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1
Introduction

In the email discussion [94-NR-06] on additional simulation assumptions for Rel-16 NR URLLC, the following was concluded for channel models to be used for the factory automation scenario [1]. As can be seen, options for layout and channel models are based on the 38.901/ITU InH scenario but companies may modify these to better match the expected conditions in a factory scenario. In this contribution we report the modifications that are proposed by Ericsson. 
Proposals approved by the email discussion: 
· Take the simulation settings in the following table as the starting point for Rel-16 NR URLLC system level evaluation for indoor hot-spot for factory automation:   
	Parameters
	Value

	Inter-BS distance
	20m

	Carrier frequency
	4 GHz

	UE Tx power
	23dBm

	BS antenna element gain + connector loss
	5 dBi

	BS receiver noise figure
	5dB

	BS antenna configurations
	FFS antenna ports (e.g., 4 Tx/4 Rx antenna ports, etc) 

(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5 λ for 4GHz

	BS antenna height
	[3] m
Note: Companies report the modification of the layout

	UE antenna configuration
	FFS antenna ports (e.g., 2 Tx/4 Rx antenna ports, etc.) 

Panel model 1: Mg = 1, Ng = 1, P = 2, dH = 0.5λ

	UE antenna height
	Follow the modelling of TR 38.901 (e.g. 1.5m)
Note: Companies report the modification of the layout

	UE antenna gain
	0dBi as starting point

	BS Tx power
	24 dBm per 20 MHz 

	BS receiver
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	UE receiver noise figure
	9 dB

	Parameters with the value not defined directly for factory automation in 38.802

	SCS 
	30 kHz
Note: Other values for evaluation are not precluded. 

	Simulation bandwidth 
	40 MHz

	Layout
	Single layer as defined in 38.802

Indoor floor: [(3, 6, 12) BSs per 120 m x 50 m]
Note: Companies report the modification of the layout 

	Channel model 
	ITU InH for 4 GHz

Companies report the modification of the channel model 

	Number of UEs per cell
	Up to [40]

	UE distribution
	100% of users are indoor: 3 km/h and/or 30 km/h UE-speed
Note: which one to use is up to companies and other value(s) are not precluded

	UE power control
	Companies report the PC mechanisms used for URLLC. 

	HARQ/repetition
	Companies report (including HARQ mechanisms).

	Channel estimation
	Realistic


2
Discussion

2.1
Layout and deployment
As observed in the LS from 5G-ACIA to RAN [2], the layout of indoor industrial scenarios such as factory halls differs significantly from the indoor office scenario in TR 38.901. In the LS, 5G-ACIA also proposed a model scenario with typical sizes, topology, and environmental characteristics. Fig 1 shows a high-level visualization of the proposed model scenario. 

[image: image1]
Figure 1 Indoor industrial scenario proposed by 5G-ACIA
For initial URLLC evaluations, we propose to use a simplified approach to the layout, where the industrial scenario is represented by a 100x100x10 m hall according to figure 2, which represents an abstraction of the more open parts such as the production area and the assembly lines. In this hall there are some objects, e.g. machinery, metal fences, workers, transporters, and cabinets arranged along assembly lines, but in general it is an open area without interior walls or other floor-to-ceiling obstructions. 
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Figure 2 Proposed indoor layout
2.2
System level channel modeling
We use the 38.901 InH channel model as a starting point for the system level channel modeling. Then the following modifications are applied:
· LOS probability

· Shadow fading

· Modeling of blocking by machinery etc

· Tuning off the delay spread and the angular spread

These modifications and their motivation are described further below

2.2.1
LOS probability
Considering the difference in the layout compared to the Indoor Hotspot scenario, it was deemed not appropriate to retain the LOS probability model of InH. Instead, the approach used here is to model the impact of obstructions in the factory explicitly using blocking model B as discussed further below. Therefore, the LOS probability has been set to 100% for all distances. 

