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1 Introduction

In RAN#81, a new RAN1-led SI on Channel modeling for Indoor Industrial scenarios [1] was approved.

The study item aims to develop a channel model to support studies on URLLC/IIOT enhancements for industrial scenarios and use cases. In order to achieve this, the study item should fulfil the following objectives:

· Determine a suitable description of the scenario and frequency bands up to 100GHz that should be supported. 

· The LS from 5G-ACIA in RP-181521 may be used as one of the references to start the discussion.

· Review existing literature and new propagation measurements in industrial environments

· Assess key differences compared to existing channel models such as the model in TR 38.901

· Define a new industrial propagation scenario and determine propagation parameters and, if required, new model components. Use 38.901 as the starting point.

· Priority should be given to channel modeling for frequency ranges below 52.6GHz, which can be captured in the TR upon completion of the corresponding model.
In recent RAN1 email discussions, the following proposal gains the consensus:

Proposal 1: Path loss, shadow fading, and LOS/NLOS modelling

Option 1: LOS state is stochastically determined using a LOS probability function dependent on distance, [tx and rx height, clutter height, clutter density, subarea, time, …]. 

· Separate path loss and shadow fading models are used for LOS and NLOS

· The correlation of LOS probability for different links TBD

· Spatial consistent transitions between LOS and NLOS states to be further studied

This document addresses the path loss model in LOS and NLOS states.

2 Simulation
An indoor industrial scenario is depicted in [5] with its internal layout shown in Figure 2.1 and Table 2-1.
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Figure 2.1 Industrial IOT scenario with multi-functionality sub-areas

Table 2-1 Configuration for IIOT channel model simulation

	Position of Base stations
	Base stations with height selected from {2m, 10m, 15m and 22m} are located in 5 different XY positions:

BS2_1:[45 20 2]; BS2_2:[45 60 2]; BS2_3: [90 40 2]; BS2_4:[135 20 2]; BS2_5: [135 60 2]

BS10_1:[45 20 10]; BS10_2:[45 60 10]; BS10_3: [90 40 10]; BS10_4:[135 20 10]; BS10_5: [135 60 10]

BS15_1:[45 20 15]; BS15_2:[45 60 15]; BS15_3: [90 40 15]; BS15_4:[135 20 15]; BS15_5: [135 60 15]

BS22_1:[45 20 22]; BS22_2:[45 60 22]; BS22_3: [90 40 22]; BS22_4:[135 20 22]; BS22_5: [135 60 22]

* Refer to Figure 3.2 for the locations of gNB in XOY plane, where AntN refer to BSh_N for h={2,10,15,22}m and N={1,2,3,4,5}, respectively.

	Position of UE’s
	1600 UEs are uniformly distributed with UE height =1.5m.

	Carrier Frequency
	2.3GHz; 4.9GHz; 28GHz; 52.6GHz; 72GHz; 100GHz


Based on the discussion in [8], this document addresses the IIOT indoor sub-scenarios differentiated by clutter density and BS height:

· IIOT-A: BS height is above the clutter height (BS Height: 10m,15m,22m)

· IIOT-A-L Low clutter density(Area4)

· IIOT-A-H High clutter density(Area1)

· IIOT-A-M Medium clutter density(Area2,Aea3)

· IIOT-B BS height is below the clutter height (clutter embedded, BS Height: 2m)

· IIOT-B-L Low clutter density (Area4)

· IIOT-B-H High clutter density(Area1)

· IIOT-B-M Medium clutter density(Area2,Aea3)

The layouts of Area1~Area4 can be found in [9].

The simulation is based on ray tracing with three-order reflections and single-order diffraction. 

The power threshold for NLOS ray detection is 30dB in the simulation, i.e., only those rays with power larger than (Pmax – 30dB) are counted in calculating the sum power of NLOS rays.

2.1 Pathloss in LOS state

The following path loss model is utilized in LOS state to fit the simulation data for different BS heights and frequencies:
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Where 

· 
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 is the 3-dimensional distance in meter between transmitter and receiver.
· 
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 is the carrier frequency in GHz.
· 
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 is the path loss coefficient in LOS state.
· The constants 32.44 and 20 come from free space loss model, the Frris equation.

