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Discussion
1. Introduction
In RAN1#72b the following agreement was made with respect to pathloss modelling –

· Working Assumption for all bullets except PLb for LOS and 3D UMi PL:
· For NLOS/LOS UMa/UMi PL calculations, the 2D distance shall be replaced with 3D distance.

· For outdoor UEs, reuse ITU UMi LOS/NLOS and ITU UMa LOS/NLOS PL equations at hUT = 1.5 m in 36.814.

· For indoor UEs,

· UMa/UMi O-I pathloss modeling is according to:
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· PLtw = 20 dB

· PLin = 0.5 din, where din = Uniform(0, min(25, d)).

· PLb is determined according to the next slide.

· PLb for LOS

· Both for UMi/UMa, reuse the ITU LOS PLformula  (with the new UE height)
· PLb for NLOS- the baseline understanding is that the following formula is considering collectively all paths seen by the UE.  Meanwhile, the application of this formula separately to the above-rooftop paths can be further investigated.
· 3D UMa PL is determined according to:
[image: image1.png]PL=PL,+PL, +PL,




Where PLUMa-NLOS(d,hUT) = PLUMa-NLOS(d,hUT) – α(hUT-1.5)
· α is FFS, and to be chosen from 0.6, 0.9, 1.1 and 1.5 

· 3D UMi PL 

· Study introduction of additional term to the ITU UMi NLOS PL, capturing a linear decrement of PL with hUT.

· Study impact of the clutter height

In this contribution we address mainly two remaining aspects of pathloss – (i) 3D UMi PL and (ii) breakpoint distance for LoS pathloss.
2. UMi NLoS pathloss
In Rel-11 ITU-UMi scenarios, pathloss is modelled using the models described in 36.814 [2] and UE height is assumed to be 1.5m above the ground plane for both indoor as well as outdoor locations. It was agreed in RAN1#72b that the indoor UE height will vary from 1.5m to 22.5m in steps of 3m. The height dependency of pathloss is specifically related to indoor UEs and to the O-to-I pathloss models. 
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. In RAN1#72b it was agreed that for a UE at 1.5m height, the UMi pathloss model as mentioned in 36.814 can be reused. 
The main issue now is to extend the pathloss model to UEs at high floors. As the UE height is increased, the receiver 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. One approach is to model the increase in energy using a linear height-gain term. In this approach the modified pathloss model takes the following form. In Figure 1, this approach is indicated by the term – linear model
PLUMi-NLoS-3D (d, hUT) = max(PLITU-UMi-NLoS (d, hUT = 1.5m) – α(hUT - 1.5), PLITU-UMi-LoS (d, hUT))

An alternative approach as proposed in [7] is to explicitly use the UMa pathloss modified to reflect the effect of diffractions due to a below-rooftop base-station height to model the increase in energy that is received by a UE at high floors. The UMa model includes the effect of multiple diffractions over buildings due to an elevated base-station antenna height, hence this modification is required to model over-the-rooftop propagation in UMi scenario. The simplified model as proposed in [7] can be expressed in the following form. In Figure 1, this approach is indicated by the term – dual propagation model. 
PL(micro)NLoS (d, hUT)=min{ PL(micro)NLoS,above (d, hUT), PL(micro)NLoS,around (d, hUT)}

Taking into account the agreements made already in RAN1#72b for example, the usage of 3D distance and the pathloss formula for UMa-NLoS, we show a comparison of the two approaches in Figure 1. The main observation from Figure 1 is that by tuning the models appropriately, similar pathloss behaviour can be expected from both approaches.
Observation: Both pathloss models, linear as well as dual-propagation, can be tuned to obtain similar pathloss behaviour for UMi-NLoS scenario.
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Figure 1: Comparison of UMi-NLoS pathloss due to two modeling approaches – a linear height-gain model and a dual-propagation model. The height-gain slope α can be tuned to adjust to simulated/measured pathloss data.
3. Breakpoint distance for LoS
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Figure 2: LoS Case-A
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Figure 3: LoS Case-B
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Figure 4: LoS Case-C

