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1 Introduction

In RAN #81, a new RAN1-led SI on Channel modeling for Indoor Industrial scenario [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.
In recent RAN1 email discussions, the following proposal gains the wide consensus:

Proposal 2: Absolute time of arrival of multipath components in LOS and NLOS is added as an additional modeling component

Note: This modeling component is provided to support simulations in which absolute time of arrival is important (e.g., ToA based positioning)

This document addresses the modeling of absolute time of arrival.

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

The absolute time of arrival for the first detectable NLOS ray and vLOS_delay are obtained from simulation based on ray tracing with three-order reflections and single-order diffraction. 

· The first detectable NLOS ray refers to the earliest arrival NLOS ray whose power is larger than (max ray power in all Rx rays– power threshold), where power threshold is set to 30dB in the simulation.

· vLOS_delay represents the propagation time in virtual LOS distance between Tx and Rx. 
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Figure 2.1 Industrial IOT scenario with multi-functional 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
	UE height: 1.5m, Uniformly distributed.

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


Table 2-2 Configuration parameters for each sub scenario

	　
	Statistics of log(MinNLosdelay/1s)

	sub scenario
	ulog(MinNLosDelay)
	σlog(MinNLosDelay)

	IIOT-B-H
	-7.62
	0.80

	IIOT-B-M
	-7.41
	0.54

	IIOT-B-L
	-7.38
	0.56

	IIOT-B Average
	-7.47
	0.63

	IIOT-A-H
	-8.35
	0.83

	IIOT-A-M
	-8.44
	0.85

	IIOT-A-L
	-8.50
	0.75

	IIOT-A Average
	-8.43
	0.81


Denote minLogDelay as following:

minLogDelay = log10((Absolute time of arrival for the first detectable NLOS ray – vLOS_delay )/1s) 
where minLogDelay in each BSs and the sub-scenarios [8] follows a log-normal distribution whose mean and standard deviation are shown in Table 2-2 and Table A-1.

Observation1: The ray-tracing simulation demonstrates minLogDelay follows a log-normal distribution with mean values and standard deviations mainly differentiated per BS height.
3 Absolute time of arrival model

In TR 38.901, the cluster delays for M clusters are generated according to the following step 5, where the cluster delays are relative to the earliest detectable cluster:
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Absolute time of arrival model in LOS state
In LOS condition, the absolute time of arrivals 
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is the 3D LOS distance[m] from transmitter to receiver, c = 3.0(108 m/s is the light velocity in free space. 
Absolute time of arrival model in NLOS state
In NLOS condition, the absolute time of arrival 
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follows a log normal distribution with the configuration in Table 3-1 according to the sub scenario type.
	Table 3-1 Configuration for each sub scenario

　
	Unit: log(MinNLosdelay/1s)

	sub scenario
	ulog(MinNLosDelay)
	σlog(MinNLosDelay)

	IIOT-B-X
	-7.47
	0.63

	IIOT-A-X
	-8.43
	0.81

	Note: X = {H,L,M}
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is the 3D LOS distance[m] from transmitter to receiver, c = 3.0(108 m/s is the light velocity in free space;
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 for n=1,…,N for the purpose of limiting the maximum value of absolute delay considering free space path loss and light travelling distance; N is the number of clusters;
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 for n=1,…,N and
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is the cluster power generated in section 7.5 or section 7.6.5 in TR38.901. 
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is calculated including both path loss and shadowing.
Proposal 1: Generate the absolute time of arrival for each cluster according to the delay of the first detectable cluster/ray.

Proposal 2: 
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follows a log normal distribution with the configuration in Table 3-1 according to the sub scenario type;
Proposal 3: Limit the min delay for each cluster according to
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and PL.

Proposal 4: Capture the absolute time of arrival model in LOS state and in NLOS state in IIOT additional modelling section.

4 Conclusion

This contribution concludes with following observations and proposals:

Observation1: The ray-tracing simulation demonstrates minLogDelay follows a log-normal distribution with mean values and standard deviations mainly differentiated per BS height.
Proposal 1: Generate the absolute time of arrival for each cluster according to the delay of the first detectable cluster/ray.

