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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 modeling of K-factor.

2 Simulation
Simulation scenario

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 { 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 locations of gNB in XOY plane, where AntN refer to BSh_N for h={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.


Simulation results
The simulation in this paper 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.
The relationship between K_factor and d3D for different BS heights and frequencies is modelled by a linear fitting function:
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where 

· 
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 is the 3-dimensional straight distance (in meter) between transmitter and receiver.

· K and C are the slope and intercept of the function, respectively.

The fitting results for K_factor are illustrated in the Figure 2.2-1~2.2-3, Figure 2.3 and Table 2-2, where simulation data are collected from 5 base stations with the same height and the same frequency. 
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Figure 2.2-1 K_factor for BS height = 10m
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Figure 2.2-2 K_factor for BS height = 15m
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Figure 2.2-3 K_factor for BS height = 22m

Table 2-2 Fitting Results for BS={10,15, 22}m

	
	K
	C
	
[image: image7.wmf]s

(lognormal std. deviation)

	Freq (GHz)
	2.3
	4.9
	28
	52.6
	Mean
	2.3
	4.9
	28
	52.6
	Mean
	2.3
	4.9
	28
	52.6
	Mean

	BS height =10m
	-0.077
	-0.09
	-0.10
	-0.10
	-0.09
	7.79
	9.45
	12.25
	12.95
	10.61
	7.6
	7.77
	8.05
	8.12
	7.89

	BS height =15m
	-0.105
	-0.111
	-0.12
	-0.121
	-0.114
	8.28
	10.09
	13.10
	13.83
	11.33
	5.12
	5.47
	5.85
	5.93
	5.59

	BS height =22m
	-0.986
	-0.107
	-0.12
	-0.123
	-0.112
	8.51
	10.45
	13.83
	14.66
	11.86
	4.98
	5.41
	6.09
	6.23
	5.68

	Mean
	
	
	
	
	-0.11
	
	
	
	
	11.27
	
	
	
	
	6.39
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Figure 2.3 Fitting results of K_factor with respect to frequency and BS height

Observation1: Significant correlation between Tx-Rx 3D distance and K_factor can be observed for various BS heights and frequencies. 
Observation2: K_factor can be modelled as a linear function on Tx-Rx 3D distance, with 5~8 dB deviation.

Observation3: Parameter K shows a declining trend with respect to frequency and BS height.

Observation4: Parameter C shows an increasing trend with respect to frequency and BS height.

Observation5: Deviation 
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 shows an increasing trend with respect to frequency but a declining trend with respect to BS height. 
Proposal 1: Linear function with respect to Tx-Rx 3D distance is utilized to derive K_factor, subject to a lognormal standard deviation.  

3 K-factor model

Model 1

Due to large standard deviation (5dB~8dB) observed in section 2, K_factor model can be a simple linear function with respect to d3D for all BS heights and frequency.
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where 
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 is the 3-dimensional distance in meter between transmitter and receiver.

K = -0.11;

C = 11.27;


[image: image12.wmf]6.39

s

=

 is the lognormal standard deviation of random number added to K_factor.
Model 2

A sophisticated K_factor model is proposed to take into account the correlation between parameters K/C/
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 and BS height /frequency.
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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 a function of BS height and frequency. The detail is FFS.
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 is a function of BS height and frequency. The detail is FFS.
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 is the lognormal standard deviation of random number added to K_factor. It is a function of BS height and frequency. The detail is FFS.

Proposal 2: As an initial approach for further study, the coefficients in the linear function and the deviation can be either dependent on or independent from BS height and/or carrier frequency.

4 Conclusion

This contribution concludes with the following observations and proposals:

Observation1: Significant correlation between Tx-Rx 3D distance and K_factor can be observed for various BS heights and frequencies. 
Observation2: K_factor can be modelled as a linear function on Tx-Rx 3D distance, with 5~8 dB deviation.

Observation3: Parameter K shows a declining trend with respect to frequency and BS height.

Observation4: Parameter C shows an increasing trend with respect to frequency and BS height.

Observation5: Deviation 
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 shows an increasing trend with respect to frequency but a declining trend with respect to BS height. 
Proposal 1: Linear function with respect to Tx-Rx 3D distance is utilized to derive K_factor, subject to a lognormal standard deviation.  

Proposal 2: As an initial approach for further study, the coefficients in the linear function and the deviation can be either dependent on or independent from BS height and/or carrier frequency.
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