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1	Introduction
This document is intended to capture input from companies on the following email discussion:
[FS_IIIOT_CM-08] Fast fading modeling and parameters
· Collect company input on fast fading modeling and parameters – until March 14, 2019
· Agree on way forward – until March 25, 2019

[bookmark: _Ref178064866]2	Scope
This discussion is a follow-up of the previous email discussion [FS_IIIOT_CM-02] Measurements and observations which was summarized in [1]. 
In this new email discussion, companies are invited to provide further views on the fast fading modeling and parameters in indoor industrial scenarios.
3	Email discussion topics

3.1	Modelling framework
	Company
	Observations
	Proposals

	Ericsson
	The baseline model described in clause 7.5 in TR 38.901 (figure below + detailed description of steps 1-12 in channel coefficient generation) has been extensively used in 3GPP simulations of various technology components and most companies are both familiar with it and have access to their own implementations. Various calibration campaigns within different SI/WI have further helped ensure that different implementations of this model give similar results and conclusions. Hence, the baseline model in 38.901 represents an excellent starting point for development of a model for the indoor industrial scenario. However, new parameter values based on measurements and analysis will have to be defined for the industrial scenario. It is possible that measurements will not be available for characterizing all parameters in the baseline model, hence we might consider using values from the InH scenario in those cases. 


	· Adopt the baseline model of TR 38.901 
· This includes using the modelling steps 1-12 in clause 7.5 in TR 38.901, and the channel model parameters in Tables 7.5-6 to 7.5.10
· Derive new values for these channel model parameters for one or more industrial scenarios
· For parameters where there is insufficient measurement data available for the industrial scenario, consider reusing parameter values from the InH scenario in order to get a complete specification of the model.  

	Qualcomm
	We agree that the modeling framework in TR 38.901 can be utilized as starting point, with new parameter values derived for industrial scenarios based on existing/new measurements and/or analysis. However, strong overall validation of the updated modeling also should be planned with independent/separate measurements.  
	Consider a plan to have overall validation of the derived modeling through independent measurements.

	ZTE
	.
	The new fast fading model of IIOT shall be fit into 38.901 fast fading framework

	NTT DOCOMO
	
	・Use TR. 38.901 as baseline model
・Modify fast fading parameters such as LSP and SSP for factory scenarios



3.2	Delay spread and distribution of clusters in delay
	Company
	Observations
	Proposals

	Ericsson
	There are many measurements of the rms delay spread in the literature, and further results have been contributed by companies. A clear trend of increasing delay spread with increasing factory hall size is observed in our literature review in R1-1813129 and it appears as it the newly contributed results support this observation, although some variation may be observed between industrial halls of similar size but with different levels of clutter. 
[image: ]
In R1-1903122 we were able to fit a function for the log median of the rms delay spread, lgDS, vs the room volume. This methodology could be expanded by taking into account also new measurement data as reported in the SI. 
[image: ]
	· Confirm the trend of rms delay spread vs hall size by including all contributed data in a scatter plot of e.g. 99th percentile of delay spread vs hall volume
· Derive a function for lgDS as a function of hall volume or hall area using the scatter plot

	Nokia
	We also reported delay spread measurements in (R1-1902624) and observed similar delay spread distribution for elevated BS antenna and clutter-embedded BS antenna.
	

	ZTE
	In low or medium clutter density scenario, the rms delay spread is dependent on hall volume;
In high clutter density scenario, the rms delay spread is not strongly dependent on hall volume due to most of rays obstructed by metallic clutters.
	Delay spread is a function of both clutter density and hall volume size.

	CMCC
	Observation 2: The mean value of RMS delay spread model in indoor industrial scenario is significantly larger than that in InH-Office scenario.
Observation 3: The heights of the transceiver may have greater impact on the RMS delay spread in NLOS scenario.
	Proposal 2: The RMS delay spread model should be studied. The space of the environment may have the impact on the RMS delay spread.