Proposal 2: 
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follows a log normal distribution with the configuration in Table 3-1 according to the sub scenario type;
Proposal 3: Limit the min delay for each cluster according to
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and PL.

Proposal 4: Capture the absolute time of arrival model in LOS state and in NLOS state in IIOT additional modelling section.
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Appendix1. Simulation result
Table A-1
(a)  Mean Value of minLogDelay for each Area and BS height
	　
	　
	BSHeight:2m
	BSHeight:10m
	BSHeight:15m
	BSHeight:22m

	Area1
	2.3GHz
	-7.66 
	-8.92 
	-9.07 
	-8.54 

	
	4.9GHz
	-7.65 
	-8.92 
	-9.07 
	-8.54 

	
	28GHz
	-7.62 
	-8.91 
	-9.06 
	-8.53 

	
	52.6GHz
	-7.61 
	-8.91 
	-9.06 
	-8.53 

	
	72GHz
	-7.59 
	-7.51 
	-7.35 
	-7.27 

	
	100GHz
	-7.58 
	-7.51 
	-7.35 
	-7.26 

	
	FreqMean
	-7.62 
	-8.45 
	-8.49 
	-8.11 

	
	AllMean
	-7.62 
	-8.35 

	Area2
	2.3GHz
	-7.56 
	-8.89 
	-9.11 
	-9.21 

	
	4.9GHz
	-7.54 
	-8.89 
	-9.10 
	-9.21 

	
	28GHz
	-7.52 
	-8.86 
	-9.08 
	-9.19 

	
	52.6GHz
	-7.50 
	-8.85 
	-9.05 
	-9.17 

	
	72GHz
	-7.49 
	-7.95 
	-7.94 
	-7.88 

	
	100GHz
	-7.49 
	-7.94 
	-7.93 
	-7.87 

	
	FreqMean
	-7.52 
	-8.56 
	-8.70 
	-8.76 

	
	AllMean
	-7.52 
	-8.67 

	Area3
	2.3GHz
	-7.32 
	-8.46 
	-8.58 
	-8.90 

	
	4.9GHz
	-7.31 
	-8.46 
	-8.58 
	-8.90 

	
	28GHz
	-7.29 
	-8.46 
	-8.57 
	-8.89 

	
	52.6GHz
	-7.29 
	-8.46 
	-8.57 
	-8.89 

	
	72GHz
	-7.29 
	-7.23 
	-7.16 
	-7.68 

	
	100GHz
	-7.29 
	-7.23 
	-7.16 
	-7.68 

	
	FreqMean
	-7.30 
	-8.05 
	-8.10 
	-8.49 

	
	AllMean
	-7.30 
	-8.21 

	Area4
	2.3GHz
	-7.40 
	-8.34 
	-9.21 
	-9.40 

	
	4.9GHz
	-7.40 
	-8.34 
	-9.20 
	-9.40 

	
	28GHz
	-7.38 
	-8.33 
	-9.12 
	-9.42 

	
	52.6GHz
	-7.37 
	-8.31 
	-9.12 
	-9.41 

	
	72GHz
	-7.37 
	-7.53 
	-7.49 
	-7.71 

	
	100GHz
	-7.37 
	-7.52 
	-7.49 
	-7.71 

	
	FreqMean
	-7.38 
	-8.06 
	-8.61 
	-8.84 

	
	AllMean
	-7.38 
	-8.50 


(b) Standard deviation of minLogDelay for each Area and BS height
	　
	　
	BSHeight:2m
	BSHeight:10m
	BSHeight:15m
	BSHeight:22m