IIOT-A: BS height is above the clutter height
The fitting results for path loss in LOS state in sub-scenarios IIOT-A-x (x={L,M,H}) are shown in the Figure A7 and Table 2-2, where simulation data are collected from 5 base stations with the same height and the same frequency. 

Table 2-2 Fitting Results for BS=10m, 15m and 22m in LOS state

	
	KLOS

	Freq (GHz)
	2.3
	4.9
	28
	52.6
	72
	100
	Mean

	BS H =10m
	17.87
	18.19
	18.68
	18.81
	19.20
	19.23
	18.66

	BS H =15m
	17.87
	18.27
	18.86
	18.99
	19.28
	19.28
	18.76

	BS H=22m
	18.06
	18.42
	18.93
	19.04
	19.29
	19.30
	18.84

	Mean
	17.93
	18.29
	18.82


	18.95
	19.26
	19.27
	18.75
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	Freq (GHz)
	2.3
	4.9
	28
	52.6
	72
	100
	Mean

	BS H =10m
	3.19
	2.88
	2.23
	2.02
	1.24
	1.21
	2.13

	BS H =15m
	2.59
	2.33
	1.76
	1.59
	1.18
	1.16
	1.77

	BS H=22m
	2.58
	2.38
	1.90
	1.75
	1.35
	1.33
	1.88

	Mean
	2.79
	2.53
	1.96
	1.79
	1.26
	1.23
	1.93


IIOT-B: BS height is below the clutter height
The fitting results for path loss in LOS state in sub-scenarios IIOT-B-x (x={L,M,H}) are shown in the Figure A8 and Table 2-3, where simulation data are collected from 5 base stations with the same height and the same frequency. 

Table 2-3 Fitting Results for BS=2m in LOS state

	
	KLOS

	Freq (GHz)
	2.3
	4.9
	28
	52.6
	72
	100
	Mean

	BS H =2m
	18.31
	18.33
	18.36
	18.37
	18.37
	18.38
	18.35
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	Freq (GHz)
	2.3
	4.9
	28
	52.6
	72
	100
	Mean

	BS H =2m
	2.34
	2.39
	2.37
	2.36
	2.36
	2.35
	2.36


The LOS state pathloss model based on above data analysis is summarized in section 2.3. 

2.2 Pathloss in NLOS state

The following closed in reference path loss model is utilized in NLOS state for fitting the simulation data under different BS heights and frequencies:
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Where 

· 
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 is the 3-dimensional distance in meter between transmitter and receiver.
· 
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 is the carrier frequency in GHz.
· 
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 is the path loss coefficient in NLOS state. The linear polynomial function is used to fit KNLOS with respect to frequency in different BS height:
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Where
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 is the carrier frequency in GHz, and {p1,p2} are coefficients of the fitting function.

The fitting results for path loss in NLOS state are differentiated according to sub scenario type.

IIOT-A-L (BS above clutter, Low clutter density)
As shown in Table 2-4 and Figure A1, simulation data are collected from 5 base stations with the same height and the same frequency. 
Table 2-4 

Fitting Results for BS=10m, 15m and 22m in NLOS state in Low clutter density (Area4)

	
	KNLOS

	Freq (GHz)
	2.3
	4.9
	28
	52.6
	72
	100
	Mean

	BS H =10m
	23.14
	23.77
	24.98
	25.34
	26.2
	26.26
	24.95 

	BS H =15m
	18.97
	19.74
	21.32
	21.79
	23.7
	23.71
	21.54 

	BS H=22m
	19.31
	20.09
	21.65
	22.1
	24.09
	24.09
	21.89 

	Mean
	20.47 
	21.20 
	22.65 
	23.08 
	24.66 
	24.69 
	22.79 
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	Freq (GHz)
	2.3
	4.9
	28
	52.6
	72
	100
	Mean

	BS H =10m
	11.44
	11.67
	12.02
	12.17
	11.44
	11.66
	11.73 

	BS H =15m
	6.25
	6.46
	6.6
	6.6
	6.4
	6.41
	6.45 

	BS H=22m
	5.88
	6.24
	6.75
	6.83
	6.75
	6.75
	6.53 

	Mean
	7.86 
	8.12 
	8.46 
	8.53 
	8.20 
	8.27 
	8.24 
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Figure 2.2 Fitting results of KNLOS with respect to frequency and BS height 

