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

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:
[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:
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:
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

Agreements:
Modelling on the spatial consistency of LOS probability should be supported with followings:
· As a starting point, 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
· The LOS states for different BS-UT links for the same UT are assumed to be independent as baseline 
· Cross-correlation of the LOS probability among such links can be considered if simulation/measurements data are available
Agreements:
LOS state is defined by the visual/optical line of sight between Tx and Rx

Agreements:
Clutter density can be defined as the percentage of area occupied by clutters inside factory. Threshold between high density and low density is FFS.
· Note: Whether the clutter is solid or hollow may also affect the effective clutter density
· Considerations on clutter height is FFS
· Companies are encouraged to quantify the clutter density in their studies

3	Email discussion topics

3.1	LOS probability functions


	Company
	Views
	Proposals

	Ericsson
	In R1-1903122 we have provided LOS probability results for an elevated BS antenna with different clutter densities, se also figure below. The density definition is the amount of surface area occupied by clutter, i.e. the same definition as agreed in RAN1#96bis. These curves readily lead themselves to fitting by an exponential function of the form p_los(d,r) = exp(-d*r/12), where r is the clutter density (10% = 0.1, 20% = 0.2 etc). The solid black lines in the figure below comes from this function, which can be seen to be a very good fit to the experimental data.
[image: ]
For clutter-embedded antennas, the LOS probability can be derived analytically as p_los = (1-r)^n, where n is the number of independent realizations of “clutter” or “no clutter” along the propagation path. If the typical clutter width is d_clutter, then n = d/d_clutter. Hence, the LOS probability is p_los = (1-r)^(d/d_clutter). An example of the resulting LOS probability is given in the figure below. Thick lines are for d_clutter = 2 m and thin lines are for d_clutter = 3 m. 
[image: ]
	· Use the following LOS probability functions: 
· p_los(d,r) = exp(-d*r/12) for sub-scenarios with elevated BS antenna
· p_los = (1-r)^(d/d_clutter) for sub-scenarios with clutter-embedded BS antenna
· where r is the clutter density and d_clutter is the typical clutter size/width
· Note: The clutter densities for “low” and “high” may be further specified in the scenario description




	ZTE
	In R1-1904804 and R1-1907126, the following LOS probability model in IIOT scenario is proposed:

                                  
Where 
· 
is the 2D distance between transmitter and receiver;
· 
 is the breakout distance shown in Table 3-1;
· 
 is the breakout LOS probability shown in Table below;
· 
 is the exponential coefficient for corresponding sub scenario shown in Table below. 
Table  Configurations for LOS probability in IIOT sub-scenarios
	SubSce
	BS elevated – High clutter density
	BS elevated – Low clutter density
	BS elevated – Medium clutter density

	ksubsce
	85
	454
	180

	dsubsce
	1m
	7m
	6.6m

	psubsce
	0.6
	1
	1



	SubSce
	BS embedded – High clutter density
	BS embedded – Low clutter density
	BS embedded –Medium clutter density

	ksubsce
	33
	78
	64

	dsubsce
	1m
	1m
	1m

	psubsce
	1
	1
	1



The fitting results in different sub-scenarios with different BS height are shown below:
[image: ]
BS = 2m (BS embedded)

Fitting Result for BS embedded
	
	BS embedded
High density
	BS embedded
Low density
	BS embedded
Medium density

	ka
	33
	78
	64 

	da
	1m
	1m
	1m

	pa
	1
	1
	1



[image: ]
BS = 10m (BS elevated)
[image: ]
BS = 15m (BS elevated)

[image: ]
BS = 22m (BS elevated)

Fitting Result For BS elevated
	
	
	BS elevated
High density
	BS elevated
Low density
	BS elevated
Medium density

	ka
	BS @ 10m
	104
	503
	101
	277

	
	BS @ 15m
	94
	530
	148
	314

	
	BS @ 22m
	58
	330
	164
	77

	
	average
	85
	454
	180

	da
	Per area
	1m
	7m
	6.25m
	6.96m

	
	Per density
	1m
	7m
	6.6m

	pa
	0.6
	1
	1



In R1-1902117, a LOS probability model with variable clutter density by interpolation based on basic low and high clutter result is proposed:


                  (3-1)
Where 
· 
 are given by:


                                               

                                           

· 
 is the relative clutter density;
· 
, kc is the parameter for weight adjustment.
· 
 is the breakout distance for the given c;
· 
 is the breakout LOS probability for the given c;
· 
cb is the breakout value for c, and a recommended value cb=0.8 is suggested for initial evaluation.
The configuration in Table 3-1 can be utilized as a baseline for IIOT evaluation, with other configurations not precluded. 
Table  Configurations for LOS probability in sub-areas of IIOT scenario
	Sub-Area clutter density
	Low 
	High
	Medium 1
	Medium 2

	c
	0
	1
	0.1
	0.005

	kc
	-
	-
	14
	5



Regarding clutter-variable LOS probability model:
Observation 1: LOS probability with medium clutter density can be generated by the weighted interpolation of two probability curves of high density and low density.
Observation 2: The weights used in LOS probability interpolation are dependent on the Tx-Rx 2D distance as well.