	Area1
	2.3GHz
	0.80 
	1.03 
	0.57
	0.93


	
	4.9GHz
	0.80 
	1.03
	0.57
	0.94

	
	28GHz
	0.80 
	1.04
	0.58
	0.94

	
	52.6GHz
	0.79 
	1.04
	0.59
	0.95

	
	72GHz
	0.79 
	0.85
	0.83
	0.66

	
	100GHz
	0.79 
	0.85
	0.83
	0.67

	
	FreqMean
	0.80 
	0.97 
	0.66 
	0.85 

	
	AllMean
	0.80 
	0.83 

	Area2
	2.3GHz
	0.61
	0.86
	0.68
	0.67

	
	4.9GHz
	0.6
	0.86
	0.68
	0.67

	
	28GHz
	0.59
	0.88
	0.71
	0.7

	
	52.6GHz
	0.58
	0.89
	0.73
	0.71

	
	72GHz
	0.58
	0.92
	0.89
	0.8

	
	100GHz
	0.57
	0.91
	0.88
	0.8

	
	FreqMean
	0.59 
	0.89 
	0.76 
	0.73 

	
	AllMean
	0.59 
	0.79 

	Area3
	2.3GHz
	0.47
	1.14
	1.1
	0.97

	
	4.9GHz
	0.47
	1.14
	1.1
	0.97

	
	28GHz
	0.49
	1.14
	1.1
	0.98

	
	52.6GHz
	0.49
	1.14
	1.1
	0.98

	
	72GHz
	0.49
	0.53
	0.55
	0.7

	
	100GHz
	0.49
	0.53
	0.55
	0.7

	
	FreqMean
	0.48 
	0.94 
	0.92 
	0.88 

	
	AllMean
	0.48 
	0.91 

	Area4
	2.3GHz
	0.57
	1.04
	0.75
	0.65

	
	4.9GHz
	0.57
	1.04
	0.77
	0.65

	
	28GHz
	0.56
	1.03
	0.79
	0.67

	
	52.6GHz
	0.56
	1.03
	0.81
	0.68

	
	72GHz
	0.56
	0.59
	0.58
	0.61

	
	100GHz
	0.56
	0.57
	0.58
	0.61

	
	FreqMean
	0.56 
	0.88 
	0.71 
	0.65 

	
	AllMean
	0.56 
	0.75 


(c) Colour mark

	IIOT-B-H
	IIOT-A-H

	IIOT-B-M
	IIOT-B-M

	IIOT-B-L
	IIOT-A-L


Appendix2. Example: minLogDelay CDF for BS height=2m in Area4
[image: image24.png]COF(%)

fc=4.9GHz Mean:7.4, Sigmai). 57

fc=28GHz  Mean:7.38, Sigma.56

fc=2.3GHz Mean-7 .4, Sigmai.57
100 — 100 100 —
80 80 80
Sample Data Sample Data
60 g B — —Fitted g B — —Fitted
Sample Data & =
o — —Fitted S w S
il il il
0
a0 8 8 7 6 5 4 a0 e 8 7 B 5 a0 s 8 7 B 5
rminLogDelay() rminLogDelay() rminLogDelay()
fc=52.6GHz Mean-7.37, Sigmai). 56 fc=72GHz  Mean:-7.37, Sigma .56 fc=100GHz Mean:7.37, Sigmai0 56
100 100 — 100
80 80 80
Sample Data Sample Data Sample Data
— —Fitted
&0 & o} = —Fiteg o af [ —Fited
0 S m S m
il il il
0 0
a0 e 8 7 8 5 a0 e 8 7 8 5 a0 s 8 7 B 5
rminLogDelay() rminLogDelay()

minLogDelay()




Figure A2.1 minLogDelay CDF for BS height=2m in Area4
Step 5: Generate cluster delays � EMBED Equation.3  ���


Delays are drawn randomly from the delay distribution defined in Table 7.5-6. With exponential delay distribution calculate


	� EMBED Equation.3  ���,	(7.5-1)


Where r is the delay distribution proportionality factor, Xn ~ uniform(0,1), and cluster index n = 1,…,N. With uniform delay distribution the delay values � EMBED Equation.3  ��� are drawn from the corresponding range. Normalise the delays by subtracting the minimum delay and sort the normalised delays to ascending order:


	� EMBED Equation.3  ���.	(7.5-2)


In the case of LOS condition, additional scaling of delays is required to compensate for the effect of LOS peak addition to the delay spread. The heuristically determined Ricean K-factor dependent scaling constant is


	� EMBED Equation.3  ���,	(7.5-3)


where K [dB] is the Ricean K-factor as generated in Step 4. The scaled delays


	� EMBED Equation.3  ���,	(7.5-4)


are not to be used in cluster power generation.
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