Table 2-5 Fitting Results for coefficients in formulation of KNLOS
	BS height
	p1
	p2

	10m
	0.097
	20.71

	15m
	0.095
	20.99

	22m
	0.10
	24.259


IIOT-A-H (BS above clutter, High clutter density)
As shown in Table 2-6 and Figure A2, simulation data are collected from 5 base stations with the same height and the same frequency. 
Table 2-6 

Fitting Results for BS=10m, 15m and 22m in NLOS state in High clutter density (Area1)

	
	KNLOS

	Freq (GHz)
	2.3
	4.9
	28
	52.6
	72
	100
	Mean

	BS H =10m
	20.42
	21.47
	23.81
	24.59
	29.48
	29.58
	24.89

	BS H =15m
	20.52
	21.72
	24.23
	25.01
	29.57
	29.66
	25.12

	BS H=22m
	23.96
	25.1
	27.45
	28.18
	33.37
	33.47
	28.59

	Mean
	21.63
	22.76
	25.16
	25.93
	30.81
	30.90
	26.20
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	Freq (GHz)
	2.3
	4.9
	28
	52.6
	72
	100
	Mean

	BS H =10m
	15.86
	16.12
	16.83
	17.16
	20.2
	20.48
	17.78

	BS H =15m
	8.09
	8.63
	9.83
	10.28
	17.7
	17.93
	12.08

	BS H=22m
	8.28
	8.62
	9.71
	10.25
	21.47
	21.62
	13.33

	Mean
	10.74
	11.12
	12.12
	12.56
	19.79
	20.01
	14.39
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Figure 2.3 Fitting results of KNLOS with respect to frequency and BS height 

Table 2-7 Fitting Results for coefficients in formulation of KNLOS
	BS height
	p1
	p2

	10m
	0.031
	23.61

	15m
	0.049
	19.43

	22m
	0.049
	19.77


IIOT-A-M (BS above clutter, Medium clutter density)
As shown in Table 2-8 and Figure A3, simulation data are collected from 5 base stations with the same height and the same frequency. 
Table 2-8 

Fitting Results for BS=10m, 15m and 22m in NLOS state in Medium clutter density (Area2)

	
	KNLOS

	Freq (GHz)
	2.3
	4.9
	28
	52.6
	72
	100
	Mean

	BS H =10m
	19.88
	20.73
	25.74
	23.17
	25.74
	25.84
	23.52

	BS H =15m
	19.46
	20.32
	22.36
	22.55
	24.32
	24.39
	22.23

	BS H=22m
	20.17
	20.97
	22.54
	22.99
	24.52
	24.57
	22.63

	Mean
	19.84
	20.67
	23.55
	22.90
	24.86
	24.93
	22.79
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	Freq (GHz)
	2.3
	4.9
	28
	52.6
	72
	100
	Mean

	BS H =10m
	11.06
	11.24
	11.65
	11.86
	12.43
	12.62
	11.81

	BS H =15m
	6.29
	6.66
	7.47
	7.77
	10.4
	10.54
	8.19

	BS H=22m
	6.12
	6.42
	7.08
	7.31
	8.46
	8.53
	7.32

	Mean
	7.82
	8.11
	8.73
	8.98
	10.43
	10.56
	9.11


Table 2-9

 Fitting Results for BS=10m, 15m and 22m in NLOS state in Medium clutter density (Area3)

	
	KNLOS

	Freq (GHz)
	2.3
	4.9
	28
	52.6
	72
	100
	Mean

	BS H =10m
	24.52
	25.46
	26.76
	27.17
	28.99
	29.06
	26.99

	BS H =15m
	22.39
	23.3
	25.03
	25.51
	28.17
	28.23
	25.44

	BS H=22m
	22.39
	22.38
	25.02
	25.37
	26.43
	26.46
	24.68

	Mean
	23.10
	23.71
	25.60
	26.02
	27.86
	27.92
	25.70

	
	
[image: image19.wmf]SF

s



	Freq (GHz)
	2.3
	4.9
	28
	52.6
	72
	100
	Mean

	BS H =10m
	13.32
	13.54
	11.27
	10.73
	10.98
	11.23
	11.85

	BS H =15m
	6.94
	7.27
	7.81
	8
	12.03
	12.29
	9.06

	BS H=22m
	7.14
	7.1
	7.31
	7.49
	10.62
	10.77
	8.41

	Mean
	9.13
	9.30
	8.80
	8.74
	11.21
	11.43
	9.77


Table 2-10

Fitting Results for BS=10m, 15m and 22m in NLOS state in Medium clutter density (Average of Area2 and Area3)

