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1. Introduction
In RAN1#73 meeting, height dependent LOS probability and pathloss modeling are discussed, and the following agreement was made:

Agreement:

· For LOS probability calculation and environment height calculation, 2D distance is used.

· LOS probability for 3D UMi:
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· LOS probability for 3D UMa is a function of d and hUT. 

· Details FFS.

· 3D UMi

· Environment height is 1m, independently of hUT.

· 3D UMa 

· A LOS UE’s environment height is 1m with probability p(d, hUT)

· Otherwise the environment height is hE(hUT).

· Details of p(d, hUT) and hE(hUT) FFS, e.g. if hE(hUT)  is a deterministic or stocastic function

· 3D UMa

· Height gain α = [0.6][0.9].

· 3D UMi

· Alt 1:


[image: image2]
·  FFS height gain α 

· Alt2:

· Decrement of PL is a non-linear function of height and/or distance

· Alt3 :

· Proposal  as in R1-132100
· FFS, to be decided in the next meeting, companies are encouraged to bring additional measurement or simulation results

In this contribution, undetermined parameters for height dependent LOS probability and pathloss model are discussed. Also, according to candidate models to design them, the results of geometry and coupling loss for respective models are plotted and analyzed. In Annex A, evaluation assumptions that we applied are given.
2. Evaluation results based on various modeling for 3D-channel
2.1. UMa LOS pathloss model with breakpoint distance
For UMi LOS pathloss function, the environment height to calculate the breakpoint distance (BP) was agreed to be 1m, independently of the height of UE in RAN1#73 meeting. In this section, undecided environment height of UMa LOS pathloss model will be discussed. During the email discussion [72bis-19] and RAN1#73 meeting, environment height to meet Fresnel zone is intensively discussed, where two main kinds of models are proposed. The first model is that the environment height hE(hUT) is moderately increasing as UE height, and the second one is that 2-type LOS function – 1m below 4th floor, and hE(hUT) above 4th floor. Considering that the virtual building height in 3D-channel model is distributed from 4th floor to 8th floor, the second one can be regarded to be more appropriate.
In this section, we consider the following four candidates of such 2-type LOS function.

· BP model 1: 
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· BP model 2: 
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· BP model 3: 
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· BP model 4:  Fixed BP distance (@ hUT = 1.5m with hE = 1m)
Here, 
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 are defined as the ITU LOS probability and height-dependent 3D LOS probability, respectively. BP models 1, 2, and 3 assume that the environment height is 1m for 
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, since the minimum height of buildings is 12m. Also, when 
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 implies that the rays are still reflected on 1m environment height with probability 
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 although UEs are located higher than the 1st floor. 

The differences in models 1, 2, and 3 are the detailed formulas in the case when 
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 is assumed to be uniformly distributed from 12m to the maximum building height lower than the UE height in BP model 1 [1][2], 
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 is an averaged value for possible environment heights in BP model 2, and 
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 is randomly picked up among the possible discrete building heights in BP model 3 in which UD(.) means uniform selection among discrete candidates.
For the analysis of models, geometry and coupling loss results are plotted in Figures 1 and 2. In these figures, height dependent LOS probability model in [1] is used, since the considered BP models are related to LOS probability. In Figure 1, only results for the links from serving cell to UEs as being LOS are gathered to draw the curves, which is referred to as “100% LOS” in the figure. In addition, BP model 4 was added for comparison, which is using the fixed BP distance (@ hUT = 1.5m with hE = 1m) for all height-different UEs at a certain location. 
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Figure 1.  Coupling loss and geometry results only for the links from serving cell to UEs as being LOS.
In Figure 1, while the coupling loss results almost do not show any differences among the four curves, the geometry result of BP model 4 is a slightly better than the other curves. In the coupling loss, since distances from serving cells to UEs are stochastically shorter than BPs of all models, all the curves may be shown to be similar. The reason of the differences in the geometry result may be smaller interference of BP model 4 than the other BP models, since the BP distance of BP model 4 is probabilistically shorter than others. However, the other curves are seen to be very similar in the presented results.
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Figure 2.  Coupling loss and geometry results with LOS probability in [Ericsson]
In Figure 2, all the curves are almost shown to be the same in both coupling loss and geometry results. This may be due to the fact that the larger number of NLOS interference links than the 100% LOS case reduce the effect of different BP models. 
From Figures 1 and 2, it is observed that coupling loss and geometry results of BP models 1, 2, and 3 are very similar. Thus, we propose the BP model 2 is adopted for UMa LOS pathloss function since it is the simplest.
Observation 1: Coupling loss and geometry results of BP models 1, 2, and 3 are very similar in both 100% LOS case and height-dependent LOS probability case.
Proposal 1: BP model 2 is adopted for UMa LOS pathloss function.
2.2. UMa/UMi NLOS PL
In RAN1#73 meeting, three alternative ways for UMi NLOS pathloss function to represent height dependency are proposed as described in Section 1. Figure 3 shows coupling loss and geometry results based on the three alternatives. In this figure, for the linear model of Alt 1, various alpha values (0.0, 0.6, 0.9) in height gain term are used, and for Alt 3 in [2], 0.6 and 0.9 alpha is adopted for the simulation. We use the fixed alpha value 1.5 for Alt 2 as proposed in [3].
It is observed in Figure 3 that coupling loss is better at higher alpha values, whereas geometry is worse at higher alpha values. It can be explained that the trend of geometry results is shown as following reasons. In general, the desired link is more likely to be LOS, whereas the interference link is more likely to be NLOS. When the desired link is LOS and the interference link is NLOS, the interference power is stronger due to the larger height gain term. When the desired link is LOS and the interference link is also LOS, the interference power is not affected by the height gain term. For the case of coupling loss, the performance gap can be explained by that NLOS desired links has higher height gains at higher alpha values, although its probability is small. 
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Figure 3.  Coupling loss and geometry results as various NLOS pathloss model

