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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 fulfill 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 correlation distance of LOS probability.

2 Simulation on correlation distance in LOS probability
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 {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.

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

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


In the simulation, the LOS/NLOS data are counted in each of the 4 sub-areas shown in Appendix1. The LOS probability statistics for each sub-area and for each BS height are shown in [7]. Based on the simulation data in [7], the correlation distance of LOS probability is analysed according to [8]. The correlation coefficient is calculated by
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 is the cross-covariance of the parameters x and y under the assumption that cross-correlation coefficient reflects an exponential decay with distance:
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The simulation and data analysis are performed site by site as well as area by area, and the final results are shown in Table 2-1 and Table A2-1 in Appendix2, where Area1 is in high clutter density; Area4 is in low clutter density; Both Area2 and Area3 are in medium clutter densities.

Table 2-1 shows the average correlation distance in the same area changes with respect to the BS height, where IOT-A-X and IOT-B-X refers to [9] with X={H,L,M}.

Table 2-1 Correlation distance in different BS height and Area

	
	Clutter density
	High
	Medium
	Low

	
	Area
	Area1
	Area2
	Area3
	Area4

	IOT-A (BS above clutter)
	BSHeight:10m
	20.50
	15.67
	23.91
	19.06

	
	BSHeight:15m
	23.17
	16.17
	24.35
	20.11

	
	BSHeight:22m
	18.23
	17.25
	17.30
	26.36

	
	SubSce-Average
	20.63
	19.11
	21.84

	
	Average
	20.17

	IOT-B (BS embedded in clutter)
	BSHeight:2m
	16.29
	16.94
	20.4
	19.09

	
	SubSce-Average
	16.29
	18.67
	19.09

	
	Average
	18.18


Observation 1: Higher average correlation distances are observed for the above-clutter BS than for the embedded-clutter BS. 
Observation 2: For the given BS height, the difference among correlation distances for different clutter densities is small. 
Proposal 1: The correlation distance in LOS probability is given by
· For BS above the clutter: 20m;

· For BS embedded in clutter: 18m.

3 Conclusion

This contribution addresses the correlation distance of LOS probability in the indoor industry scenario and concludes with the following observations and proposals:

Observation 1: Higher average correlation distances are observed for the above-clutter BS than for the embedded-clutter BS. 
Observation 2: For the given BS height, the difference among correlation distances for different clutter densities is small. 
Proposal 1: The correlation distance in LOS probability is given by
· For BS above the clutter: 20m;

· For BS embedded in clutter: 18m.
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Appendix1. Sub-area partition in the given IIoT scenario (from [5])
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Figure A1.1

Appendix2. Correlation distance for each site in each area

Table A2-1 Correlation Distance for each site in different areas

	BS Height (m)
	SitePosNo
	AreaNo
	dcorr(m)
	dcorr_Mean (m)

