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Abstract— This paper preseats study of path loss models of
fifih peneration (5G) wircless commmunication systems.
FPropagation parameters sach as path loss at reference distance
{PL{dy)), path loss exponent (PFLE) and standard dcviation of
the zero-mean Gaussian random both line-of-sight (LOS) and
non line-of-sight (NLOS) are compared at the freguencies of 28,
38 and 73 GHz. Omni directional propagation large-scale path
loss measured data from twe downtown Citics are wsed. This

paper also compares with semni deterministic models sach as WI
model and Xia model for present 4G network in order to
develop the semi deterministic model for 5G networks.
Keywonds— Empirical model, semi derterministic model, two
downtown cifies, Millimeter-Wave Ommni-directional Path Loss.

LINTRODUCTION

Mobile communication is moving to fifth generation (5G) at
millimeter wave (mmWave) frequencies in order to provide
muiti-Gigabit-persecond (Gbps) data rates 10 a mobile device
for video and the Intemet-of-Things (IoT). In order to instail
' communication staiion, the propagaiion path loss models are
one of important things. There are three types of the path loss
models namely, empirical model, semi-deterministic model
and deterministic model. The empirical models for 5G [1]{2]
are widely used since they need only frequency, PLE and
distance to compute the path loss for macro and micro cell
planning while the deterministic models need the details of
digitize map and material of buildings. Additionally they use
a lot of time for computing. Finally the semi-deterministic
models [3][4][SH6H7HR][9) are also widely used since they
are not only need the parameters of the empirical model but
also require some information about buildings such as
dimension and type of them together with wide and direction
of road. This model provides more accuracy path losses and
is used for planning and solving the commumnication system.
For semi-deterministic models. there are previous studies as
follows; Xia et al[3}{4] proposed path loss formulas for
micro-cells in low-rise and high-rise building environments.
Additionaily, COST 231 WI model [5}{6}[7] is also a popular
need environment data base details. In case of the Xia model
for non light of sight (NLOS). it requires a set of model
parameters such as distance from the last roof top to receiver,

average building height, and antenna heights as in our
research [3]{9]. while the WI model requires the road
parameters such as height of buildings, width of the roads,
building separation and road orientation with respect to the
&urﬁoﬂ.l‘hmdﬁum:ﬂam

deterministic model for 5G networks in the next step.

In this paper, we present path loss models in Section
2 Measurement and locations are presented in Section 3.The
results and analysis are presented in Section 4. Finally, the
conclusion is drawn in Section 5

Ii. PATH LOSS MODELS

A Empirical path loss model
This model does not utilize the parameter of specific area

except the frequency and distance.

PLyx(dB) = PL(dg) + 10mlogso (3) + %
m

Where n is the path loss exponent, that indicates the
attenuation rate at the distance (n =2 for free space),
PL(d,) is the path loss at a reference distance | m. and X, is
a zero mean random varable, that have Gaussian
distribution with standard deviation o. The PL(d,) is found
fromeg. (2)

PLgs(dB) = 32.44 + 20l0g;o(f) + 20l0g1e(d)  (2)
1t can find frequency f in unit of GHz and the distance d
in meters. This case is valid for the free space and far-field

region. If the ground reflection over an earth plain was
mcluded, the model becomes.

PLgx(dB) = PLes(dB) — 20logyq [2 Jsin () [ )



hy and hyp are the transmitter and receiver antenna

heights, respectively. f = Zn/1 and 1 is the wavelength.
This case is valid for large distances from the transmutter,

B. Semi-deterministic path loss model

There are two approach models which are used fora 2 D
map, are compared as follows:

- Xia model

five story building was applied to predict path loss because it
needed 2 D maps of buildings for calculation There are
three -

routes for prediction namely, staircase route, transverse route
and lateral route as shown in Figore 1. A transmitter (Tx )
was located on the street in the middie of a building block.
The original Xia path loss formulas for all non line of sight
cases were writien as,

PL (d)=[139.01 + 42.59 log fG}

~ [14.97 + 4.99 log fGlsgn(dh)log(1 +{4h))

+ [40.67 — 4. 57sgn(Ab)log(1+dh)jlog d

+  20log(ahm/18) + 10log20/ dkh )
(&)}

‘Where d is the mobile distance from transmitier (km). [0.05
<d <3}, fG is the frequency (GHz). [0.9 <fG <2], Ahis the
relative height of transmitter (o average building height (m).
[8 < 4k < 6], Ahm is the height of the last building relative
to the mobile (m), dh is the distance of mobile from the last
rooftop (m), hb is the transmitting antenna height from
ground level (m), hm is the mobile antenna height from
ground level (m) and A is the wavelength (m).

- WI model

and > Bhrhg, that only depends on d, hy and hyg, and
the attenuation which correspond to the free space.

WI model is written in case of non line of sight as
follows:

L(NLOS) = 32.4+20log(f)* 20log(d)+L(dfN)+L{muit)+3 (4)

Where
L(diffy=6.9+10log(w)+10log(f)+20log(dhm)+Lori (5)

When [ is frequency (MHz), d is distance (km.), W is width
of road (m.), hb is base stafion antenna height (m.), hm is
mobile height (1.8 m.) hroof is average height of roof top,
dhim is distance between hm and hroof

Lori=-10+0354 for 0 <4 <35
=25+0.075(¢-35) for35 < $<55
= 4011455 for 55 < & < 90

(6)

where ¢ is the angle between incidences coming from base

station and road

L(mult) -
U}

Where k0= 0, kd= 18-15(dhb/hroof), ka = 54-0.8 (dhb), and
kf = -4+0.7((£/925)-1] in case of sub-urban study.

kO+ka+kdlog(d)+kflog(f)-9log(W)

III. MEASUREMENT AND LOCATION

Manhatian campus at both 28 GHz and 73 GHz [1] [2.and
around the campus of The University of Texas at Austin
(UTA) at 38 GHz These messwements will be Omni
directional large-scale ine-of-sight (LOS) and non-line-of-
sight (NLOS) directional measuremenis

In the NYU, the building density is about 65%
while the building height is about 5-50 m. In the UTA, the
building density is about 55% while the bullding height is
about 5-30 m. The measurement procedure and description
of the equipment can be found for detaiis i [1].

The transmitting antenna hesghts of 28 GHz and 73
GHz are 7 and 17 m while the ransmitting antenna heights
of 38 GHz are 8, 2336 m. The receiving antenna heights of
28 GHz and 38GHz are 1.5 m while the recesving antenna
heights of 73 GHz are 20 and 406 m.

IV. RESULTS AND ANALYSIS

The empirical path loss model at frequencies of 28 GHz, 38
GHz and 73 GHz are respectively as followmg.

A. Empirical LOS
Pl2s ga:(dB) = 613 + 21logie(d)  (8)