In Figure 3, it is interesting to check that coupling loss and geometry of Alt 1 with 0.0 alpha, Alt 2 and Alt 3 are almost the same. For further investigation, we show pathloss of three alternatives in Figure 4. In this figure, note that ‘ITU’ model is the same as linear model with 0.0 alpha. It is observed from the figure 4 that ITU model, Alt 2, and Alt 3 have almost the same pathloss on the 3rd floor and 4th floor, and that Alt 3 pathloss is very similar to ITU model even on the 5th floor and 7th floor, while the Alt3 curve is closer to linear model with 0.6 alpha than ITU model at higher floors.
From Figures 3 and 4, however, it is observed that the linear model can also well represent Alt 2 and Alt3. Thus, we propose the linear model is used for UMi NLOS pathloss, which is the simplest method out of alternatives. In addition, it may be reasonable that 0.0 alpha is adopted for the linear height gain term, since the base station in UMi is surrounded by buildings, and height gain of NLOS pathloss function will be considered as not obvious, with also considering the linear model with 0.0 alpha is roughly fitted to Alt 2 and Alt 3.
Proposal 2: The linear model of Alt 1 with 0.0 alpha is used for UMi NLOS pathloss.
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Figure 4.  UMi NLOS pathloss as various pathloss models
Regarding UMa NLOS pathloss, the alpha value is determined as one out of two values 0.6 and 0.9 in RAN1#73 meeting. In Figure 5, coupling loss and geometry of UMa with the two alpha values are depicted, where we used the BP model 2 for LOS pathloss model and LOS probability model in [1]. In this figure, coupling loss is better at higher alpha values, since pathloss of NLOS links from serving cell is smaller with higher height gain term.
[image: image28.emf]0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

-150  -130  -110  -90  -70  -50 

CDF 

Coupling Loss [dB]

Urban Macro

0.6alpha

0.9alpha

[image: image29.emf]0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

-10  -5  0  5  10  15  20  25 

CDF 

Geometry [dB]

Urban Macro

0.6alpha

0.9alpha


Figure 5. Coupling loss and geometry results with different alpha values in NLOS pathloss model
2.3. UMa LOS/NLOS probability
In this section, we evaluated coupling loss and geometry performances for different UMa LOS/NLOS probability to observe potential impacts from height-dependent LOS probability models. For evaluations, we compared the ITU model and the model suggested in [1] with applying the BP model 2. In Figure 6, it is observed that these simulated results are not sensitive according to different LOS probability models. However, it may be beneficial to investigate more realistic model, since LOS probability is also related to BP models in LOS pathloss.
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Figure 6.  Coupling loss and Geometry results of LOS/NLOS probability for UMa channel.
3. Conclusion
In this contribution, we evaluated and discussed height dependent pathloss model and LOS probability. The following observation and proposals were given based on the discussion and simulation results:
 Observation 1: Coupling loss and geometry results of BP models 1, 2, and 3 are very similar in both 100% LOS case and height-dependent LOS probability case.
Proposal 1: BP model 2 is adopted for UMa LOS pathloss function.
Proposal 2: The linear model of Alt 1 with 0.0 alpha is used for UMi NLOS pathloss.
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Annex A: Simulation assumptions
Table 1: Simulation assumptions
	
	
	Urban Micro cell 
with high UE density
	Urban Macro cell 
with high UE density

	Layout
	
	Hexagonal grid, 19 micro sites, 3 sectors per site
	Hexagonal grid, 19 macro sites, 3 sectors per site

	Antenna model
	Antenna element pattern (horizontal)
	Agreement in RAN1#72bis
	Agreement in RAN1#72bis

	
	Antenna element pattern (vertical)
	Agreement in RAN1#72bis
	Agreement in RAN1#72bis

	
	# of vertical antenna element
	10
	10

	
	Vertical antenna spacing
	0.5
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	0.5
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	Complex weight for vertical antenna element
	Agreement in RAN1#72bis with 
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	Agreement in RAN1#72bis with 
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	UE mobility

(movement

In horizontal plane)
	
	3kmph
	3kmph

	BS antenna height
	
	10m 
	25m 

	Min. UE-eNB 2D distance
	
	10m 
	35m

	UE height model
	general equation
	hUE=3(nfl – 1) + 1.5m
	hUE=3(nfl – 1) + 1.5m

	
	nfl for outdoor UEs
	1
	1

	
	nfl for indoor UEs
	WA in RAN1#72bis
	WA in RAN1#72bis 

	Indoor UE fraction
	
	80%
	80%

	UE distribution (in x-y plane)
	Outdoor UEs
	uniform in cell 
	uniform in cell 

	
	Indoor UEs
	uniform in cell
	uniform in cell 

	
	# of Users per sector
	10
	10

	ISD
	
	200m
	500m
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