	NTT DOCOMO
	TR 38.901 InH underestimates delay spreads in factory environment.
	Modify average and standard deviation based on measurement data.




3.3	Angular spreads and distribution of clusters in angle
	Company
	Observations
	Proposals

	Ericsson
	Not so many results in the literature. Some indications that the angular spreads are lower than in InH
	

	Nokia
	We deduced AOD parameters in dense factory clutter environment from the observation of effective azimuth gain at 28 GHz over more than 1000 links (R1-1902623).
	

	NTT DOCOMO
	
	If possible, modify average and standard deviation based on measurement data.




3.4	Spatial and temporal multipath fading, Doppler spreads, K-factor, etc
	Company
	Observations
	Proposals

	Ericsson
	Rich multipath in NLOS, significant Rice-fading in LOS
	

	ZTE
	[Ref. R1-1902114]
Significant correlation between Tx-Rx 3D distance and K-factor can be observed for various BS heights and frequencies. 
K-factor can be modeled as a linear function on Tx-Rx 3D distance, with 5~8 dB deviation.
	Linear function with respect to Tx-Rx 3D distance can be utilized to derive K-factor, subject to a lognormal standard deviation.
As an initial approach for further study, the coefficients in the linear function and the deviation can be independent from BS height and carrier frequency.

	
	
	



3.5	Polarization, XPR
	Company
	Observations
	Proposals

	Ericsson
	Similar XPRs observed in measurements as in e.g. the InH model
	· 

	
	
	

	
	
	



3.6	Multipath components: number of clusters and MPCs, intra-cluster spreads
	Company
	Observations
	Proposals

	Ericsson
	
	· 

	Qualcomm
	As indicated in R1-1903023, literature suggests that in some industrial environments a significant fraction of power may be received over dense multipath components, rather than a few specular multipath components – used, e.g., in the indoor-hotspot model in 38.901.
	Consider modeling the impact of sizable fraction of received power over dense multipath components.

	
	
	



3.7	Frequency trends for the fast fading parameters
	Company
	Observations
	Proposals

	Ericsson
	Many aspects of the fast fading seem to be more determined by the geometry than the frequency. E.g. the delay spread seems to depend mainly on the hall size. 
	· Use frequency-independent fast fading parameters except for those where it can be conclusively shown that there is a clear and strong frequency trend

	ZTE
	Whether parameters, e.g. rms delay spread, is frequency-dependent, is determined by the characteristics of the dominant rays, i.e. 
- if the Rx power is mainly composed by reflection/los rays, frequency-independent may be observed;
- if the Rx power is mainly composed by diffraction/reflection rays, frequency-dependent may be observed.
	Whether the fast fading parameters is frequency-dependent or frequency-independent shall be determined based on measurements or simulation results. 

	NTT DOCOMO
	
	Evaluate frequency dependency and modify frequency dependency of average and standard deviation based on measurement data, if needed.




3.8	Other aspects of fast fading modeling and parameters
	Company
	Observations
	Proposals

	
	
	

	
	
	

	
	
	



Way forward
The following proposals have reached consensus among the channel model experts on the 3GPP_TSG_RAN_WG1_CHANNELMODEL@LIST.ETSI.ORG reflector. 

Proposal 1: Use the fast fading modelling framework of TR 38.901 for the industrial scenario
· Companies are encouraged to provide contributions on parameter values for the different sub-scenarios
· For parameters where there are no measurements, use values from InH as the baseline
· Note: The InH parameters may be “smartly adapted” 

Proposal 2: Frequency dependence and hall volume dependence is FFS
· Companies are encouraged to provide CDFs and percentiles + parameterizations per sub-scenario

Proposal 3: FFS on how to capture the dense multipath 
· Options could include:
· Increasing the number of clusters to emulate the dense multipath but keeping fixed 20 rays per cluster according to the modeling framework
· Or, keeping the number of cluster but increasing the number of rays and intra-cluser delay spread
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Table 1: Proposed model for hall volume-dependent rms delay spread
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