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1. Introduction

One of the controversies in the 3D pathloss modeling debate in RAN1 is how to model the breakpoint distance for UEs far above the ground.
In a ground reflection propagation model, the breakpoint distance dBP separates two regimes in the Fresnel zone: 
· UEs located within (2D) distance d < dBP from BS experience a pathloss exponent of 2, due to significant interference between the direct path rays and the ground-reflected rays.
· UEs located within (2D) distance d > dBP from BS experience a pathloss exponent of 4, as the pathloss “smoothes”.
A commonly accepted formula for the breakpoint distance can be found in TR. 36.814 [1]: 
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where fc is the centre frequency in Hz, c = 3.0(108 m/s is the propagation velocity in free space, and h’BS and h’UT are the effective antenna heights at the BS and the UT, respectively. 
A key issue is how to model these effective antenna heights h’BS and h’UT . 
The effective heights are computed relative to the vertical position (height) of “ground-like” reflector objects, also known as the clutter height. 

In the legacy 2D pathloss model as well as in the current (up to RAN#74) 3D pathloss model, the clutter height is set to 1m. Therefore, the effective heights are computed as follows:  
h’BS = hBS – 1.0 m
h’UT = hUT – 1.0 m
where hBS and hUT  are the actual antenna heights, and the effective environment height in urban environments is assumed to be equal to 1.0 m.

Following RAN#73b (Chicago), an email discussion [2] on the breakpoint distance modeling in 3D MIMO LoS pathloss was carried out. Though there was no consensus, our perception is that companies seem to have agreed on the basic idea that the breakpoint distance should be modeled as function of a UE’s height.
In this contribution, we propose a simple model to capture the breakpoint distance dependence on UE height, through the introduction of a threshold height that we call the Breakpoint Height.    
2. Rationale
2.1. Ground Reflection
Figure 1 illustrates a typical ground reflection model, where 2 paths are considered for simplicity: 
· A direct path
· A ground-reflected path
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Figure 1-Geometry of the two-ray ground reflection model
Under this model the receive power at the UE is modeled as: 
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where Γ is the ground reflection coefficient.
It can be shown that the above formula has the following approximations depending on the distance d:
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Here, 
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 is the breakpoint (BP) distance. In particular, it can be noted that:
· At distances shorter than the breakpoint distance, the pathloss exponent is 2
· At distances larger than the breakpoint distance, the pathloss exponent is 4
2.2. Modeling the Breakpoint Distance UE height Dependency: The Breakpoint Height
In the afore-described ground reflection model, the “ground” need not necessarily be the Earth’s ground (say a street), but could be any object that bounces the rays to the UE in a mirror-like fashion. In what follows, we shall refer to such ground-like reflectors as the (urban) clutter.
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Figure 2-Geometry of the ground reflection model where the reflector is an urban clutter, rather than flat ground.
In current working assumptions, clutter height is set to 1m.
As the UE goes high in elevation, however, rays reflected from 1-meter-high clutter arrive weaker at the UE, while the LoS rays directly arriving from the BS become stronger (with the UE becoming closer to the BS). Then other objects above the height of ground UEs may become urban clutters for sufficiently elevated UEs. 
Sufficiently is keyword here. How sufficient is sufficiently elevated? In other words, starting from which height do we need to consider a clutter height larger than 1m?
Before going any further, we can already agree that we need to set a minimum height threshold for the clutter height to be increased from 1m to another level, because clearly, for ground-reflection phenomenon to occur, the ground reflector must be below the UE’s height (and the BS’s for that matter), or else there could be no ground reflection effect to begin with.
We call such critical height the Breakpoint Height.
3. Proposal
3.1. A Simple Proposal
Motivated by the above reflections, we propose the following: 
· Breakpoint distance dBP computed as: 
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where effective BS and UE antenna heights 
[image: image8.wmf]BS

h

¢

, 
[image: image9.wmf]UT

h

¢

are computed function of UE height as follows:
· Let hBP denote the breakpoint height above which the clutter height cannot be considered as low as 1m, whose value is FFS but must necessarily be below BS height. 
· If UE height is below the breakpoint height, then clutter height is set to 1m:
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· Otherwise (i.e. if UE height is above the breakpoint height), then set the clutter height to a predefined value hclutter greater than 1m. 
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hclutter is also FFS, but tentatively could be the breakpoint height itself.
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Figure 3- Proposed UE height-dependent breakpoint distance comparison. If UE is at certain height above ground (what we call a breakpoint height, hBP), breakpoint distance is defined function of a clutter higher that ground level (1m), in this example tentatively set to hclutter = [5m]. Otherwise (if the UE is below threshold height), breakpoint distance comparison is done w.r.t ground, as in 2D pathloss model.
3.2. A More General Proposal
If the urban clutter is not modeled as uniform in height, then a multiplicity of breakpoint heights hBP1, hBP2 , …, hBPK and clutter heights hclutter_1, hclutter_2 , …, hclutter_K could be considered. In the extreme, a pair {urban clutter height, breakpoint height} could be defined for each 3D drop location. However, this may increase simulation time and implementation complexity. To keep the modeling simple, we propose to adopt either our simple proposal (3.1) with 1 breakpoint height or an extended version with a few breakpoint heights. Again, the values for these breakpoint heights are left FFS depending on other companies’ views and preferences as well as the scenario assumptions (e.g. maximum UE height, number of floors per building, etc.).  
4. Conclusions
One of the controversies in the 3D pathloss modeling debate in RAN1 is how to model the breakpoint distance for UEs far above the ground. Following RAN#72b (Chicago), an email discussion on the breakpoint distance modeling in 3D MIMO LoS pathloss was carried out [2]. Though there was no consensus, our perception is that companies seem to have agreed on the basic idea that the breakpoint distance should be modeled as function of a UE’s height.
In this contribution, we propose a simple model to capture the breakpoint distance dependence on UE height, through a threshold height that we call the Breakpoint Height:
Proposed height dependent breakpoint distance model for 3D MIMO 
· Breakpoint distance dBP computed as: 
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where effective BS and UE antenna heights 
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are computed function of UE height as follows:
· Let hBP denote the breakpoint height above which the clutter height cannot be considered as low as 1m, whose value is FFS but must necessarily be below BS height. 
· If UE height is below the breakpoint height, then clutter height is set to 1m:
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· Otherwise (i.e. if UE height is above the breakpoint height), then set the clutter height to a predefined value hclutter greater than 1m. 
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