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1	Introduction
This document is intended to capture input from companies in the following email discussion:
[96b-NR-08c] Path loss
· 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 path loss modeling are copied below. In this email discussion, companies are invited to provide further views on the path loss models.

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:
· LOS state is stochastically determined using a LOS probability function dependent on distance, [tx and rx height, clutter height, clutter density, subarea, time, …]. 
· Separate path loss and shadow fading models are used for LOS and NLOS
· The correlation of LOS probability for different links TBD
· Spatial consistent transitions between LOS and NLOS states to be further studied

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:
Develop new path loss models for the industrial scenario by collecting reported and new path loss measurements
· Companies are encouraged to provide path loss curves and the distance ranges for which these have been derived
· The data should be categorized according to the (sub-)scenario, e.g. LOS or NLOS, clutter density, antenna heights
· Derive path loss models by averaging over similar (sub-)scenarios
· Note: It is suggested to plot the path loss or excess loss curves vs distance from different sources in the same diagram to find overall trends

Agreements:
If O2I modelling is needed, use the high penetration loss model from TR 38.901 as a starting point
· Revisit this if measurements become available


3	Email discussion topics

3.1	Collection of path loss parameterizations
According to one of the agreements from RAN1#96bis, “Companies are encouraged to provide path loss curves and the distance ranges for which these have been derived. The data should be categorized according to the (sub-)scenario, e.g. LOS or NLOS, clutter density, antenna heights”. The attached excel file has been prepared to facilitate the collection of such results. It is based on summary of measurements and simulations in R1-1905715, but with columns added similar to the ones in the path loss summary table (table 4) in R1-1904708. Companies are encouraged to help fill in the table in the excel file and add additional data on path loss models and measurements. This data can then be used to derive the final path loss models. 

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

	Company
	Views
	Proposals

	Ericsson
	Considering observations so far, it seems like many measurements show similar path loss characteristics in LOS, see e.g. R1-1813129. Therefore, it seems reasonable to use a common LOS path loss model for all four sub-scenarios. Possibly, this could also be the case for NLOS, however some more detailed analysis of the path loss in each sub-scenario might be required. 
At this point we do not expect the hall size to be a major factor in the path loss model, so as a starting point results from measurements in different size halls could be pooled. However, if the path loss behavior is very different for very small or very large halls then it may be best to restrict the hall size range in the scenario description so as to exclude such results. 
An ABG-type path loss model with three parameters (intercept A, distance-slope B, and frequency slope G) is a good starting point. These parameters can be estimated using regression analysis using the reported path loss data from different sources. If (d,PL) data points are not directly available such points can be synthetically generated using the reported distance ranges and path loss models. Here one should be careful when aggregating data points from multiple sources, since the measurements can contain varying number of points and quality of measurements. Consider if it is possible to apply some weighting to take such factors into account, so that results from a few high-quality measurements are not drowned in the “noise” from many low-quality measurements. 
	· Use a common path loss model for LOS in all sub-scenarios
· As a starting point, derive separate NLOS path loss models for the different scenarios, with the option to merge if the results are similar
· Derive path loss models by fitting an ABG model to the data
· Note: consider the scientific quality of the measurements by giving more weight to comprehensive and well-executed measurement campaigns


	ZTE
	When merging data from different sources, both quantity and quality of the data are important to conclude reasonable result. Therefore, in order to avoid the sources with large amount of data prevails those with small amount of data, it is proposed to use the models and parameters by different sources to generate equal amount of data for aggregating, where shadowing fading shall be considered as well.
	1. It is proposed to use the models and parameters by different sources to generate equal amount of data for aggregating, where shadowing fading shall be considered as well.
2. A common path loss model in LOS state is proposed.
3. The ABG model is proposed for the UT in NLOS state in different sub-scenarios.
4. Besides frequency slope G, the frequency-dependency of A or B shall be investigated as well.

