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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.
This document addresses the LOS probability modeling.
2 LOS probability simulation and analysis
Simulation scenario
The positions of base stations and UE’s in the simulation are shown in Figure 2.1 and Table 2-1.
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Figure 2.1 XY locations of transmitters

Table 2-1 Configuration for IIOT channel model simulation

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

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 2.1 for the location of transmitters in XOY plane, where AntN refer to BSh_N for h={10,15,22}m and N={1,2,3,4,5}, respectively.

	Positions of UE’s
	UE height: 1.5m, Uniformly distributed.

	Carrier Frequency
	2.3GHz; 4.9GHz; 28GHz; 52.6GHz.


Simulation result

For each of the BS heights {10m,15m,22m}, 5 base stations are deployed in the workshop as shown in Figure 2.1 and Table 2-1. The LOS/NLOS data are counted in each of the 4 sub-areas shown in Appendix.

The LOS probability statistics for each sub-area and for each BS height are shown in Figure 2.2~2.4.
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Figure 2.2 LOS probability in BS height 10m

[image: image3.png]Los probabilty(%)

150

100

50

LOS probabilty

—— B height:15m, Areal
——— BS height:15m, Area2
—— BS height:15m, Aread
—— BS height:15m, Aread

Eil

a0

60 &0 100 120
distance2D(m)

140




Figure 2.3 LOS probability in BS height 15m
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Figure 2.4 LOS probability in BS height 22m

Observation 1: LOS probability decreases as Tx-Rx 2D distance increases. 

Observation 2: LOS probabilities are different in sub-areas of different clutter densities. 

Proposal 1: LOS probability is dependent on Tx-Rx 2D distance and clutter density.

Analysis

Based on the simulation results above, we take Area1 (high clutter density) and Area4 (low clutter density) as two representative scenarios, and make curve fitting by piecewise functions as following:
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The distance thresholds of 7m and 1m are determined based on simulation results for high density and low density cases, respectively.

The fitting results for klow and khigh are listed in Table 3-2 and in Figure 2.5. 
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Figure 2.5 Fitting result for klow and khigh
Table 2-2 Curve fitting results for klow and khigh
	BS height
	10m
	15m
	22m
	Average

	klow
	503
	530
	330
	454.3

	khigh
	104
	94
	58
	85.3


Based on low clutter density and high clutter density LOS probability, the weighted function by interpolation is used to derive LOS probability for other intermediate clutter density, and a parameter c is defined to represent the relative clutter density as following:

· When c=0, the weighted LOS probability function converges to low probability function;

· When c=1, the weighted LOS probability function converges to high probability function.

Based on the further analysis in area3 with medium clutter density, it is found that the weight for low density and high density is also a function of d2D. As shown in Figure 2.6, the fitting curve is near to the curve of low clutter density in small d2D, but near to the curve of high clutter density in large d2D, so a d2D -dependent weight is necessary.
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Figure 2.6 Fitting result for Area3 in BS height 22m.

Consider the piecewise LOS probability model for variable clutter density as follows:
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Where 

· 
[image: image10.wmf][0,1]

c

Î

 is the relative clutter density. c=0 corresponds to low clutter density, c=1 corresponds to high clutter density.
· dc is the breakout distance for c

· pc is the breakout LOS probability for c
· 
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kc is the parameter for weight adjustment.

Consider the following piecewise functions for dc and pc:
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cb is the breakout value for c, 
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and a recommended value cb=0.8 is suggested for initial evaluation.
Calibration to find appropriate c and kc
Table 2-3 Curve fitting results for Area2 and Area3
	BS height
	10m
	15m
	22m
	Average

	karea3
	277
	314
	77
	334

	karea2
	101
	148
	164
	137.7
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BS height=10m                        BS height=15m                   BS height=22m

Figure 2.7 Fitting result for Area3 based on ka3=karea3
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Figure 2.8 Fitting result for Area2 based on ka2=karea2
The calibrated c and kc for Area2 and Area3 are given in Table 2-4 and Figure 2.9, respectively.

Table 2-4 The Calibrated results for Area2 and Area3

	
	Area2
	Area3

	c
	0.1
	0.005

	kc
	14
	5
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Figure 2.9 Calibrated results for Area2 and Area3

It is clearly shown in Figure 2.9 that, the LOS probabilities derived from model (2-3) for medium clutter densities match very well the directly fitted ones from ray tracing data.

Observation 3: LOS probability with medium clutter density can be generated by the weighted interpolation of two probability curves of high density and low density.

Observation 4: The weights used in LOS probability interpolation are dependent on the Tx-Rx 2D distance.
3 LOS probability model
According to the analysis in section 2, the LOS probability model in IIOT scenario is proposed as following.
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Where 

· 
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 is the relative clutter density;
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, kc is the parameter for weight adjustment.
· 
[image: image22.wmf]6

7,

1,

b

b

c

b

c

cc

c

d

cc

ì

-+£

ï

=

í

ï

>

î

 is the breakout distance for the given c;

· 
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 is the breakout LOS probability for the given c;
· cb is the breakout value for c, 
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and a recommended value cb=0.8 is suggested for initial evaluation.
The configuration in Table 3-1 can be utilized as a baseline for IIOT evaluation, with other configurations not precluded. 
Table 3-1 Configurations for LOS probability in sub-areas of IIOT scenario

	Sub-Area clutter density
	Low 
	High
	Medium 1
	Medium 2

	c
	0
	1
	0.1
	0.005

	kc
	-
	-
	14
	5


Proposal 2: LOS probability for a given clutter density is modelled as the weighted interpolation of two LOS probabilities of high and low clutter densities.

4 Conclusion

In this contribution, the LOS probability model are proposed based on simulation results in an indoor industry scenario with the following observations and proposals:

Observation 1: LOS probability decreases as Tx-Rx 2D distance increases. 

Observation 2: LOS probabilities are different in sub-areas of different clutter densities. 

Observation 3: LOS probability with medium clutter density can be generated by the weighted interpolation of two probability curves of high density and low density.

Observation 4: The weights used in LOS probability interpolation are dependent on the Tx-Rx 2D distance.
Proposal 1: LOS probability is dependent on Tx-Rx 2D distance and clutter density.

Proposal 2: LOS probability for a given clutter density is modelled as the weighted interpolation of two LOS probabilities of high and low clutter densities.
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Appendix. Sub-area partition in the given IIoT scenario (from [5])
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