	1. Use the following LOS probability model:

                                  
Where 
· 
is the 2D distance between transmitter and receiver;
· 
 is the breakout distance shown in Table 3-1;
· 
 is the breakout LOS probability shown in Table below;
· 
 is the exponential coefficient for corresponding sub scenario shown in Table below. 
Table  Configurations for LOS probability in IIOT sub-scenarios
	SubSce
	BS elevated – High clutter density
	BS elevated – Low clutter density
	BS embedded – High clutter density
	BS embedded – Low clutter density

	ksubsce
	85
	454
	33
	78

	dsubsce
	1m
	7m
	1m
	1m

	psubsce
	0.6
	1
	1
	1




2. For simplicity, a fixed LOS probability model with fixed configuration shall be provided for each sub-scenario with pre-determined clutter density, otherwise a flexible configuration, e.g. upon any clutter density, shall be considered in other models as well, e.g. Path loss, shadow fading, K-factor, fast fading model, etc.

	Nokia
	We believe that both Ericsson’s and ZTE’s analytical and simulation works are valid to model the LOS probability in industrial scenarios. We suggest blending all results and fit a simple exponential decay model per sub-scenario with as few input parameters as possible (i.e. clutter density and typical average clutter/machinery size or inter-machinery distance), similar to what was stated in R1-1810659. 
	· Fit a simple exponential decay model to the available analytical and simulated distributions, considering variable clutter density and typical average clutter size per dub-scenario.



	
	
	



3.2	Spatial consistency
Companies are encouraged to provide views on spatial consistency of LOS, cross-correlations of LOS states, etc 

	Company
	Views
	Proposals

	Ericsson
	For the spatial consistency of the LOS state it was agreed to use the “soft LOS” (clause 7.6.3.3 in 38.901) as the starting point. For soft LOS, the correlation distance of the LOS state should be specified, compare Table 7.6.3.1-2 in 38.901. This correlation distance will depend on the layout and on the typical sizes of the objects representing the clutter. Hence, we may define a parameter for the average size of the clutter and use the value of this parameter also for the correlation distance. For consistency with the LOS probability, we can use the same parameter d_clutter as proposed there, see our response in section 3.1.
Cross-correlations of the LOS state between links from one UT to different BS can be important for positioning evaluations. For instance, if the cross-correlation is low (zero) then it is likely that at least some base stations are in LOS which can result in better position estimates. However, if the cross-correlation is high some UTs may be in NLOS from all base stations resulting in worse position estimates. Quantifying the cross-correlation may be difficult, but from reasoning we can understand that links to base stations in the same direction should be more likely to be correlated than links to base stations in different directions. One can therefore consider a correlation model that depends on the angular difference of the two base stations as seen from the UT. Similar observations on the cross-correlation of the shadow fading was made in [Mawira1992], which could serve as an inspiration for such a model. 
[Mawira1992] A. Mawira, "Models for the spatial correlation functions of the (log)-normal component of the variability of VHF/UHF field strength in urban environment," [1992 Proceedings] The Third IEEE International Symposium on Personal, Indoor and Mobile Radio Communications, Boston, MA, USA, 1992, pp. 436-440.

	· For the autocorrelation distance of the LOS state, use d_clutter, where d_clutter is the typical clutter size/width (note: same parameter as proposed for the LOS probability function)
· Consider modeling the cross-correlation of the LOS states for different BS-UT links as being a function of the angular separation of two BS as seen from the UT

	ZTE
	In R1-1904117, the correlation distance is provided according to simulation:
Proposal : The correlation distance of LOS probability is given by
· For BS above the clutter: 20m;
· For BS embedded in clutter: 18m.

	Proposal : The correlation distance of LOS probability is given by
· For BS above the clutter: 20m;
· For BS embedded in clutter: 18m

	Nokia
	LOS correlation distance should be proportional to the typical average clutter/machinery size present in each of the sub-scenarios. We support the above views by Ericsson for both LOS correlation distance and cross-correlation of the LOS state.  
	



3.3	Further views on the LOS probability
Please provide any additional views on the LOS probability that has not already been captured in the previous sections.
	Company
	Views
	Proposals

	ZTE
	Regarding “soft LOS”, it is applicable to derive such parameters as path loss, however, due to the different cluster number configured in LOS and NLOS state in Table7.5.6 in TR38.901, how to determine the cluster number and how to conduct interpolation for each cluster for UT in “soft LOS” state as following is not specified:


	Study the approach to generate channel coefficients of each cluster for the UT in “soft LOS” state.

	
	
	

	
	
	




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

Proposal 1: Use a common LOS probability function for all sub-scenarios, with sub-scenario specific parameters:
· 
                                  
· Where 
· 
is the 2D distance between transmitter and receiver;
· 
 is the breakout distance 
· 
 is the breakout LOS probability 
· 
 is the exponential coefficient for corresponding sub scenario 
· The parameter values for the different sub-scenarios is FFS, including:
· how to merge results from different sources 
· whether the parameter values should be obtained from empirical curve-fitting or analytical considerations
· whether the parameters should be dependent on the clutter density and size
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