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1	Introduction
In RAN#85, the Study Item on Channel Modelling for Indoor Industrial Scenarios [1] was closed and a CR [2] was approved adding the indoor industrial scenario and model to TR 38.901 [3]. The following is noted in the draft meeting report from RAN#85:
conclusion: SI is declared 100% complete, dense multipath aspect can be handled byu email and if there is consensus a CR to correct the TR can be provided to RAN #86

The purpose of the present tdoc is to summarize the email discussion [98b-NR-27] on dense multipath modeling for the IIIOT channel model. 
[98b-NR-27]
Email discussion on dense multipath for IIIOT channel model, till next meeting – Henrik (Ericsson)


[bookmark: _Ref178064866]2	Company input
In the first phase of the email discussion, companies were invited to provide their views on the need for dense multipath improvements and on possible modeling approaches. 

2.1	Observations of dense multipath in industrial channels
Q: What is the motivation and need for modeling of dense multipath in indoor industrial scenarios? Are there existing or new measurements of dense multipath characteristics in delay and angle that should be considered?
	Company
	Views on dense multipath: observations, motivation, etc

	ZTE
	TR 38.901 defines following (texts marked in blue/yellow) in section 7.6.2.2:
With large antenna arrays or large bandwidths, the angle and/or delay resolution can be larger than what the fast fading model in Subclause 7.5 is designed to support. To model this effect, the following modifications to Step 7 in Subclause 7.5 can be optionally used.
1.	The offset angles m in (7.5-13), (7.5-18) and (7.5-20) are generated independently per cluster and ray using: 

		(7.6-5)


where  denotes the continuous uniform distribution in the interval . These random variables may further be modelled as spatially consistent with correlation distance equal to the cluster-specific random variable correlation distance of Table 7.6.3.1-2.




2.	The relative delay of m-th ray is given by , where n is the cluster index, , the cluster DS  is given in Table 7.5-6. These random variables may further be modelled as spatially consistent with correlation distance equal to the cluster-specific random variable correlation distance of Table 7.6.3.1-2. In this case, the sub-cluster mapping according to (7.5-26) and Table 7.5-5 shall not be applied. The delays to be used in Equation (7.6-3) are given by .
3.	Ray powers are determined unequally by the following process:

The power of m-th ray in n-th cluster is given by  for m = 1,…,M, where 

		(7.6-6)




and , , , and  are respectively the intra-cluster delay spread and the corresponding intra-cluster angular spread that are given in Table 7.5-6. The cluster zenith spread of departure is given by

	,	(7.6-7)

with  being defined in Tables 7.5-7, 7.5-8, 7.5-9, and 7.5-10.
4.	The number of rays per cluster shall be calculated as follows:

		(7.6-8)
where:

-	

-	

-	


-	 is the upper limit of , and it should be selected by the user of channel model based on the trade-off between simulation complexity and accuracy.





-	 and  are the array size in m in horizontal and vertical dimension, B is bandwidth in Hz,  and  are the cluster spreads in degrees, and  is the wavelength.

-	 is a "sparseness" parameter with value 0.5.
It is noted that each MPC may have different AOD, ZOD, and delay.
Based on the above model in section 7.6.2.2 of TR38.901 and the equations marked in yellow, it can be observed that:
A. The delay/angular/power of each sub-ray in a cluster are already sub-ray-dependent, which are different from base modeling in section 7.5.
B. The power of each sub-ray follows the exponential decay with respect to delay and angular.
So it seems that DMP has been already modeled in TR38.901. 
Further modeling improvement, if indeed necessary, shall be based on validated measurements and be compatible to the modeling in 7.6.2.


	Nokia
	We had not seen any factory measurement data or analysis that distinguish dense multipath components from specular multipath components in the course of this SI. The rich scattering channel characteristics of the factory environment is somewhat captured in the InF model by using the number of clusters N=25, compared to N=15, 19 for indoor office LOS, NLOS. Given the available data, we are fine with the current model in the approved 38.901 CR.

	
	

	
	

	
	

	
	



2.2	Shortcomings of the existing dense multipath model in TR 38.901 clause 7.6.2
Q: Is the current model approach for dense multipath in 38.901 (e.g. clause 7.6.2) adequate, or should it be improved, or is a new modeling approach required?
	Company
	Views on the adequacy or shortcomings on the dense multipath model in TR 38.901 clause 7.6.2

	
	

	
	

	
	

	
	

	
	

	
	



2.3	Proposals for improved dense multipath modeling
In case modeling improvements or new approaches are preferred, companies are encouraged to provide concrete and comprehensive proposals including parameter values etc. 
	Company
	Proposals for improved dense multipath modeling

	
	

	
	

	
	

	
	

	
	

	
	



3	Way forward
Given the company views shared in the first phase of the email discussion, and the lack of appetite or proposals for improving the dense multipath modeling, the consensus from the email discussion appears to be that no changes to the dense multipath modeling in TR 38.901 are needed.
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