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Abstract— This paper presents a semi deterministic path loss
model at frequency of 28 GHz for fifth generation (5G). We
modified Xia model which was used for frequency of 0.9 GHz
to 2.0 GHz with a correction factor in order to use for higher
frequency. Two important parameters, average building height
and distance of mobile from last roof top were considered while
measured data in the dense urban environment around New
York University's (NYU) Manhattan campus were used for
modeling and verification. Comparisons between the modified
and conventional models provide all NLOS propagation
including transverse, lateral, and staircase.

Keywords— Extended Xia model, semi deterministic model,
Millimeter-Wave Omni-directional Path Loss.

LLINTRODUCTION

Fifth generation (5G) mobile communication is developed to
in order to provide high speed data rates to a mobile device.
In order to install communication station, the propagation
path loss models are one of important things for the best
coverage areas. The semi-deterministic models in [1]-[5] are
also widely used. They 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
communication system. For semi-deterministic models, Xia
et al [3] proposed path loss formulas for micro-cells in low-
rise and high-rise building environments. In case of non light
of sight (NLOS), it requires a set of model parameters such as
average building height and distance from mobile to last roof
top and antenna heights as in our research [8],[9]. However
The semi deterministic models such as Xia model or WI
model are used for frequencies of 4G network. Therefore this
paper presents an extended version of Xia model in order to
develop the semi deterministic model for 5G networks at a
frequency of 28 GHz.
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II. DETERMINISTIC XTA MODELS

The original Xia model for low-rise environments with one
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 Figure 1. A transmitter
(Tx ) was located on the street in the middle of a building
block. The original Xia path loss formulas for all non line of
sight cases were written as,

PL (d) =[139.01 + 42.59 log 1]

—[14.97 + 4.99 log fG]sgn(4h)log(1+|4hl)
+ [40.67 — 4.57sgn(Ah)log(1+|4A])]log d
+ 20log(4hm/7.8) + 10log(20/ dh ) (1)
Where d is the mobile distance from transmitter (km). [0.05
<d < 3), fo is the frequency (GHz). [0.9 < f; < 2], Ah is the
relative height of transmitter to average building height (m).
[-8 < 4h < 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).

Transverse route:

PL (d)=[139.01 + 42.59 log f;]
—[14.97 + 4.99 log fG]sgn(4h)log(1+|4h|)

+[40.67 — 4.57sgn(Ah)log(1+|4h)]log d 2)
Staircase route:

PL (d)=[137.61 +35.16 log f5]

— [12.48 + 4.16 log fG]sgn(dh)log(1+/4h])

+[39.46 — 4.13sgn(Ah)log(1+|4h|)]log d (3)
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Fig. 1 Geometry of Xia model
Lateral route:

PL (dy=[127.39 + 31.63 log f)
—[13.05 +4.35 log fG]sgn(dh)log(1+4h})
+[29.18 — 6.70sgn(Ah)log(1+|4h)]log d (4)

11I. MEASUREMENT AND LOCATION
This paper used measured data in the dense urban
environment around New York University's (NYU)
Manhattan campus at both 28 GHz  [6],[7]. These
measurements will be Omni directional large-scale line-of-
sight (LOS) and non-line-of-sight (NLOS) directional
measurements. The NYU, the building density is about 65%
while the building height is about 5-50 m. The measurement
procedure and description of the equipment can be found for
details in [1]. The transmitting antenna heights are 7 and 17
m. The receiving antenna height is 1.5 m.

In this paper, the important parameters for deterministic
model such as propagation routes, average building height
and distance from last roof top are used. These parameters
are obtained from local surveying in the city. All
measurement data are shown in the appendix.

IV. RESULTS AND ANALYSIS

The extended Xia model at frequency of 28 GHz is as
following.

