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1	Introduction
In the Study Item on Channel modeling for indoor industrial scenarios [1], it has been agreed to perform a calibration campaign to compare companies’ implementation of the channel model. In this contribution we provide some details on our simulations and the results of these. The calibration results have also been submitted to the email discussion [97-NR-10].

2	Channel model and simulation assumptions
The implementation and simulation is based on the draft CR in [2] which implements the agreements made so far in the SI [3]. Regarding the room height there is an agreement on a starting point from RAN1#96bis which states 10 m. However, in the email discussion [97-NR-10] it has been proposed to use different height values for the different sub-scenarios according to "25 m for sub-scenarios 1 & 3, and 15 m for sub-scenarios 2 & 4". Since some companies have already indicated that they have used this proposal in the calibration we have also assumed these hall heights for our simulations to better align and allow comparisons of the results. 
Furthermore, the agreed metric 3) (copied below) is slightly ambiguous since the CDFs of the spreads will be different if considering all links or only links to the serving cell. Since the previous calibration of the scenarios UMa, UMi, and InH in 38.901 used links to the serving cell only (compare Table 7.8-2 metric 3) in TR 38.901) we have assumed that metric 3) for the Indoor industrial calibration should also be derived for the serving cell only. 

Agreement: 
Use the following metrics for calibration of the indoor industrial scenario:
1. Coupling loss – serving cell
1. Geometry with and without noise
1. CDF of delay and angle spread (ASD, ZSD, ASA, ZSA) according to definition in Annex A.1 of TR 38.901
1. CDF of first path excess delay for serving cell

Furthermore, it has been identified that there are no cluster scaling factors defined for N=25 for AOD/ZOD/AOA/ZOA generation in Tables 7.5-2 and 7.5-4. Hence, we have used the scaling factors for N=20. 
Additionally, we have enabled the spatial consistency modeling according to clauses 7.6.3.1 and 7.6.3.3 (for the LOS state) in TR 38.901.
Finally, to get adequate statistics a total of 1000 UTs have been simulated. However, due to the rather large correlation distances of some LSPs in relation to the hall sizes this will not guarantee stable statistics, especially for the metrics that are calculated only for serving links. Therefore, our submitted calibration results combine the metrics from 10 different Monte Carlo simulations with different random seeds to get more robust CDFs. In the next section we provide more analysis of the need for simulations with multiple random seeds. 
The simulation assumptions that have been used the calibration results that we have submitted to the email discussion [97-NR-10] are summarized in Table 1. 
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	Parameter
	Values

	Baseline channel model and calibration assumptions
	According to [2] which follows [3]

	Additional assumptions
	Factory hall height
	Sub-scenarios 1 and 3: 25 m 
Sub-scenarios 2 and 4: 15 m

	
	Metric 3)
	ASD/ZSD/ASA/ZSA is determined only for links to the serving cell

	
	Cluster scaling factors in channel generation Step 7
	Use the values for N=20 in Tables 7.5-2 and 7.5-4

	
	Spatial consistency
	Yes, including for the LOS state (clauses 7.6.3.1 and 7.6.3.3 in TR 38.901)

	
	Number of UTs per simulation
	1000

	
	Number of simulations (different random seeds)
	10



3	Discussion on the robustness of the CDFs
To ensure comparability between the simulations of different companies it is important that enough independent samples of the various random distributions are considered. The simulation assumptions include a factory hall of size 120x60 m or 300x150 m with BS in a rectangular grid with spacing D = 20 or 50 m according to Figure 1. This means that the typical cell size will be roughly square-shaped with side length equal to D. 
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[bookmark: _Ref16753800]Figure 1	BS deployment and hall size for the calibration simulations of the indoor industrial channel model
When analyzing the metrics in this simulation scenario it is important to consider how many independent realizations of the random variables that are expected in each cell. Recall that all metrics are based on the path gain or the angle/delay spread for links to the serving cell (geometry is the ratio between the serving cell path gain and the sum of the path gain to all other cells). Hence, a rough estimate of the number of independent realizations can be determined by comparing the cell size to the autocorrelation distance of the LOS state (assumed to be 10 m for the calibration) and of the relevant LSPs. The latter are summarized in Table 2. It is obvious that the correlation distances are of the same order of magnitude as the cell size. Therefore, there will only be a few effectively independent realizations of the LOS state and the LSPs within each cell. The effect of this is directly noticeable when comparing CDFs generated using different random seeds, as shown in Figure 2 and Figure 3. These simulations have used 1000 randomly dropped UTs each. 

[bookmark: _Ref16754276]Table 2	Correlation distances for the LSPs (excerpt from [2])
	Scenarios
	Indoor Industrial

	
	LOS
	NLOS

	Correlation distance in the horizontal plane [m]
	DS
	50
	52

	
	ASD
	10
	13

	
	ASA
	10
	13

	
	SF
	15
	30

	
	
	32
	14

	
	ZSA
	10
	20

	
	ZSD
	10
	20
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[bookmark: _Ref16758338]Figure 2	Example of seed-dependence of the coupling loss CDFs. Each red and blue curve consists of the CDF for a single random seed, while the black curves show the results for the aggregate of 10 different random seeds
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[bookmark: _Ref16758340]Figure 3	Example of seed-dependence of the delay spread (serving cell) CDFs. Each red and blue curve consists of the CDF for a single random seed, while the black curves show the results for the aggregate of 10 different random seeds
To avoid issues with such seed-dependence in calibration or in future simulation campaigns there are three options to be considered:
1. Reduce the correlation distances so that they are small in relation to the expected cell sizes
2. Increase the factory hall size and/or the cell sizes
3. Use multiple random seeds in the simulations and collect statistics by combining results for all such experiments
In the results we have submitted for the calibration in [97-NR-10] we have used 10 different random seeds to get more stable CDFs. 

4	Conclusions
In this contribution we have outlined the simulations including additional assumptions that we have used to generate calibration metrics for the calibration campaign in [97-NR-10]. An issue has been identified with poor statistical significance due to the large autocorrelation distances in relation to the cell sizes. For the calibration campaign, we have addressed this issue by repeating the simulations multiple times with different random seeds. Other options that could be considered for the channel model finalization or for future simulation campaigns is to reduce the LOS and LSP correlation distances or to increase the factory hall size and/or the cell sizes. 

References
[bookmark: _Ref528923815][bookmark: _Hlk525744306]RP-182138, SID on Channel Modeling for Indoor Industrial Scenarios, Ericsson, 3GPP TSG-RAN Meeting #81, Gold Coast, Australia, September 10th – 13th 2018.
[bookmark: _Ref16686044]R1-1909334 Addition of indoor industrial channel model, Ericsson, RAN1#98, Prague, Czech Republic, Aug 26-30, 2019.
[bookmark: _Ref9852692][bookmark: _Ref16686061]R1-1909333, List of agreements, Ericsson, RAN1#98, Prague, Czech Republic, Aug 26-30, 2019.


image1.emf
 


image2.emf

image3.emf

