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1. Introduction
In RAN1#73 the following agreement was made with respect to pathloss modelling –

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

· LOS probability for 3D UMi:
Pr3D-UMi-LOS(d) = PrITU-UMi-LOS(d)

· 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:
· PLUMi-NLOS(d,hUT)=PLITU-UMi-NLOS(d)-α(hUT-1.5)
· 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 ray-tracing results are presented to shed light on some of the open issues regarding pathloss. Ray-tracing studies were conducted for the following scenarios:

a) Real city: A building database for a dense European city was used in this case. The simulated area was 5.3 x 5.1 km with a resolution of 10m x 10m. The average building height in the simulated area was ~18m. 52 actual macro sites varying in height (with an average height of ~ 25m) was used. 10 hypothetical micro sites, each with 10m height were placed. In this case the ray-tracing tool was calibrated (using pathloss) with actual drive-test results for some routes within the simulated area. 

b) Synthesized city: A virtual city was synthesized to simulate a very dense environment. The area of the city was 3km x 3km and simulated with a 10m x 10m resolution. Each building was a rectangular solid and aligned with the streets and the streets formed a rectangular grid. Building heights were uniformly distributed between 4 and 8 floors. 25 macro sites, each at 25m height and 10 micro sites each at 10m height were simulated. 
Throughout the contribution we present results from the real city scenario or the synthesized city scenario or both. Even though we have an agreed upon simplified building model (and UE height model) and fixed eNB heights in RAN1, the pathloss models developed here should be applicable to realistic scenarios as well. The intention here is to show some variation of results between a real city scenario and a synthesized city scenario, both of which can be considered to be dense urban in nature. 

2. Macro LoS probability
Outdoor pixels (in ray-tracing) are used to determine the LOS probability as a function of height and distance from the eNB. A pixel is considered to be LOS if there is no obstruction between the eNB and the pixel for at least one ray. Note that there are alternative definitions of LOS where the relative power of the unobstructed ray is used – that is not the case here. Both Figure 1 and Figure 2 show that there is a significant increase in LOS probability with UE height especially for UEs at 5th floor and above. Note that the LOS probability is completely determined by the geometry of the landscape and therefore is quite dependent on the particular landscape simulated - as expected there is some difference between Figure 1 and Figure 2 as well as from the ITU LOS probability. However, in all cases we observe a significant gain in LOS probability for UEs at high floors compared to UEs at low floors.
There could be different ways of modelling the LOS probability as a function of UE height. An attempt to model the curves in Figure 1 led to the following examples:
[image: image2.png]pLOS =min {(a,/dy;)(1 — exp(—dyp/a;)) + azexp (—dyp/ay).1)



 where a1, a2, a3 (0 or 1), a4 depends on UE height. For the curves with dotted lines shown in Figure 1, we have used a1=99, a2=252, a3=1, a4=42 for UE height=10.5m, a1=648, a2=756, a3=0 for UE height=19.5m and a1=864, a2=882, a3=0 for UE height=22.5m. 
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Figure 1: LOS probability from ray-tracing as a function of UE height and distance for a real city scenario. The plain curves are showing averaged ray-tracing data, the dotted curves are fitted to the ray-tracing data for heights of 1.5m (ITU model), 10.5m, 19.5m and 22.5m. 
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Figure 2: LOS probability from ray-tracing as a function of UE height and distance for a synthesized city scenario

It is already agreed that the LOS probability for 3D-UMi is not a function of UE height. As a validation, in Figure 3 we provide the ray-tracing results for the real-city scenario. It can be observed that in this case the dependence of LOS probability on UE height is not significant. 
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Figure 3: LOS probability for 3D-UMi as a function of UE height and distance for a real city scenario