	2.00 
	1 
	1 
	17.03
	16.29

	2.00
	2 
	1 
	15.04
	

	2.00
	3 
	1 
	15.29
	

	2.00
	4 
	1 
	18.74
	

	2.00
	5 
	1 
	15.36
	

	2.00 
	1 
	2
	15.89
	16.94

	2.00
	2 
	2
	16.23
	

	2.00
	3 
	2
	17.11
	

	2.00
	4 
	2
	18.42
	

	2.00
	5 
	2
	17.05
	

	2.00 
	1 
	3
	24.00
	20.40

	2.00
	2 
	3
	18.30
	

	2.00
	3 
	3
	21.78
	

	2.00
	4 
	3
	23.91
	

	2.00
	5 
	3
	14.00
	

	2.00 
	1 
	4
	17.72
	19.09

	2.00
	2 
	4 
	20.27
	

	2.00
	3 
	4 
	17.73
	

	2.00
	4 
	4 
	21.09
	

	2.00
	5 
	4 
	18.64
	

	10.00 
	1 
	1 
	26.58 
	20.50 

	10.00 
	2 
	1 
	19.81 
	

	10.00 
	3 
	1 
	18.26 
	

	10.00 
	4 
	1 
	20.51 
	

	10.00 
	5 
	1 
	17.34 
	

	10.00 
	1 
	2 
	14.66 
	15.67 

	10.00 
	2 
	2 
	15.34 
	

	10.00 
	3 
	2 
	15.14 
	

	10.00 
	4 
	2 
	16.97 
	

	10.00 
	5 
	2 
	16.23 
	

	10.00 
	1 
	3 
	25.90 
	23.91 

	10.00 
	2 
	3 
	22.89 
	

	10.00 
	3 
	3 
	23.29 
	

	10.00 
	4 
	3 
	25.07 
	

	10.00 
	5 
	3 
	22.41 
	

	10.00 
	1 
	4 
	20.69 
	19.06 

	10.00 
	2 
	4 
	23.30 
	

	10.00 
	3 
	4 
	18.44 
	

	10.00 
	4 
	4 
	20.04 
	

	10.00 
	5 
	4 
	12.85 
	

	15.00 
	1 
	1 
	34.31 
	23.17 

	15.00 
	2 
	1 
	18.97 
	

	15.00 
	3 
	1 
	22.33 
	

	15.00 
	4 
	1 
	22.80 
	

	15.00 
	5 
	1 
	17.43 
	

	15.00 
	1 
	2 
	15.37 
	16.17 

	15.00 
	2 
	2 
	16.72 
	

	15.00 
	3 
	2 
	15.69 
	

	15.00 
	4 
	2 
	16.38 
	

	15.00 
	5 
	2 
	16.67 
	

	15.00 
	1 
	3 
	24.90 
	24.35 

	15.00 
	2 
	3 
	23.79 
	

	15.00 
	3 
	3 
	22.29 
	

	15.00 
	4 
	3 
	29.30 
	

	15.00 
	5 
	3 
	21.46 
	

	15.00 
	1 
	4 
	20.97 
	20.11 

	15.00 
	2 
	4 
	22.24 
	

	15.00 
	3 
	4 
	21.59 
	

	15.00 
	4 
	4 
	20.18 
	

	15.00 
	5 
	4 
	15.58 
	

	22.00 
	1 
	1 
	19.80 
	18.23 

	22.00 
	2 
	1 
	15.51 
	

	22.00 
	3 
	1 
	18.83 
	

	22.00 
	4 
	1 
	20.78 
	

	22.00 
	5 
	1 
	16.25 
	

	22.00 
	1 
	2 
	15.23 
	17.25 

	22.00 
	2 
	2 
	20.29 
	

	22.00 
	3 
	2 
	16.10 
	

	22.00 
	4 
	2 
	15.91 
	

	22.00 
	5 
	2 
	18.72 
	

	22.00 
	1 
	3 
	24.06 
	17.30 

	22.00 
	2 
	3 
	15.60 
	

	22.00 
	3 
	3 
	24.57 
	

	22.00 
	4 
	3 
	4.78 
	

	22.00 
	5 
	3 
	17.50 
	

	22.00 
	1 
	4 
	22.13 
	26.36 

	22.00 
	2 
	4 
	32.93 
	

	22.00 
	3 
	4 
	21.42 
	

	22.00 
	4 
	4 
	18.71 
	

	22.00 
	5 
	4 
	36.62 
	


Appendix3. Example of correlation distance fitting result

The correlation results in Table A2-1 are fitted according to 80 groups of data in [7] and the followings are some of the fitting results as well as correlation coefficients calculated by raw data.

For BS Height=10m, SitePosNo=4, and AreaNo={1,2,3,4},
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Figure A3-1Correlation coefficient and fitting result with respect to distance(BsH:10m, SitePosNo:4)

For BS Height=22m, SitePosNo=2, and AreaNo={1,2,3,4},
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Figure A3-2 Correlation coefficient and fitting result with respect to distance (BsH:22m, SitePosNo:2)
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