, % the ceiling height, for lecture hatid corridor environments but not for banquet
hall. The height of AP that correspond to lowest iAFbanquet hall is the ¥ H. However, the
difference in the 90% percentile values of ¥4 H &hdH for banquet hall might be considered
small. Very similar observed results can be seerclients’ antenna rotation angles at *&s
depicted on Figure 5 and presented in Table II. di@nt antenna’s rotation angle at °58he
lowest AF curve is observed to correspond to ARtitedon ceiling for lecture hall and corridor
indoor environments, while for banquet hall, itsifl the AP height of ¥ H has the lowest AF
curve. This clearly shown on Figure 6. Table llegents the 9Dpercentile of AF in the three
indoor environments for antenna’s rotation angle5&. Lecture hall and corridor shows quite
similar results of AF at this percentile and théueais close to that of Rayleigh fading channel.
The significant corresponding values are clearlgenoted for banquet hall for the three AP
antenna heights. It should be remembered thatuhe ©f lowest AF corresponds to channels
that have highest performance of wireless commtioitasystem. The other parameter that
describes the stationarity of the fading processescoherence time of the radio channel and how
it is related to AF since AF is computed for partér time interval of channel series. Coherence
time is a measure of similar behavior of radio cterover a particular period. We compute it
here from autocorrelation of time series of chaneelelopes at what time the normalized
autocorrelation coefficient starts to be below O/e extracted the coherence times for all
channel positions, where we already computed thevélbes. Then, we calculated the cross-
correlation level between the AF and coherence.tifable IV presents correlation levels for the
three indoor environments and the four AP anteraighlts for the case, when antenna’s rotation
angle is 0. It can be seen that the highest absolute caoelévels correspond to the case when
the AP antenna height is ¥ the ceiling height. Valeies indicate that the as the AF gets lower
the coherence time gets longer, which is expedter she low AF means the that radio channel
is less sever fading and stability condition is tvimakes the coherence time longer. The absolute
correlation values for banquet hall are largest A&t heights of ¥4 H and at ceiling. Their
correlation values are quite similar but the cus?f@F of AP height of ¥4 H is smallest. Table V
presents correlation levels between channel coberdime and AF for the three indoor
environments when client antenna’s rotation anglel$. It shows very similar results as in the
case of rotation angle of.OTable VI presents the corresponding correlatialues for rotation
angle of -58. The larges absolute correlation values is obsefge the case of AP antenna is
placed on ceiling of lecture hall and corridor. Wehfor banquet hall, the largest absolute
correlation value is for the case of AP antennglitas at %2 H.
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6. CONCLUSIONS

This work showed that impact of client antenna eafigurability in terms of its rotation angle
and impact of antenna height of AP on level of AFthiree different indoor environments of
different dispersion characteristics. The resuitaasthat for placing antenna of AP at height % of
the ceiling height in lecture hall and corridor deato least AF, which may lead to higher
performance of wireless communication system. Thisrue when rotation angle is close to
vertical polarization, i.e., 0and -15, but the effect of AP height on AF is quite smaten
rotation angle is -55 For banquet hall, the results show that plaéifgantenna height at ¥4 H
shows lowest ranges of AF at antenna’s rotatiodeangf G and -18 and when AP is on the
ceiling results in smallest values of AF for rabatiangle of -5%
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Table I. The 98 percentile of AF for antenna’s rotation angle &f 0
YaH Y% H YaH 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 1. The 98 percentile of AF for antenna’s rotation angle 18°
YaH % H YaH 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 I1l. The 98 percentile of AF for antenna’s rotation angle 58°
YaH ¥ H Y 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 coheggime

and AF for antenna’s rotation anglesf 0

YaH ¥%H Y 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 coherdinee and AF for antenna’s rotation angles of-15

YaH 1 H % H H
Lecture Hall -0.57 -0.61 -0.46 -0.42
Corridor -0.64 -0.78 -0.69 -0.70
Banguet Hall -0.61 -0.43 -0.51 -0.61

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

YaH 1 H %H H
Lecture Hall -0.48 -0.54 -0.60 -0.81
Corridor -0.40 -0.75 -0.46 -0.73
Banguet Hall -0.69 -0.65 -0.63 -0.20
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Figure 1. Antenna pattern for vertical polarizatairdifferent antenna’s rotation angles
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. Figure 2. Samples of fading profiles and corresiiog AF value

Figure 3. CDF of different common fading channeithwheir corresponding AF values.
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a. Lecture Hall

b. Corridor

Cc. Banquet Hall
Figure 4. Impact of antenna height of AP on AFree different indoor environment for Oo rotatiorgke of
antenna at mobile station
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a. Lecture Hall

b. Corridor

Cc. Banquet Hall
Figure 5. Impact of antenna height on AF in thrigient indoor emronment for-15° rotation angle o
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 thriéiedent indoor environment for -85otation angle of antenna at
mobile station.
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