	Huawei
	The variation between path loss models is huge, and direct average would lead to very high standard deviation. Companies should share the results per sub-scenario: BS height above/below clutter, high/low density clutter. The merge could be done via different methods:
· Option 1: Collect raw data (distance, power, f, antenna height, sub-scenario) from companies. Companies are encouraged to share the data– The problem in this option is the limited amount data before May.
· Option 2: Calculate average from different models
· Option 2a: generate random variables and calculate the final standard deviation.
· Option 2b: use mathematical method (the result should be the same as in 2a).
· Option 2c: average standard deviation.
· Option 3: Combine raw data from Option 1 and generate random variables from different path loss models that we don’t have raw data available, and fit the path loss and std.
	Companies should share the raw data via the channel model reflector. Also the channel model proposals (equations with parameter values) should be sent via the channel model reflector.
Follow the principles discussed and proposed in R1-1905735.

	NTT DOCOMO
	It seems reasonable to derive path loss models for each sub-scenario by applying multi-dimensional regression to raw-data or random variables generated by the existing path loss models. It seems that room size does not affect the path loss model, therefore, same path loss model can be utilized for different room size environment.
	Follow the principles discussed and proposed in R1-1905735 and derive ABG or CI model for each sub-scenario.

	Nokia
	As stated in our contributions R1-1810659, R1-1813177, R1-1904824, we believe that a single LOS model should be considered for all 4 sub-scenarios and separate NLOS models should be considered for each of the 4 sub-scenarios (and merged in case the results are very similar). 
Quantity and quality of the available path loss data should be considered when blending the data to fit a model. If raw measurement data samples are not available (i.e. from literature studies), path loss results could be reconstructed by generating clouds of points with similar characteristics to those in the study by considering the exact number of samples over the full measurement distance range (if available) or an approximate number of samples estimated visually from some of the plots. Measurements performed over large measurement distance ranges (i.e. spanning over more than 2 distance decades, 1-100 m should be more valid than others spanning over shorter distance ranges) as they ensure a more reliable path loss exponent estimation.  
Our views on expected path loss exponent and shadow fading standard deviation trends are similarly gathered in R1-1810659 and R1-1904824.
Given the scarce amount of data available to perform the fittings for the different sub-scenarios, we foresee that the CI model will provide more stability to the model, allowing a clearer distinction between clutter types and antenna configurations than the one achievable with the ABG model. In case the modeling become tedious due to the different nature of the data for different frequency bands, we recommend considering the modeling approach with simple free-space frequency scaling proposed in contributions R1-1810659, R1-1813177, R1-1904824 with appropriate parametrization.
	· Use a common path loss model for LOS in all sub-scenarios
· As a starting point, derive separate NLOS path loss models for the different scenarios, with the option to merge if the results are similar
· Derive path loss models by fitting an ABG model to the data
· Note: consider the scientific quality of the measurements by giving more weight to comprehensive and well-executed measurement campaigns, specifically accounting for distance ranges and number of samples.
· In case ABG model does not provide the adequate level of consistency across expected trends in the different sub-scenarios, CI model should be considered.




3.3	Further views on the path loss model
Please provide any additional views on the scenario description that has not already been captured in the previous sections.
	Company
	Views
	Proposals

	
	
	

	
	
	

	
	
	




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

Proposal 1: Merge path loss models per sub-scenario
· Perform multi-dimensional regression as a starting point
· FFS on weighting of results from different sources
· For the merging:
· Collect raw data (distance, power, f, antenna height, sub-scenario) from companies. Companies are encouraged to share the raw data via the channel model reflector
· Generate random variables from different path loss models where the raw data is not available, taking care to use similar number of samples as used to fit the reported model. Companies are encouraged to share model parameters using the attached excel file
· Fit the path loss and shadow fading using the combined raw data and generated random data

Proposal 2: Derive a common LOS path loss model for all industrial sub-scenarios

Proposal 3: Use the ABG or CI path loss model
· Frequency-dependence on the A and B parameters in the ABG model is FFS
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