2.2.2
Shadow fading

Based on a review of the literature on industrial propagation measurements we have used a shadow fading standard deviation of 5 dB. Note that this is somewhat larger than the 3 dB that is specified for the InH-LOS channel. 
2.2.3
Blockage modeling
To account for the presence of machinery, assembly lines, cabinets, and other clutter on the factory floor, we propose to use the geometric blockage model B of 38.901. By introducing stationary blockers in the floor plan we can statistically represent the impact of such objects on the propagation channel. According to blockage model B, a blocker of a given size and position acts as a spatial filter that attenuates the clusters and multipath components according to their angle of arrival or departure with respect to the blocker. 
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Figure 3 Illustration of blocking model
For the factory hall here, we model the metal fences along the assembly lines with one set of blockers, and the metallic objects such as machinery, frames, pillars, workers, transporters, etc, with a second set of blockers. The metal fences are approximated by a regular placement of small blockers with width 0.2 m and height 3m and are visible as black lines in Figure 2. The metallic objects are approximated by a set of blockers that are uniformly distributed with a certain density of blockers per square meter, a width that is uniformly distributed between 0.5 and 2 m, and a height that is uniformly distributed between 1 and 3 m. These blockers are visible as red squares in Figure 2. By varying the density of these blockers we can represent different degrees of clutter density in the factory hall and the corresponding impact on e.g. the path loss, as seen in Figure 4. For the first set of evaluations, we have used 0.1 blockers per m2, which results in 1000 blockers in total in the 100x100 m factory hall. For comparison, the resulting path loss is somewhat larger than when using the InH model (including its LOS probability function).
[image: image4.png]100

90

80

CDF [%]
2 @ @ N
58 32 38 3

w
g

20

10

Path gain

= Hybrid model,0 blockersim’
=== Hybrid model,0.01 blockers/m?
= Hybrid model,0.1 blockers/m?
=== Hybrid model,0.2 blockers/m’

Hybrid model, 0.5 blockersim®
e 3GPP InH Model B

0
-130 -120 -110 -100 -90 -80 =70 -60 -50

Path gain [dB]




Figure 4 Path gain distribution with different blocker densities compared with the 38.901 InH model. 
There are several reasons for using the blockage model instead of just capturing these propagation effects through the LOS probability and the shadow fading, including the inherent consistency in time, frequency, and space of the blockage model. One of the most attractive reasons is that it relaxes the need for modeling correlations between the channels to different BSs, as such correlations are instead implicitly captured through the geometric relations between the blocker positions and the ray directions. An example of this can be seen in Figure 5, which shows the profound effect that blockage modeling can have on the geometry. In this example, where two base stations are placed in the factory hall, the geometry is significantly improved when blockage modeling is enabled. The reason for this is that UEs on the cell border between the two BSs see the two base stations in opposite directions. Any nearby blockers will typically affect one but not the other link, hence increasing the cell isolation and the geometry. This type of correlation is difficult to characterize in a two-BS scenario, and almost impossible to capture statistically when more base stations are involved. In contrast, the blockage modeling provides it automatically. 
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Figure 5 Comparison of geometry with and without blockage modeling (BM) and shadow fading (SF) in a simple two-BS scenario
2.2.4
Angular and delay spread
A large factory hall with steel or concrete floor, walls, and ceiling will act similar to a reverberation chamber, as radio waves are reflected inside the hall while slowly being absorbed. Delay spread measurements in the literature support the notion that the observed delay spread increases with the factory hall volume, as seen in Figure 6. To capture this effect in the channel model, we adjust the lgDS so that the higher percentiles of the rms delay spread follow the red curve in Figure 6. A lower bound is used for small hall sizes so that the delay spread does not become lower than in the InH LOS model. 
Angular spread measurements in industrial environments are reported in [3]. Based on these results, we adjust the AOD spread such that the median value is reduced from about 40° to 20°. 
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Figure 6 Maximum observed rms delay spread vs room volume. Each circle represents one published reference. The red curve represents an approximate upper bound. 

The changes to the angle and delay spreads are summarized in Table 1.

Table 1. Proposed changes to the AOD and delay spread
	Scenarios
	Indoor-Office
	Industrial

	
	LOS
	NLOS
	LOS

	Delay spread (DS)
lgDS=log10(DS/1s)
	lgDS
	-0.01 log10(1+fc) - 7.692
	-0.28 log10(1+fc) - 7.173
	1.3+max(log10(2*log10(V/1000)),0)

V = hall volume [m3]

	
	lgDS
	0.18
	0.10 log10(1+fc) + 0.055
	0.18

	AOD spread (ASD)
lgASD=log10(ASD/1()
	lgASD
	1.60
	1.62
	1.30

	
	lgASD
	0.18
	0.25
	0.18


Conclusion

In this contribution we have presented our modifications of the channel model for the Rel-16 NR URLLC system level evaluation for indoor hot-spot for factory automation. It is proposed that the new channel model be adopted for performance evaluation of URLLC factory automation use case.
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