In RAN1#72b it was noted that the breakpoint distance for LoS pathloss models needs to be extended for UEs located at high floors. The existing model in 36.814 applies to a UE height of 1.5m. In this case the pathloss behaviour for LoS propagation is modelled by a dual-slope pathloss function involving a breakpoint – this dual-slope behaviour can be predicted by a simple 2-ray model as shown in Figure 2. This is not obvious but has been validated and established in the literature to a large extent. Under some assumptions the breakpoint distance is given by dBP=4hBShUT/λ. In order to model a smaller observed breakpoint distance, an environment height is introduced resulting in dBP=4(hBS-h)( hUT-h)/λ where h=1m is the environment height used to model reflections from car rooftops etc.
With the intent of preserving the dual-slope nature of the pathloss function for UEs at higher floors a 2-ray model extension can be visualized as in Figure 3 and Figure 4. Figure 3 can be motivated by reflectors over roof-tops or from surrounding buildings that may result in a lower breakpoint distance compared to that of Case-A. Figure 4 can be motivated by reflection from the ground that may result in a larger breakpoint distance compared to that of Case-A. 
In the following, we select LoS Case-C and further assume that the ground bounce model is able to represent the propagation environment not only for the purposes of pathloss behaviour but also for fast-fading channel parameters. Under this assumption from Figure 6 and Figure 7 we observe that the EoD spread and the EoD bias increases significantly and linearly with UE height. (Assumptions: K = Ricean factor, UE azimuth distance is 120 m (UMi) and 320 m (UMa), 2 GHz carrier frequency, reflection coefficient=-1).
Based on this we have the following observation:
Observation: The 2-ray model can be used to study the breakpoint distance. Whether the 2-ray model is an accurate representation of the propagation environment for purposes of modelling O-to-I fast-fading channel parameters is not clear. 
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Figure 5: Breakpoint distance
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Figure 6: EoD spread
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Figure 7: EoD bias (median)

4. Conclusions
In this contribution pathloss modeling issues associated with the 3D channel model were investigated, and shadow fading is studied (in Appendix).  The following conclusions are drawn:
In the case of UMi NLoS both pathloss models, linear as well as dual-propagation, can be tuned to obtain similar pathloss behaviour.
The 2-ray model can be used to study the breakpoint distance. Whether the 2-ray model is an accurate representation of the propagation environment for purposes of modelling O-to-I fast-fading channel parameters is not clear. 
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5. Appendix: Shadow fading for 3D channel model
As is the case with the 2D channel model, 3GPP RAN1 needs a simple shadow fading model for the 3D channel model which is independent of the actual antenna array used and also any array beamforming weights. Thus it is proposed in [3] that the shadow fading from the 2D model of [2] be used for the 3D model with no changes. Basically the shadow fading is log-normally distributed with a fixed standard deviation which is selected based on the environment being simulated. For example, the shadow-fading standard deviation is 6 dB for the NLOS UMa environment. Of course this does not imply that the shadow fading would still be 6 dB when measured from the average power of the final channel realizations (i.e., channel realizations from [3] after virtualization into ports). Take for example a single channel realization from the UMa NLOS 3D channel as seen in Figure 5 and Figure 6. When the downtilt (either electrical or mechanical) is changed then different rays in the channels are highlighted relative to other downtilts. Take for example an electrical downtilt of 0 degrees (i.e., a port virtualization weight of all ones) with an array of 10 elements in the vertical direction with spacing of 0.9 wavelengths as shown in Figure 5. In this case the rays in the broadside direction to the eNB array are highlighted relative to ones away from the array. When the same channel is illuminated with an electrical downtilt of 10 degrees, the rays corresponding to the 10 degree downtilt direction are highlighted relative to the other rays as is seen in Figure 6. It should be noted too that the average power of the channel seen by the UE is unsurprisingly different for each downtilt, 4.06 dB for a 0 degree downtilt and 2.32 dB for the 10 degree downtilt.
Thus the way the different rays are highlighted by the different downtilts will change the final shadow fading (as measured from the average final channel power taking into account path loss) despite the initial shadow fading draw being fixed for all downtilts (the initial shadow fading is a large-scale parameter). To see this effect, refer to Figure 7 which shows the final shadow fading for different downtilts. The final shadow fading is clearly affected by the downtilt, despite the initial (long-term) shadow fading before the elevation beam weight (downtilt) is applied being the same for all downtilts. Note that the final shadow fading value seen is always higher than the original value of 6 dB.
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Figure 12: Relative power of the rays (dB) for an electrical downtilt of 0 degrees.  The black X marks the location of the LOS ray to the UE.
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Figure 13: Relative power of the rays (dB) for an electrical downtilt of 10 degrees.  The black X marks the location of the LOS ray to the UE.
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Figure 14: Final shadow fading at different downtilt values.

