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1	Introduction
In RAN1#96bis, a number of agreements for the indoor industrial channel model SI were reached. In this contribution, we present further details on our views on the fast fading modeling for the Indoor industrial channel model. 

[bookmark: _Ref178064866]2	Discussion on the fast fading modelling
One of the most important LSP parameters from an URLLC perspective may be the rms delay spread of the channel. Excessive delay spread in relation to the cyclic prefix may cause inter-symbol interference which degrades the SINR, potentially causing bit errors which require retransmissions and affect the latency. Hence, the modeling of the rms delay spread of the channel is of importance, particularly with regards to the high-end tail of the delay spread distribution. A comprehensive review of delay spread results in the literature has been provided in [1]. Fig 15 in [1], copied as Fig. 1 below for reference, shows the 99th percentile of the rms delay spread (reported or estimated from plots) as a function of the hall volume from 31 different sources. 
The figure shows a clear trend of increasing delay spread with increasing hall volume. This kind of behavior is expected and can readily be explained by reverberation theory (“room electromagnetics”). It also gives us an opportunity to allow the model to support a range of different hall sizes by specifying a delay spread that is functionally dependent on the hall size.
The figure doesn’t make a distinction between LOS and NLOS, nor between different sub-scenarios. For LOS, the reported values shown in Table 5 in [1] appear to be 20%-130% of the NLOS values. A 50% reduction in LOS can then be seen as typical. As reported by Nokia in [2], the delay spread does not differ much between different sub-scenarios, nor is it dependent on the distance. Hence, it may be enough with a common delay spread model for all sub-scenarios 1-4.
The solid blue line in Fig 1 represents an approximation of the trend of increasing delay spread with hall volume. For a Gaussian distribution, the relation between the median/mean and the 99th percentile is . If we retain the lgDS value of 0.18 from the InH scenario we can then determine . The curve for the blue line is given as  in ns (linear scale) and hence  in log scale (DS/1s). This lets us derive . A further restriction is to limit the volume to max(V,1000).
In LOS, we further reduce the delay spread by 50 % (-0.3 in log scale). This finally lets us arrive at the proposed delay spread parameters in Table 1. 




[image: ]
Figure 1	99th percentile of rms delay spread vs the factory hall volume, where each circle represents one measurement campaign. The percentiles have been estimated from the reported cdfs, tables, or quoted numbers in the references. The blue line corresponds to the 99th percentile of the NLOS model proposed in Table 1. 

Table 1	Proposed delay spread parameters for the industrial scenario
	Scenarios
	Indoor-Office
	Industrial

	
	LOS
	NLOS
	LOS
	Sub-scenario 1 NLOS

	Delay spread (DS)
	lgDS
	-0.01 log10(1+fc) - 7.692
	-0.28 log10(1+fc) - 7.173
	log10(500/6*log10(max(V,1000))-200)-9.72
V = hall volume [m3]
	log10(500/6*log10(max(V,1000))-200)-9.42
V = hall volume [m3]

	lgDS=log10(DS/1s)
	lgDS
	0.18
	0.10 log10(1+fc) + 0.055
	0.18
	0.18



[bookmark: _Toc7797137]The rms delay spread is dependent on the hall volume but independent on distance or frequency
[bookmark: _Toc7797138]A common delay spread model is used for NLOS in sub-scenarios 1-4
[bookmark: _Toc7797139]LOS delay spread is 50% lower than NLOS delay spread
[bookmark: _Toc7797140]The following parameters are proposed for the delay spread modeling in the industrial scenario
	Scenarios
	Indoor-Office
	Industrial

	
	LOS
	NLOS
	LOS
	Sub-scenario 1 NLOS

	Delay spread (DS)
	lgDS
	-0.01 log10(1+fc) - 7.692
	-0.28 log10(1+fc) - 7.173
	log10(500/6*log10(max(V,1000))-200)-9.72
V = hall volume [m3]
	log10(500/6*log10(max(V,1000))-200)-9.42
V = hall volume [m3]

	lgDS=log10(DS/1s)
	lgDS
	0.18
	0.10 log10(1+fc) + 0.055
	0.18
	0.18



Similar analysis may be performed for other LSPs, however this has not been done yet and there is not so much data reported for these LSPs. For the sake of progress, we propose to collect and merge all LSP proposals from different companies to get a starting point for the further work. Parameters for which there are no proposals or data may use the corresponding InH values as a starting point in order to construct a full parameter table. This merged proposal may still be further developed or modified depending on additional analysis, however it could serve as a common ground for initial model calibration. 
[bookmark: _Toc7797141]For compiling a full table for the LSP parameters, proceed as follows
· [bookmark: _Toc7797142]Collect LSP proposals from all companies, e.g. in an excel file
· [bookmark: _Toc7797143]Merge these proposals into a single table
· In case of conflicting proposals, decide on whether one proposal should be used, or some averaging or merging should be performed
· In case of missing parameters, reuse values from similar sub-scenarios or from InH
[bookmark: _Toc7797144]Use the compiled LSP table as the starting point for the fast fading modeling and initial model calibration (i.e. put the values inside square brackets)

The fast fading model specifies many cross-correlations between LSP, often with small correlation values. It can be questioned how significant such low correlations really are, both regarding how reliable the estimates are from measurements and if they have any impact on the simulation results. Furthermore, there can be issues with non-positive definiteness of the correlation matrix. Therefore, we propose to simplify the modeling by setting all such low correlations to 0.
[bookmark: _Toc7797145]Set cross-correlations that have absolute values less than 0.5 to zero to simplify the model


Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	The rms delay spread is dependent on the hall volume but independent on distance or frequency
Proposal 2	A common delay spread model is used for NLOS in sub-scenarios 1-4
Proposal 3	LOS delay spread is 50% lower than NLOS delay spread
Proposal 4	The following parameters are proposed for the delay spread modeling in the industrial scenario
Proposal 5	For compiling a full table for the LSP parameters, proceed as follows
	Collect LSP proposals from all companies, e.g. in an excel file
	Merge these proposals into a single table
Proposal 6	Use the compiled LSP table as the starting point for the fast fading modeling and initial model calibration (i.e. put the values inside square brackets)
Proposal 7	Set cross-correlations that have absolute values less than 0.5 to zero to simplify the model

	Scenarios
	Indoor-Office
	Industrial

	
	LOS
	NLOS
	LOS
	Sub-scenario 1 NLOS

	Delay spread (DS)
	lgDS
	-0.01 log10(1+fc) - 7.692
	-0.28 log10(1+fc) - 7.173
	log10(500/6*log10(max(V,1000))-200)-9.72
V = hall volume [m3]
	log10(500/6*log10(max(V,1000))-200)-9.42
V = hall volume [m3]

	lgDS=log10(DS/1s)
	lgDS
	0.18
	0.10 log10(1+fc) + 0.055
	0.18
	0.18
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