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Discussion
1. Introduction
In RAN#72 it was agreed that for 3D channel model SI indoor UEs need to be placed at different heights depending on the floor of the building they are in. The outdoor UEs can be placed at a fixed height above the ground plane. This discussion is also related to how multi-floor buildings can be modelled for different scenarios which is addressed in [1]. In this contribution we focus on the pathloss and shadow fading models for Urban Macro-cell and Urban Micro-cell scenarios that were agreed to be prioritized in RAN#72. One of our objectives is to minimize changes to the 36.814 models and dropping methodology.
In terms of shadow fading we note that it is a large-scale parameter that models how the average power at an individual location varies due to nearby obstructions, reflectors, etc. Shadow fading has been defined for 2D channel model in [2].  In this contribution we investigate the effects of shadow fading on the ray-based 3D channel model proposed in [3].
2. Pathloss for 3D channel model
In Rel-11 the ITU-UMa and ITU-UMi scenarios were modelled using the pathloss models described in 36.814 [2] and UE height was assumed to be 1.5m above the ground plane. Since it is agreed that outdoor UEs will be at a constant height above the ground, it would be natural to consider outdoor UEs at 1.5m above the ground. Then the height dependency of pathloss is specifically related to indoor UEs and to the O-to-I pathloss models. We also note that in 36.814 the ITU-UMi and ITU-UMa pathloss models are applicable to UEs at 1.5m above ground. Only ITU-UMa NLoS pathloss formula in 36.814 has a height dependent pathloss term that we will discuss in the following. 
It is worth noting that the impact to O-to-I pathloss (including building penetration loss) due to UE height is different for the case of LoS (the entire building is LoS) and NLoS cases which is evident from the literature [5] as well as recognized in COST-231 [4]. 
In the case of LoS we use the detailed modelling method as given in [4]

 REF _Ref352778544 \n \h 
[6] to model the dependency of pathloss on UE height. The pathloss formula is given by
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 Note that this method requires explicit modelling of building positions and dimensions.
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Figure 1: Illustration of the different dimensions and grazing angle from [4]
The pathloss derived from the formula above is plotted in Figure 2 labelled as ‘Berg 00’ and ‘Berg 900’. We observe that the dependence of pathloss on UE height is very small in this case and can be modelled by using 3D distance instead of 2D distance to compute pathloss using the existing formula from 36.814. This is shown in Figure 2 in the curve labelled as ‘UMa O-to-I’ where we also show that the pathloss predicted by the existing formula in 36.814 (with 3D distance) is close to an average of the Berg model when averaged over different UE locations (different grazing angles). 
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Figure 2: Pathloss as a function of UE height (floors) as modeled in [4] compared with ITU-UMa formula (with 3D distance)
Based on this observation and considering the simplicity of this approach (not having to model explicit building dimensions) we propose the following-
In the case of LoS, the existing pathloss models from 36.814 can be used to model the effect of varying UE heights by using 3D distance in place of 2D distance. Explicitly modelling building locations and dimensions are not necessary
In summary our proposal for O-to-I pathloss model for LoS case can be written as follows:

· UE height model given by [image: image8.png]hye =3z — 1) + 1.





· eNB height hBS=25 (Urban macro-cell scenario), 10 (Urban micro-cell sceanrio)
· Pathloss equations same as in 36.814 with 3D distance (set [image: image10.png]15



 in the existing formula). Note that hUE that is used in 3D distance calculation is according to the UE height model.

· [image: image12.png]PL = 28 + 20log(f) + 22log(d,p) + 20 + 0.5d;,
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 where dout and din are 2D distances
· din is uniformly distributed in [0, 25] 
In the case of NLoS, we note that for ITU-UMa the existing formula in 36.814 is UE height dependent but that is not the case for ITU-UMi. The existing ITU-UMa formula shows a reasonable decrease in pathloss as the UE height is increased – this effect may be termed as height-gain. The same effect has also been observed in the literature [5] and may be explained by the gain in power as a UE transitions from a highly cluttered environment (bottom floors) to a less cluttered environment (LoS floors). It has also been observed that the height-gain saturates once the UE reaches a LoS floor or moves beyond the clutter. In order to capture this effect while also keeping in mind the need for simplicity we propose to include a height-gain term to the existing pathloss formulas in 36.814 for both UMi and UMa. To ensure consistency we use 3D distance for this case as well.
In the case of NLoS, the existing pathloss models from 36.814 plus a height-gain term can be used to model the effect of varying UE heights. Explicitly modelling building locations and dimensions are not necessary.
In summary our proposal for O-to-I pathloss model for NLoS case can be written as follows:

· A height-gain term G is added to the existing pathloss formula and 3D distance is used. [image: image16.png]G =nh where h = min (hyz — 1.5, Rgppironment )




· η is the height-gain slope and hEnvironment is the clutter height defined to saturate G.
· Using hUT=1.5 in the ITU-UMa formula we have [image: image18.png]33.05 + 36.70log(dyp) + 20 + 0.5d;,




 and [image: image20.png]PL(UMa) = 19.57 + 39.09log(d,;) + 20 +0.5d;,, — G




An illustration of the height dependent pathloss proposal is provided in Figure 3 and Figure 4 using din=5m, η=1.1 dB/m, hEnvironment=10m for both UMa and UMi. In Figure 3 the ITU NLoS pathloss is computed based on 3D distance. The existing ITU-UMa NLoS formula does not model the effect of height gain saturation which causes the ITU NLoS 35m pathloss curve to intersect the LoS 35m pathloss curve in Figure 3. It may also be observed from Figure 3 that setting η=1.1 dB/m, hEnvironment=10m for UMa nicely matches the pathloss predicted by the existing ITU-UMa pathloss formula up to a UE height of about 15m above the ground plane.
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Figure 3: Comparison of the proposed pathloss model with existing ITU model, all using 3D distance for Urban Macro-cell scenario
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Figure 4: Shows LoS and NLoS pathloss variation with UE height for the case of Urban Micro-cell scenario (all using 3D distance)
3. 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 5: 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 6: 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.

[image: image25.emf]0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

6.5

7

7.5

8

8.5

9

9.5

Downtilt (degrees)

Shadow fading (dB)


Figure 7: Final shadow fading at different downtilt values.
4. Conclusion
In this contribution pathloss and shadow fading effects associated with the 3D channel model were investigated.  The following conclusions are drawn:
1. In the case of LoS, the existing pathloss models from 36.814 can be used to model the effect of varying UE heights by using 3D distance in place of 2D distance. Explicitly modelling building locations and dimensions are not necessary
2. In the case of NLoS, the existing pathloss models from 36.814 plus a height-gain term can be used to model the effect of varying UE heights. Explicitly modelling building locations and dimensions are not necessary.
3. The shadow fading model from the 2D ITU channel model is sufficient for the 3D channel modeling.

4. Different downtilts will experience a different final shadow fading as measured from channel power despite the fact that the shadow fading before the downtilt (i.e., before the elevation beam pattern is applied) is a large-scale parameter which is applied the same for all downtilts.
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