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1	Introduction
This document is intended to capture input from companies on the following email discussion:
[FS_IIIOT_CM-07] LOS probability
· Collect company input on LOS probability – 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]. The following agreed proposal from [1] is of relevance here:

Proposal 1: Path loss, shadow fading, and LOS/NLOS modelling
Option 1: 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

In this new email discussion, companies are invited to provide further views on the modeling of the LOS probability in indoor industrial scenarios.
3	Email discussion topics

3.1	LOS probability function
	Company
	Observations
	Proposals

	Ericsson
	Ray-tracing experiments show that the LOS probability is strongly dependent on the clutter density in the industrial scenario, and also depends on the Tx and Rx antenna heights with respect to the clutter height. 
	· If possible, try to fit a LOS probability function vs distance, Tx and Rx antenna height, and clutter density using ray-tracing data for relevant scenarios. 
· If the fitting seems too complex, try to derive LOS probability functions for one or two sub-scenarios differing in their clutter density and antenna heights. 

	Nokia
	
	LOS probability should depend on clutter density and clutter heights. This is demonstrated in R1-1903122.
Almost LOS (ALOS) case, where the direct path is slightly blocked and path loss is close to free space propagation loss, should be considered as LOS. 

	ZTE
	LOS probability decreases with the increase of Tx-Rx 2D distance. 
LOS probabilities are different in sub-areas with different clutter densities.
LOS probability is dependent on BS height.
	A fitted LOS probability function related to clutter density and Tx-Rx distance is proposed based on the interpolation of high and low density LOS probability functions.

	NTT DOCOMO
	
	Derive LOS probability model based on several structure models simulating actual factory environments.

	Huawei
	The LOS should be defined as an optical line-of-sight between Tx and Rx. This is important to avoid frequency dependent LOS probability. The LOS probability function should be based on ray tracing simulation with a very high number of randomly located Tx-Rx pairs.
	




3.2	(Sub)-scenario dependence
	Company
	Observations
	Proposals

	Ericsson
	The LOS probability is possibly the channel model characteristic that varies most with different assumptions on clutter density and antenna heights. For ease of implementation it would be preferable if a common LOS probability function is derived that applies to all (sub)-scenarios, however this function then needs to be dependent on many parameters like the clutter density and the antenna heights. A less complex solution would be to derive separate LOS probability functions for the different sub-scenarios. 
	· If possible, try to fit a LOS probability function vs distance, Tx and Rx antenna height, and clutter density using ray-tracing data for relevant scenarios. 
· If the fitting seems too complex, try to derive LOS probability functions for one or two sub-scenarios differing in their clutter density and antenna heights. 

	ZTE
	LOS probability with medium clutter density can be derived by the weighted interpolation of two probability curves of high density and low density, where the weights used in LOS probability interpolation are dependent on the Tx-Rx 2D distance.

	LOS probability with medium clutter density shall be derived by the weighted interpolation of two probability curves of high density and low density.

	Huawei
	The LOS probability should be different for each sub-scenario.
	




3.3	Correlation of LOS probability for different links
	Company
	Observations
	Proposals

	Ericsson
	The LOS state may have a significant impact on the channel conditions. Typically, LOS links are less challenging than NLOS links from a communication and URLLC perspective. The baseline model in 38.901 does not consider any correlation of the LOS probability for different links, however it is possible that such correlation may be more important in an industrial scenario. Therefore, we believe it may be worthwhile to study the correlation of the LOS probability. 
	· Use ray-tracing experiments to determine the cross-correlation of the LOS state between links from a single UE to multiple BS. 
· If the average cross-correlation is significant, consider whether the baseline model in 38.901 can be extended to take such a cross-correlation into account for the industrial scenario
· Use ray-tracing experiments to determine the autocorrelation distance of the LOS state (compare Table 7.6.3.1-2 in 38.901)

	ZTE
	In TR 38.901, the correlation upon LOS probability is not a modeling component in LOS probability, but a modeling component in spatial consistency. 
	Correlation of LOS probability, regardless whether it is distance based autocorrelation or link cross-correlation, should be considered within spatial consistency feature. 

	
	
	




3.4	Spatial consistent transitions between LOS and NLOS state
	Company
	Observations
	Proposals

	Ericsson
	The spatial consistency framework in 38.901 includes the possibility for modeling smooth transitions between LOS and NLOS using the “soft LOS” methodology as described in clause 7.6.3.3 in TR 38.901. The speed of such transitions is determined from the wavelength and from correlation distance parameters as defined in Table 7.6.3.1-2. For the indoor industrial scenario, these correlation distance parameters should also be studied and parameterized.
	· Use “soft LOS” for modelling smooth transitions between the LOS and NLOS state
· Use ray-tracing experiments to determine the autocorrelation distance of the LOS state (compare Table 7.6.3.1-2 in 38.901)


	Qualcomm
	Spatial consistency also is particularly important from the precise-positioning aspects, which is one of the key requirements in many industrial use-cases, e.g., in motion planning of robotic arms/AGVs, locating assets in warehouses, etc. As discussed in detail in R1-1903023, some of the spatial-consistency procedures described in TR 38.901, e.g., Procedure A in Section 7.6.3.2, would require refinements to enable precise positioning.
	Consider refinements to the spatially-consistent mobility modeling procedures in TR 38.901, e.g., Procedure A in section 7.6.3.2, to enable more accurate channel modeling for positioning.

	
	
	




3.5	Other aspects of LOS probability
	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: At least the dependency on Tx-Rx 2D distance and clutter density should be considered for the modeling LoS probability. 
· Derive LOS probability curves for each sub-scenario
· Companies are encouraged to provide results on the LOS probability

Proposal 2: Modelling on the spatial consistency of LoS probability should be supported with followings:
· Reuse the “soft LoS” in TR38.901 to model the LoS/NLoS transition
· Companies are encouraged to provide the value of auto-correlation distance of LoS state
· Independent distribution of LoS probability cross links is assumed as baseline 
· Cross-correlation of the LoS probability among links can be considered if simulation/measurements data are available

Proposal 3: LOS state is defined by the visual/optical line of sight between Tx and Rx
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