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1	Introduction
This document is intended to capture input from companies in the following email discussion:
[96b-NR-08e] Fast fading modeling
· Collect company input on scenario description– until April 24, 2019
· Agree on way forward – until May 2, 2019

[bookmark: _Ref178064866]2	Background and scope
In RAN1#96bis, a number of agreements for the indoor industrial channel model SI were reached. The agreements with relevance for the fast fading modeling are copied below. In this email discussion, companies are invited to provide further views on the fast fading model and parameters.

Agreements:
· The channel model should cover 0.5-[100] GHz, where the upper range can be less than 100 GHz depending on the availability of scientifically validated measurement and/or simulation data that the model can be validated against
· Note: According to the SID, priority should be given to channel modeling for frequency ranges below 52.6GHz
Agreements:
· A common modeling methodology for all bands should be adopted, where model parameters can be frequency-dependent
· Note: Some additional model components, such as oxygen absorption or EM interference from machinery, may be applicable only to a subset of frequencies

Agreements:
[bookmark: _Hlk535322247]A new Indoor - Industrial scenario (IIoT) is added to TR 38.901
· This scenario can have one or more sub-scenarios where some environment parameters and/or channel model parameters may differ between the sub-scenarios (note: compare InH-open office and InH mixed office in 38.901)
· A sub-scenario is defined by the range of validity of the environment parameters and the channel model parameters
· FFS on the number and details of these sub-scenarios, including homogeneity or heterogeneity of environment parameters and channel model parameters within a sub-scenario
· When possible, the channel model components should cover the range of the environment parameters of the different sub-scenarios
· E.g. a LOS probability model with a functional dependence on the clutter density is preferable to separate LOS probability models for different clutter densities
· For channel model calibration purposes, the sub-scenario description can be complemented with additional simulation assumptions, including:
· BS deployment and user distribution
· Mobility
· Antenna models
· Output powers and noise figures
· etc
Agreements:
Adopt a sub-scenario according to the table below
· Note: Further sub-scenarios may be adopted if needed
	Parameters
	Sub-scenario 1

	Layout
	Room size
	Rectangular: [FFS, e.g. 5000-20000 m2] 

	
	Ceiling height
	[FFS: e.g. 10-25 m]

	
	External wall type
	[Concrete walls with metal-coated windows]

	Clutter type
	[Small to medium metallic machinery and objects]

	Clutter density and distribution
	FFS

	Clutter height
	FFS

	BS antenna height hBS
	[clutter-embedded or above clutter]

	UT location
	LOS/NLOS
	LOS and NLOS

	
	Height hUT
	[Clutter-embedded]




Agreements:
For comparison results from different sources, the following is recommended
· For mean angle and angular spread, the definitions in 38.901 Annex A should be used
· For all other parameters, the definitions and procedures for calculation of parameter values should follow WINNER II part 2
· Consider the guidance for comparability in mmMAGIC D2.2 Table 3.1 when comparing results from different frequencies
· Companies are encouraged to describe any additional methods used for data extraction like super-resolution methods
Agreements:
Introduce four industrial sub-scenarios
· Sub-scenario 1: Low clutter density, both Tx and Rx antennas are clutter-embedded (LOS or NLOS)
· Sub-scenario 2: High clutter density, both Tx and Rx antennas are clutter-embedded (LOS or NLOS)
· Sub-scenario 3: Low clutter density, one of Tx or Rx is elevated above the clutter (LOS or NLOS)
· Sub-scenario 4: High clutter density, one of Tx or Rx is elevated above the clutter (LOS or NLOS)
· Definition of “low” and “high” clutter density is FFS
· As a starting point, a common set of fast fading parameters are used for LOS in all four sub-scenarios
· FFS if other parameters can be merged across scenarios
· Companies are encouraged to provide parameterizations for each of the sub-scenarios
· Path loss model
· LOS probability
· Fast fading model parameters
· FFS on the need for further sub-scenarios, e.g. for sensors embedded within cubicles or machinery 


Agreements:
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” 
Agreements:
The hall volume dependence of the channel model parameters such as the delay spread is FFS
· Companies are encouraged to provide CDFs and percentiles + parameterizations per sub-scenario
Agreements:
FFS on how to capture the dense multipath as observed in some measurements
· 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-cluster delay spread

3	Email discussion topics

3.1	Fast fading model parameters
As it has been agreed to use the fast fading modelling framework from TR 38.901, companies are encouraged to provide parameter values for the different sub-scenarios. The attached excel file has been prepared to facilitate the collection of parameter proposals. Views may also be provided in the table below. 