	
	KNLOS

	Freq (GHz)
	2.3
	4.9
	28
	52.6
	72
	100
	Mean

	BS H =10m
	22.2
	23.095
	26.25
	25.17
	27.365
	27.45
	25.26

	BS H =15m
	20.925
	21.81
	23.695
	24.03
	26.245
	26.31
	23.84

	BS H=22m
	21.28
	21.675
	23.78
	24.18
	25.475
	25.515
	23.65

	Mean
	21.47
	22.19
	24.58
	24.46
	26.36
	26.43
	24.25
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	Freq (GHz)
	2.3
	4.9
	28
	52.6
	72
	100
	Mean

	BS H =10m
	12.19
	12.39
	11.46
	11.295
	11.705
	11.925
	11.83

	BS H =15m
	6.615
	6.965
	7.64
	7.885
	11.215
	11.415
	8.62

	BS H=22m
	6.63
	6.76
	7.195
	7.4
	9.54
	9.65
	7.86

	Mean
	8.48
	8.71
	8.77
	8.86
	10.82
	11.00
	9.44
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Figure 2.4 Fitting results of KNLOS with respect to frequency and BS height 

Table 2-11 Fitting Results for coefficients in formulation of KNLOS
	BS height
	p1
	p2

	10m
	0.052
	23.08

	15m
	0.055
	21.47

	22m
	0.044
	21.72


IIOT-B-L (BS embedded in clutter, Low clutter density)
As shown in Table 2-12and Figure A4, simulation data are collected from 5 base stations with the same height and the same frequency. 
Table 2-12 Fitting Results for BS=2m in NLOS state in High clutter density (Area4)

	
	KNLOS

	Freq (GHz)
	2.3
	4.9
	28
	52.6
	72
	100
	Mean

	BS H =2m
	26.4
	26.85
	27.73
	27.99
	28.05
	28.15
	27.53
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	Freq (GHz)
	2.3
	4.9
	28
	52.6
	72
	100
	Mean

	BS H =2m
	13.01
	13.53
	14.86
	15.4
	15.44
	15.62
	14.63
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Figure 2.5 Fitting results of KNLOS with respect to frequency and BS height 

Table 2-13 Fitting Results for coefficients in formulation of KNLOS
	BS height
	p1
	p2

	2m
	0.016
	26.82


IIOT-B-H (BS embedded in clutter, High clutter density)
As shown in Table 2-14 and Figure A5, simulation data are collected from 5 base stations with the same height and the same frequency. 
Table 2-14 Fitting Results for BS=2m in NLOS state in High clutter density (Area1)
	
	KNLOS

	Freq (GHz)
	2.3
	4.9
	28
	52.6
	72
	100
	Mean

	BS H =2m
	27.51
	27.82
	28.43
	28.4
	28.47
	28.35
	28.17
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	Freq (GHz)
	2.3
	4.9
	28
	52.6
	72
	100
	Mean

	BS H =2m
	19.66
	19.86
	20.74
	20.54
	20.59
	20.16
	20.26
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Figure 2.6 Fitting results of KNLOS with respect to frequency and BS height 

Table 2-15 Fitting Results for coefficients in formulation of KNLOS
	BS height
	p1
	p2

	2m
	0.0077
	27.84


IIOT-B-M (BS embedded in clutter, Medium clutter density)
As shown in Table 2-16 and Figure A6, simulation data are collected from 5 base stations with the same height and the same frequency. 
Table 2-16 Fitting Results for BS=2m in NLOS state in Medium clutter density (Area2)
	
	KNLOS

	Freq (GHz)
	2.3
	4.9
	28
	52.6
	72
	100
	Mean

	BS H =2m
	28.06
	28.59
	29.51
	29.81
	29.91
	30.01
	29.32
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	Freq (GHz)
	2.3
	4.9
	28
	52.6
	72
	100
	Mean

	BS H =2m
	14.76
	15
	15.43
	15.86
	15.88
	15.92
	15.48


Table 2-17 Fitting Results for BS=2m in NLOS state in Medium clutter density (Area3)