Observation-1: In the case of 3D-UMa the LOS probability changes significantly as a function of UE height even though the exact probability is a function of the landscape. The ITU-UMa LOS probability for 1.5m UEs can be extended to model UEs at high floors. The new model is expected be applicable (with reasonable accuracy) to realistic scenarios where both building heights and BS heights are variable. 
3. Height gain for pathloss
Macro case:

It was agreed that an additional linear height-gain term is sufficient to model the height-gain for NLOS pathloss in 3D-UMa. The slope of the height-gain term is not yet agreed but values of 0.6dB/m and 0.9dB/m have been considered by many companies. In Figure 4 and Figure 5 we observe the height-gain results from ray-tracing for a real city scenario and a synthesized city scenario as described above. In Figure 4 the fitted linear height-gain term is 0.25 dB/m and in Figure 5 it is 0.6 dB/m. For 3D-UMa the height-gain in NLOS scenarios depend on the landscape for example the width of the street and the strength of reflections from adjacent high buildings so it is likely that there will be a good variation of height-gain slope for different scenarios as is also evident from the literature.
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Figure 4: NLOS Height-gain as observed from ray-tracing (plain curves) for a real city scenario. The dotted curves show a fitted linear height-gain with 0.25 dB/m
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Figure 5: NLOS Height-gain as observed from ray-tracing (plain curves) for a synthesized city scenario. The dotted curves show a fitted linear height-gain term with 0.6 dB/m

Observation-2: The height-gain slope for 3D-UMa NLOS depends on the landscape – values of 0.25 dB/m and 0.6 dB/m were observed in the ray-tracing studies. 
Micro case:
The UMi NLoS propagation environment is determined primarily by the base-station height and the height of the buildings around the UE. Given a UE at 1.5m height and under the assumption of a dense urban scenario with buildings ranging from 4 to 8 floors, the dominant propagation paths are around corners, through buildings and between buildings. The main propagation mechanisms that are modelled for pathloss determination include specular reflections and diffraction. 

As the UE height is increased, the UE receives energy from over-the-rooftop propagation path – the fraction of energy due to over-the-rooftop propagation depends on the UE height and the base-station height relative to the height of the buildings around the UE. In Figure 6 and Figure 7 we show the ray-tracing results corresponding to a real city scenario and a synthesized city scenario respectively. In both cases we observe that the height-gain slope is very small. In some cases for the synthesized city dual-slope behaviour for height-gain is observed (this can be explained by the rate of change of the diffraction angle of the above rooftop propagation route as the UE height is increased). Note however, that this effect is no longer observable in a realistic city where the landscape is much more random and complex. Therefore a linear height-gain factor may be sufficient to model height-gain for the micro pathloss case.       
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Figure 6: Averaged ray-tracing results (plain curves) for a real city scenario showing height-gain as a function of UE height at different distances from the eNB. The fitted curves (dotted lines) are linear with 0.25 dB/m slope
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Figure 7: Averaged ray-tracing results (plain curves) for a synthesized city showing height-gain as a function of UE height at different distances from the eNB. The fitted curves (dotted lines) are linear with 0.1 dB/m slope

Observation-3: The height-gain slope for 3D-UMi NLOS is observed to be quite small – values of 0.25 dB/m and 0.1 dB/m were observed. 
4. Conclusions
In this contribution pathloss modeling issues associated with the 3D channel model were investigated. The following conclusions are drawn:
Observation-1: In the case of 3D-UMa the LOS probability changes significantly as a function of UE height even though the exact probability is a function of the landscape. The ITU-UMa LOS probability for 1.5m UEs can be extended to model UEs at high floors. The new model is expected be applicable (with reasonable accuracy) to realistic scenarios where both building heights and BS heights are variable. 
Observation-2: The height-gain slope for 3D-UMa NLOS depends on the landscape – values of 0.25 dB/m and 0.6 dB/m were observed in the ray-tracing studies. 
Observation-3: The height-gain slope for 3D-UMi NLOS is observed to be quite small – values of 0.25 dB/m and 0.1 dB/m were observed. 
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