	Company
	Views
	Proposals

	Ericsson
	The compilation of rms delay spread data from many different sources in R1-1905202 clearly shows a 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. 
[image: ]
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 R1-1905202 appear to be 20%-130% of the NLOS values. A 50% reduction in LOS can then be seen as typical. As reported in R1-1902624 by Nokia, 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. 
	· Rms delay spread is dependent on the hall volume but independent on distance
· A common delay spread model is used for NLOS in sub-scenarios 1-4
· LOS delay spread is 50% lower than NLOS delay spread
· Proposed functions for lgDS according to the above are in the excel file

	ZTE
	Frequency-independent RMS DS is observed in recent measurement as well as in simulation result;
Negligible difference on RMS DS is observed for different BS height in BS elevated sub-scenarios;
Comparable difference on RMS DS is observed for different sub-scenarios.
	It is propose that RMS DS is 
a. Frequency independent
b. BS height independent;
c. Sub-scenario dependent;

	Huawei
	According to the measurements, RMS delay spread depends strongly on the factory environment that is characterized by, e.g., factory size, clutter density and height, materials, and BS height. 
	Delay spread should be defined for each sub-scenario, and it should be a function of factory size.

	NTT DOCOMO
	Study of R1-1905202 is very useful, however, it is concerned that measurement results of mmWave are limited. Collecting measurement data for mmWave seems difficult, therefore, utilizing raytracing data seems one of the candidates to evaluate frequency characteristics.
	

	Qualcomm
	Given the strong dependence observed for RMS delay spread on factory volume, frequency, clutter density, and gNB elevation, different sets of parameters would be required for different sub-scenarios.
	Define separate RMS delay spread for different sub-scenarios, with additional dependence on factory volume and frequency.

	Nokia
	From R1-1905202 and R1-1902624, it seems clear that RMS delay spread is volume-dependent, distance-independent, antenna configuration-independent and scenario-independent.
Unless, there is a clear frequency-dependence of RMS delay spread reported, the model should be considered as frequency-independent.
	· RMS delay spread is frequency-independent, distance-independent, antenna height-independent, and sub-scenario-independent.
· Consider a common volume-dependent RMS delay spread model for all sub-scenarios.



3.2	Views on fast fading modelling: data merging, averaging, etc
Companies are encouraged to provide views on how the fast fading data or proposals from different sources should be merged, what type of model components should be used, etc. 

	Company
	Views
	Proposals

	Ericsson
	For the delay spread we have proposed functional dependence based on a compilation of most (all?) reported measurements in the previous section. 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. This merged proposal may still be further developed or modified depending on additional analysis. 
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. 


	· For compiling a full table for the LSP parameters, proceed as follows:
· Collect LSP proposals from all companies in the excel file
· 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
· Use the compiled table as the starting point for the fast fading modeling (i.e. put the values in square brackets)
· Further review may be necessary to ensure that the parameter values are compatible with each other
· Set cross-correlations that have absolute values less than 0.5 to zero to simplify the model. 

	Huawei
	The LSP tables should be filled per sub-scenario, and contributions from different companies should be put into parallel columns. That will help us on seeing the difference. In case of a small difference, the values can be merged by using a simple average. In case of a large difference (i.e. more than double values in some contributions), the reason for the difference should be found out before the merge. The merge can be done by a simple average, or by removing less reliable results (if any).

	Compare different sub-scnenario based parameters one-by-one, and decide how to merge.
Set cross-correlations that have absolute values less than 0.5 to zero.
Verify statistical confidence on the high cross-correlation values.

	
	
	



3.3	Further views on the fast fading modeling
Please provide any additional views on the modelling of fast fading that has not already been captured in the previous sections.
	Company
	Views
	Proposals

	Huawei
	Since some measurement data might not be available by the May meeting, further contributions on parameter values should be appreciated either during additional email discussion after the May meeting or during the August RAN1 meeting.
	

	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.
We agree that contributions based on additional measurements results should be encouraged after the May meeting  
	· Consider modeling the impact of sizable fraction of received power over dense multipath components.

	
	
	




Way forward
The following proposals were treated in the email discussion [96b-NR-08e] and will be used as the basis for further offline and online discussions at RAN1#97.

Proposal 1: For compiling a full table for the LSP parameters, proceed as follows:
· Collect LSP proposals from all companies using the excel file in this email discussion as the template
· Merge these proposals into a single table
· In case of conflicting proposals, decide on a case-by-case basis 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
· Use the compiled table as the starting point for the fast fading modeling (i.e. put the values in square brackets)
· Further review may be necessary to ensure that the parameter values are compatible with each other
· Additional contributions to RAN1#97 or in an email discussion after RAN1#97 are encouraged
· Set cross-correlations that have absolute values less than 0.5 to zero to simplify the model.
· Verify statistical confidence on the high cross-correlation values.

Proposal 2: Use a model for the rms delay spread that is dependent on the hall volume
· FFS on whether to use common or separate rms delay spread parameterizations per sub-scenario
· FFS on the need for frequency- and distance-dependence
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