	
	KNLOS

	Freq (GHz)
	2.3
	4.9
	28
	52.6
	72
	100
	Mean

	BS H =2m
	29.83
	30.03
	30.27
	30.52
	30.58
	30.6
	30.31
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	Freq (GHz)
	2.3
	4.9
	28
	52.6
	72
	100
	Mean

	BS H =2m
	17.9
	16.95
	15.48
	15.96
	16.03
	15.92
	16.37


Table 2-18 Fitting Results for BS=2m in NLOS state in Medium clutter density (average of Area2 and Area3)

	
	KNLOS

	Freq (GHz)
	2.3
	4.9
	28
	52.6
	72
	100
	Mean

	BS H =2m
	28.945
	29.31
	29.89
	30.165
	30.25
	30.31
	29.81
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	Freq (GHz)
	2.3
	4.9
	28
	52.6
	72
	100
	Mean

	BS H =2m
	16.33
	15.975
	15.455
	15.91
	15.955
	15.92
	15.92
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Figure 2.7 Fitting results of KNLOS with respect to frequency and BS height 

Table 2-19 Fitting Results for coefficients in formulation of KNLOS
	BS height
	p1
	p2

	2m
	0.013
	29.25


2.3 Summary

LOS state

The PLEs and shadow fading are averaged in all IIOT sub scenarios as follows:

	Table 2-20 Fitting Results for all sub scenarios in LOS state

　
	IIOT-A-x
	IIOT-B-x
	Mean

	KLOS
	18.75
	18.35
	18.55

	Shadow fading
	1.93
	2.36
	2.15


Observation 1: Path loss Model in LOS state in all IIOT sub-scenarios is similar to free space loss with KLOS=18.55 and SF=2.15 dB. 
NLOS state

Table 2-21 Fitting Results for IIOT-A-x and IIOT-B-x sub scenarios in NLOS state
	Sub Sce
	BS Height
	10m
	15m
	22m
	Sub Sce
	BS Height
	2m

