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[bookmark: _Hlk525744147]3GPP RAN1 #97 meeting agreed a LOS probability model framework as following: 
Proposal 7: 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 breakpoint distance 
· 
 is the breakpoint 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
During the follow-up email discussion after RAN1 #97, the following proposals are further agreed [1].
Proposal: As a starting point and for channel model calibration, use the following formula to calculate , where  is the effective clutter density after removing the clutters no higher than UE,  represents the clutter size, {,,} are the heights of clutter, base station and terminal, respectively.

Proposal: Use the following LOS parameters values as a starting point and for channel model calibration:
· For sub-scenario 4 (elevated BS and high clutter density): , 
· For sub-scenarios 1-3: , 
This document further addresses the LOS probability model based on above agreements and the ray-tracing simulation work.
LOS probability comparison between ray-tracing and analytical modeling
The ray-tracing simulation of LOS probability is applied to the IIOT scenario shown in Figure 2‑1, which is also given by 5G-ACIA to trigger this IIOT channel model study-item. The whole indoor 3D space has the volume of 180m(L) x 80m(W) x 25m(H) and is partitioned into four areas: 
· Area1 (storage area) contains
· 3 metallic shelves, each of size 75m(L)x5m(W)x5.3m(H). There are metal objects on the shelves. 
· 2 AGVs, each of size 3.5m(L)x1.2m(W)x2.8m(H).    
· Area2 (production area) contains
· 13 production tables, each of size 32m(L)x2m(W)x1.5m(H). There are metal objects on the tables.
· 32 robots, each of size 3m(L)x2m(W)x3.5m(H) but with different posture. 
· Area3 (commission/office area): 
· 4 metal testing beds, each of size 38m(L)x0.6m(W)x2.2m(H) and with metallic objects on it.
· 3 AGVs, each of size 0.8m(L)x0.6m(W)x1.0m(H). 
· Multiple offices with 5m office ceiling height and internal tables/chairs. The offices have gypsum plasterboard walls in-between but no wall towards commission area.
· Area4 (assembly area) contains 
· 3 transportation belts, with metallic objects on each. 
· 3 assembly panels, with metallic objects on each.  
There are totally 7019 surfaces generated in the simulation. 
Base stations with height selected from {2m, 10m, 15m and 22m} are located in 5 different 2D positions shown in Figure 2‑1(b), and 1600 UEs of height =1.5m are uniformly distributed across the whole non-occupied floor space. For each sub-area, the LOS conditions are collected for the UEs in that sub-area but associating with base stations in all sub-areas. 
The raw LOS probabilities of ray-tracing results and the corresponding empirical fitting curves are given in [3] and copied in Appendix A. The fitting curves, whose parameterized formulation is agreed in RAN1 #97, are copied to Figure 2‑2. The corresponding modelling parameters for the fitting curves are given in 
Table 2‑1 and Table 2‑2. Note that these modelling parameters are not determined by the formulation as agreed in email discussion after RAN1 #97, but by the MSE fitting to ray-tracing.  
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(a) Sub-scenario partition
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(b) Bird-eye 2D view of ray-tracing map
[bookmark: _Ref12221188]Figure 2‑1 IIOT scenario map for ray-tracing simulation
[bookmark: _Ref12231278]
Table 2‑1 Fitting curve parameters for embedded BS
	