All NLOS:

PL (d) = [69.26 + 42.59 log [5)

— [14.97 + 4.99 log fGlsgn(4h)log(1+|4h])

+ [40.67 — 4.57sgn(Ah)log(1+|4A|))log d
+20log(4hm/7.8) + 10log(20/ dh ) (9)
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Fig. 2 Conventional Xia path loss model in dBm
Transverse route:

PL (d) = [84.66 + 42.59 log f5]
—[14.97 +4.99 log fG]sgn(dh)log(1+|4h])

+[40.67 — 4.57sgn(Ah)log(1+|4h|)]log d (10)
Staircase route:

PL (d)=[77.5]1 +35.16 log f5]

—[12.48 + 4.16 log fG]sgn(4h)log(1+|4h|)

+[39.46 — 4.13sgn(Ah)log(1+|4A)]log d (11)
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(b) Separated routes
Fig. 3 Extended Xia path loss model in dBm

Lateral route:

PL (d) =[70.89+ 31.63 log f5]

—[13.05 +4.35 log fG]sgn(dh)log(1+|4h])
+[29.18 — 6.70sgn(Ah)log(1+|4k|)]log d (12)
Figure 2 and 3 show comparison between measurement and
prediction of the conventional and extended models
respectively. The separated routes provide an accuracy
comparing with the all NLOS as shown Fig. 3 a) and b).
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Note that the model is only used for a frequency of 28 GHz
however the other frequencies need new adjustment of the
arbitrary constants.

V. CONCLUSION

We present the extended Xia path loss models in case of
line-of-sight (NLOS) at a frequency of 28 GHz. We used
measured data in the dense urban environment around New
York University's (NYU) Manhattan campus for fitting. The
parameters for semi deterministic model such as propagation
routes, average building height and distance from last roof
top are obtained from local surveying. The results shown
that the NLOS of Xia semi deterministic models provide an
accuracy especially in case of separated routes comparing
with the all NLOS case.
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APPENDIX : DATA FOR MODELING

TX RX Env T-R(m) PL(dB) Path type Environment | oy .00 building height(m) | Distance of mobile from
category Tx=Tm the last rooftop (m)
COLI I L 31 923 LOS AIR 0 0
COLI 2 N 61 1238 TRANSVERSE BUILDING 46.83 46.91
COL! 3 E 102 -
COL1 4 N 118 1364 TRANSVERSE BUILDING ? 46.83 48.80
COL N 1t Fiah EATERAL BUIHLIDING K7.AG 10682
COLI1 13 N 133 1329 TRANSVERSE BUILDING 46.83 86.04
coLl1 14 N 165 137 TRANSVERSE BUILDING 41,04 41.15
COLIL 17 N 82 148.) TRANSVERSE BUILDING 56.83 57.69
CcoL2 1 L 53" 0 LOS AIR 0 0
COL2 2 N 73 121.4 TRANSVERSE BUILDING 46.83 46.91
COL2 3 N 142 119 LOS AlIR 0 0
COL2 4 N 155 1414 TRANSVERSE BUILDING 46.83 48.80 e
COL2 13 N 141 1248 TRANSVERSE BUILDING : 46,83 $6.04
COL2 14 N 171 144.5 TRANSVERSE BUILDING 41.04 41.15
COL2 17 N 112 142.2 TRANSVERSE BUILDING 56.83 57.69
KAU 4 N 186 149.2 TRANSVERSE BUILDING 4595 9212
KAU 10 N 77 124.2 TRANSVERSE BUILDING 48.75 48.90
KAU 1l L 54 0 LOS AIR 0 0
KAU 12 N 120 140 TRANSVERSE BUILDING 39.06 40.95
KAU 13 N 112 =
KAU 14 N 82 127 TRANSVERSE BUILDING 46.83 65.13
KALU 16 N 96 140 TRANSVERSE BUILDING 46.83 ol 15 40
KA 182 N 3 3 EATERAL BUILDING 36,52 83.19
KAU 21 N ii9 118 TRANSVERSE BUILDING 36.52 48.440
KAU 30 L 53 94.6 LOS AlIR 0 0
KAU 31 L 33 88.4 LOS AIR 0 0
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