	
	　
	KNLOS
	Sigma
	KNLOS
	Sigma
	KNLOS
	Sigma
	
	　
	KNLOS
	Sigma

	IIOT-A-L
	2.3GHz
	23.14 
	11.44 
	18.97 
	6.25 
	19.31 
	5.88 
	IIOT-B-L
	2.3GHz
	26.4
	13.01

	
	4.9GHz
	23.77 
	11.67 
	19.74 
	6.46 
	20.09 
	6.24 
	
	4.9GHz
	26.85
	13.53

	
	28GHz
	24.98 
	12.02 
	21.32 
	6.60 
	21.65 
	6.75 
	
	28GHz
	27.73
	14.86

	
	52.6GHz
	25.34 
	12.17 
	21.79 
	6.60 
	22.10 
	6.83 
	
	52.6GHz
	27.99
	15.4

	
	72GHz
	26.20 
	11.44 
	23.70 
	6.40 
	24.09 
	6.75 
	
	72GHz
	28.05
	15.44

	
	100GHz
	26.26 
	11.66 
	23.71 
	6.41 
	24.09 
	6.75 
	
	100GHz
	28.15
	15.62

	IIOT-A-H
	2.3GHz
	20.42 
	15.86 
	20.52 
	15.86 
	23.96 
	8.28 
	IIOT-B-H
	2.3GHz
	27.51
	19.66

	
	4.9GHz
	21.47 
	16.12 
	21.72 
	16.12 
	25.10 
	8.62 
	
	4.9GHz
	27.82
	19.86

	
	28GHz
	23.81 
	16.83 
	24.23 
	16.83 
	27.45 
	9.71 
	
	28GHz
	28.43
	20.74

	
	52.6GHz
	24.59 
	17.16 
	25.01 
	17.16 
	28.18 
	10.25 
	
	52.6GHz
	28.44
	20.54

	
	72GHz
	29.48 
	20.20 
	29.57 
	20.20 
	33.37 
	21.47 
	
	72GHz
	28.47
	20.59

	
	100GHz
	29.58 
	20.48 
	29.66 
	20.48 
	33.47 
	21.62 
	
	100GHz
	28.35
	20.16

	IIOT-A-M
	2.3GHz
	22.20 
	12.19 
	20.93 
	6.62 
	21.28 
	6.63 
	IIOT-B-M
	2.3GHz
	28.945
	16.33

	
	4.9GHz
	23.10 
	12.39 
	21.81 
	6.97 
	21.68 
	6.76 
	
	4.9GHz
	29.31
	15.975

	
	28GHz
	26.25 
	11.46 
	23.70 
	7.64 
	23.78 
	7.20 
	
	28GHz
	29.89
	15.455

	
	52.6GHz
	25.17 
	11.30 
	24.03 
	7.89 
	24.18 
	7.40 
	
	52.6GHz
	30.165
	15.91

	
	72GHz
	27.37 
	11.71 
	26.25 
	11.22 
	25.48 
	9.54 
	
	72GHz
	30.245
	15.955

	
	100GHz
	27.45 
	11.93 
	26.31 
	11.42 
	25.52 
	9.65 
	
	100GHz
	30.305
	15.92


Table 2-22 Fitting Results for KNLOS and average SF in IIOT-A-x and IIOT-B-x sub scenarios in NLOS state
	Sub Sce
	10m
	15m
	22m
	Sub Sce
	2m

	
	KNLOS = p1*fc + p2
	SF
	KNLOS = p1*fc + p2
	SF
	KNLOS = p1*fc + p2
	SF
	
	KNLOS = p1*fc + p2
	SF

	
	p1
	p1
	
	p1
	p1
	
	p1
	p1
	
	
	KNLOS
	　
	

	IIOT-A-L
	0.097
	20.71
	11.73
	0.095
	20.99
	6.45
	0.1
	24.259
	6.53
	IIOT-B-L
	0.016
	26.82
	13.01

	IIOT-A-H
	0.031
	23.61
	17.78
	0.049
	19.43
	12.08
	0.049
	19.77
	13.33
	IIOT-B-H
	0.0077
	27.84
	20.26

	IIOT-A-M
	0.052
	23.08
	11.83
	0.055
	21.47
	8.62
	0.044
	21.72
	7.86
	IIOT-B-M
	0.013
	29.25
	15.92


Observation 2: Closed-in reference model can be used in NLOS state, where KNLOS is dependent on frequency, BS height and clutter density.
Proposal 1: Closed-in reference model is used in NLOS state in IIOT scenario.

Proposal 2: Linear interpolation can be utilized to model frequency-dependency of KNLOS. 
3 Path loss model

LOS state

The path loss model in LOS state:
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Where 
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The path loss model in NLOS state:
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Where 
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, where p1 and p2 is related to sub scenario type as shown in Table 2-22 and fc is the carrier frequency in GHz.

Log normal shadow fading is related to sub scenario type as shown in Table 2-22.
4 Conclusion

This contribution concludes with the following observations and proposal:

Observation 1: Path loss Model in LOS state in all IIOT sub-scenarios is similar to free space loss with KLOS=18.55 and SF=2.15 dB. 
Observation 2: Closed-in reference model can be used in NLOS state, where KNLOS is dependent on frequency, BS height and clutter density.
Proposal 1: Closed-in reference model is used in NLOS state in IIOT scenario.

Proposal 2: Linear interpolation can be utilized to model frequency-dependency of KNLOS. 
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Appendix1 IIOT-A-L–NLOS (Area4)
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Figure A1(a) Path loss in BS height = 10m
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Figure A1 (b) Path loss in BS height = 15m
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Figure A1 (c) Path loss in BS height = 22m

Appendix2 IIOT-A-H–NLOS(Area1)
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Figure A2(a) Path loss in BS height = 10m
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Figure A2 (b) Path loss in BS height = 15m
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Figure A2 (c) Path loss in BS height = 22m

Appendix3 IIOT-A-M–NLOS(Area2,Area3)
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Figure A3.1(a) Path loss in BS height = 10m (Area2)
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Figure A3.1 (b) Path loss in BS height = 15m (Area2)
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Figure A3.1 (c) Path loss in BS height = 22m(Area2)
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Figure A3.1(d) Path loss in BS height = 10m (Area3)
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Figure A3.1 (e) Path loss in BS height = 15m (Area3)
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Figure A3.1 (f) Path loss in BS height = 22m(Area3)

Appendix4 IIOT-B-L–NLOS(Area4)