	Area1
	Area2
	Area 3
	Area4

	ksubsce
	78
	33
	62
	66

	dsubsce
	1m
	1m
	1m
	1m

	psubsce
	1
	1
	1
	1


[bookmark: _Ref12231279]Table 2‑2 Fitting curve parameters for elevated BS
	
	
	Area1
	Area2
	Area3
	Area4

	ksubsce
	BS @ 10m
	104
	101
	277
	503

	
	BS @ 15m
	94
	148
	314
	530

	
	BS @ 22m
	58
	164
	77
	330

	dsubsce
	1m
	6.25m
	6.96m
	7m

	psubsce
	0.6
	1
	1
	1
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[bookmark: _Ref12230125]Figure 2‑2 Ray-tracing fitting curves for LOS probability
Observations for BS-elevated case
It can be observed from ray-tracing that, for the BS-elevated case, 
· In Areas {1,3,4}, LOS probabilities for BS heights of {10m, 15m} are similar, but are higher than that for BS height of 22m. This is because 
· The storage shelves in Area1 are tall and hollow – the line-of-sight from 22m-BS could be blocked by shelves but the line-of-sight from lower BS can pass through.
· The offices in Area3 and Area4 have the ceiling of 5m high, and the UE’s in the offices may see line-of-sight to lower BS but not to 22m-high BS.  
· In Area2, the higher the BS, the larger the LOS probability. This is because the production tables have the same height as UE height and therefore do not affect the LOS condition for the UE, and all the clutters above the UE height (robots) are not hollow. 
· Except for Area3, the difference among LOS probabilities for BS heights of {10, 15, 22}m is not large. However, if the internal offices in Area3 also have walls towards the commission area, the LOS probabilities for {10,15}m-high BS may also reduce, getting closer to that of 22m-high BS.  
In contrast, the analytical model following  makes LOS probability to increase as BS height (hBS) increases. 
Observation 1: For BS-elevated case, LOS probability fitted from ray tracing depends on BS height, but such dependency may not be monotone and the difference of LOS probability caused by different BS height is generally not large. In contrast, the LOS probability based on the analytical model has monotone dependency upon BS height. 
Observations for BS-embedded case
It is also observed from ray tracing that, for the BS-embedded case, 
· Even though Area1 (with high storage shelves) has lower LOS probability than other areas for BS-elevated case, the Area1 has higher LOS probability than other areas for the BS-embedded case. This is because the BS in Area1 (i.e., Ant1 in Figure 2‑1) is located in the open aisle, causing LOS to most of UEs in this sub-area, and the hollow shelves does not necessarily block LOS path from other 2m-high BSs in other sub-areas. The hollow clutter in this case seems to have the similarly contribution to LOS condition as the clutter lower than both BS and UE in BS-elevated case. 
· The Area2 has the lowest LOS probability. This is due to a large portion of NLOS contribution by 2m-high BS in Area3 (i.e., Ant4 in Figure 2‑1), which is blocked behind the higher testing bed in Area3.       
Observation 2: For BS-embedded case, the LOS probability fitted from ray-tracing in one homogeneous sub-area could be influenced by the clutter deployment in a different sub-area, given the suggested IIOT scenario by 5G-ACIA is heterogeneous. In contrast, the analytical model is derived from homogeneous deployment assumption and therefore is better applicable to homogeneous scenario only. Its applicability to heterogeneous case is not well studied.
Observation 3: In ray-tracing simulation, the sub-area with lower LOS probability for BS-elevated case does not necessarily have lower LOS probability for BS-embedded case. In contrast, for the analytical model, if one set of parameters {r, d2D, dclutter} generates larger BS-embedded LOS probability than another set of {r, d2D, dclutter}, it also yields larger BS-elevated LOS probability than the other set under the same assignments of {hc, hBS, hUT}. 
Direct comparisons of LOS probability curves 
The analytical modeling is tested against the ray-tracing results for Area1 and Area2 of Figure 2‑1, where the model parameters in Table 2‑3 are assumed based on the object placements in ray-tracing simulation.  
[bookmark: _Ref12271107]Table 2‑3 Parameters used to test analytical model
	
	r
	
	 (m)
	 (m)(1)
	hc (m)(2)
	hBS (m)
	hUT (m)

	Area 1
	0.35
	1 (If hBS=2)
0.6 (otherwise)
	1
	15.1
	5.2
	2,10,15,22
	1.5

	Area 2
	0.06
	1
	1 (If hBS=2)
6.25 (otherwise)
	2.45
	3.5
	2,10,15,22
	1.5


Note 1:  is calculated as 1D horizontal width averaged over all horizontal surfaces, i.e., with N clutters

Note 2: hc is calculated as 

where Li, Wi, and Hi are the length, width and height of clutter i, respectively.
The testing comparisons in Figure 2‑3 (for BS-embedded case) and Figure 2‑4 (for BS elevated case) show that the analytical model works better in Area 2, especially for BS-embedded case. However, the analytical model diverges from ray-tracing results in Area 1; it even shows the opposite dependency upon BS height in Area1. 
Observation 4: The analytical model can give the LOS probability well-matching ray-tracing results in some scenarios, but not in all considered scenarios.  
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[bookmark: _Ref12318819]Figure 2‑3 LOS comparison for BS-embedded case
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[bookmark: _Ref12318820]Figure 2‑4 LOS comparison for BS-elevated case
Conclusion
In this contribution, the LOS probability models are further evaluated and analyzed, with the following observations:
Observation 1: For BS-elevated case, LOS probability fitted from ray tracing depends on BS height, but such dependency may not be monotone and the difference of LOS probability caused by different BS height is generally not large. In contrast, the LOS probability based on the analytical model has monotone dependency upon BS height. 
Observation 2: For BS-embedded case, the LOS probability fitted from ray-tracing in one homogeneous sub-area could be influenced by the clutter deployment in a different sub-area, given the suggested IIOT scenario by 5G-ACIA is heterogeneous. In contrast, the analytical model is derived from homogeneous deployment assumption and therefore is better applicable to homogeneous scenario only. Its applicability to heterogeneous case is not well studied.
Observation 3: In ray-tracing simulation, the sub-area with lower LOS probability for BS-elevated case does not necessarily have lower LOS probability for BS-embedded case. In contrast, for the analytical model, if one set of parameters {r, d2D, dclutter} generates larger BS-embedded LOS probability than another set of {r, d2D, dclutter}, it also yields larger BS-elevated LOS probability than the other set under the same assignments of {hc, hBS, hUT}. 
Observation 4: The analytical model can give the LOS probability well-matching ray-tracing results in some scenarios, but not in all considered scenarios.  
In summary, the analytical LOS probability model has its pros and cons. It can mathematically support any clutter density, which corresponds to a wide range of IIOT deployments and makes it a more convenient modelling component in the stochastic-based family of channel modelling. On the other hand, its accuracy heavily depends on the homogeneity and object regularity in the IIOT deployment --- in fact, for a moderate heterogeneous deployment as suggested by 5G-ACIA in triggering this IIOT channel model SI, the analytical LOS probability model is shown to be too theoretical to reflect certain sufficient reality details, for which the map-based hybrid model as in TR 38.901 can be alternatively considered.  
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Appendix A. Ray tracing simulation results (from [3])
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(a) hBS=2m                             (b) hBS=10m
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(c) hBS=15m                             (d) hBS=22m


Appendix B. More internal views of ray-tracing map
Area1
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Area2
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Area3
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Area4
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