[image: image51.png]2.36Hz, Ky g = 26.4047, 5F, =13.009908 A{=496Hz, Ky o = 26.8484, SF =13527608 A{=280Hz, Ky o = 277345, Sy =14.9597d8

2m 2m - 2m 5
+  Sample Data $ + SampleData| ¥ M S:rvs\e Data R
@ 150 Fitted & & 150 Fitted R & 150 el
& 1 & 1
50 50
3 1’ 10’ 10 10 1’ 10’ 10
distance3D(m) distance3D(m)
15396908 AL =T26Hz, Ky (g = 28.0801, SF, oo=15.439108 A4 =1006H2, Ky o = 28152, SF,y og=15.617608
2m - 2m 2m
180 T GampleDaa] & 180 C Semplebata) L 180t [+ Sample Data e
. ite L .
& 180 Fitted . & 160 = 180 Fitted R
5 0 o FRL
& & &
10 10 10
C C C
1’ 10’ 10 10 1’ 10’ 10 10 1’ 10’ 10 10
distance3D(m) distance3D(m) distance3D(m)



Figure A4 Path loss in BS height = 2m

Appendix5 IIOT-B-H-NLOS(Area1)
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Figure A5 Path loss in BS height = 2m

Appendix6 IIOT-B-M-NLOS(Area2,Area3)

[image: image53.png]Pathloss(dB)

36Hz, Ky o

8.0562, SFyy og=14.762808

os 96Hz, Ky o5 =15.0001d8 5.427948
2m . 200 = 200
R - .o
+ SampleData|, y -+ + SampleData| . 1 * ¢+ SampleData| T, ¢
150 Fitted o Fitted ey Fitted A
R @ 150 @ 150 .
100 Vet 2 H
bt & 1m0 & 1m0
50 .
0 50 50
1’ 10’ 10 10 1’ 10’ 10 10 1’ 10’ 10 10
distance3D(m) distance3D(m) distance3D(m)
266Hz, Ky o5 = 29,8146, SFy og=15.061908 26Hz, Ky g = 29.9126, SF,y og=15.0831d8 0GHz, Ky o5 = 30017, SF,y oo=15.918808
2m S 200 — 200 -
+ Sample Data o T SamplData] et T A
Fitted Fitted e 2 Fitted o
150 @ 150 o @ 150
H 3 H
100 o 100 o 100
o v
50 50 50
1’ 10’ 10 10 1’ 10’ 10 10 1’ 10’ 10 10
distance3D(m)

distance3D(rm)

distance3D(rm)



Figure A6.1 Path loss in BS height = 2m
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Figure A6.2 Path loss in BS height = 2m

Appendix7 IIOT-A-x–LOS (All Areas)
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Figure A7(a) Path loss in BS height = 10m
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Figure A7(b) Path loss in BS height = 15m

[image: image57.png]1,72.36Hz, K g = 18.0572, SF ,c=2.583648

1,74.96Hz, K g = 18.4194, F ((=2.377208

1,=286Hz, K g = 18,9325, SF, c=1897308

3 0 105
o & 100 + Sample Data
S5 * Sample Data Ty + Sample Data g g ———FreeSpace
7 —— —FreeSpace % — — — FresSpace % Fitted
£n Fitted £ Fitted £ w® o
& & & L
&5 m o AN
&0 &5 C
10’ 10 10 10! 10 10 10! 10 10
distance3D(m) distance3D(m) distance3D(m)
{,=52.66Hz, K g = 19.0404, SF_ o =1.750548 26Hz, K, g = 19.292, SF o=1.3451d8 0GHz, K, g = 19.2962, SF, o=1.33748
115 115 120
1o
1o 115
+ Sample Data
& 10 ~ Sample Data & — FresSpace & +~ Sample Data
= — — —FreeSpace 21 Fitted 2 1o — — —FreeSpace
£ 100 Fitted £ 53 £ Fitted
H 10 o £ 105
oo & i & &
0 % £ 10
¥
3 0 %
10’ 10 10 10’ 10 10 10’ 10

distance3D(rm)

distance3D(rm)

distance3D(rm)



Figure A7(c) Path loss in BS height = 22m

Appendix8 IIOT-B-x-LOS (All Areas)
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Figure A8 Path loss in BS height = 2m
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