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1. Introduction & Background
This paper discusses large scale parameters in high rise scenario, mainly the modeling of NLoS path loss.
2. NLoS PL Discussions
During RAN1 #75, 2 alternatives were proposed about NLoS PL.
Alternative1,
Path-loss formula depends on whether the UE is well-into low-rise layer (38log(d) distance dependence), well-into high-rise layer (20log(d) distance dependence and high-rise shadowing loss, possibly based on determination of blocking high-rises), or in-between 

Alternative 2,
For UEs below 8 floors, reuse 3D UMa, Linearly increase with 0.04 for UEs above 8 floors 

To conclude, we have done some ray tracing based simulation on the real 3D map of Beijing downtown. The ray tracing area is near the CBD district and has around 300 high buildings beyond the height of 60 meters in 6.25 square kilometers.  This environment matches with the defined “3D UMa with one high rise per sector with 300m ISD” (42 high buildings per km2.), and is a frequently encountered environment in real world.
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Figure 1 outer part of Beijing CBD area used in Ray-Tracing
In this ray trace simulation, several transmitters are dropped at the height of 25 meters. And different receivers were located within the distance of 500m near each transmitter with height from 1.5m to 125.5m. The pathloss calculation is the main focus in this ray tracing work. The ray tracer includes the typical EM wave propagation effects such as reflection, diffraction, and refraction. Four Base-stations (eNB_1, eNB_3, eNB_6, CYQCGYXY) are used as transmitter in this ray-tracing.


          UE height = 82.1m                                                                       UE height = 69.7m
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UE height = 51.1 m                                                                     UE height = 38.8m
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UE height = 26.3m                                                                     UE height = 1.5m
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Figure 1. Sample of PL for UEs at different heights
Pahtloss samples are collected at different heights. Figure 1 shows the pahtloss at 1.5/26.3/38.8/51.1/69.7/82.1 meters high. The Y axis represents path loss, and the X axis represents log(d), namely 100 m distance corresponds to the value of 2, and 1000 m distance corresponds to the value of 3. PLs are collected at distance from 40 to 500 m.

It can be observed that number of NLoS samples greatly increases with distance, corresponds to the fact the NLoS probability is higher at farer distance. It is also observed that number of samples decreases with UE height, which corresponds to the fact the number of UEs are less on higher floors.
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Figure 4 the fitting curve at different height

For a convenient comparison of the PL at different heights, the six fitted PL curves in figure 1 are plotted in one figure, as shown in figure 2. It is observed that the fitted PL curves are basically in parallel, which means that PL attenuation for different heights are similar. The number of the slope of the curves  are as follows: 

· UE height = 1.5,

35.9  log(d)
· UE height = 26.3

31.1 log(d)
· UE height = 38.8

30.9 log(d)
· UE height = 51.1

34.7 log(d)
· UE height = 69.7

32.1 log(d)
· UE height = 82.1

31.2 log(d)
Observation:

The distance dependent attenuation factor is similar for UEs in either low-rise or high-rise layers.

It can be seen that for most heights in nlos situation the slope of curve is more than 30, which is quite close to current NLoS PL equation. So we proposed here,
Proposal 1:

Reuse the 37log(d) for UEs in the high-rise layer and the lowe-rise layer for NLoS PL
In addition to the pathloss attenuation, height gain can be derived from the above figure as well. Given one distance, the PL difference for different heights can be calculated, and height gain is obtained. It is observed that height gain is different for UEs at different heights, namely large height gain for UEs under 8 floor, small height for UEs between 8 and 16 floors, and almost zero height gain for UEs between 16 and 30 floors. In other words, in this ray-tracing result, the observed height gain is:

· for UEs under 8 floor, height gain is 0.5,
· for UEs between 8 floor and 16 floor, height gain is 0.2

· for UEs between 16 floor and 30 floor, height gain is 0

Consider the legacy 3D UMa height gain 0.6, it might be beneficial to reuse the height gains for UEs under 8 floor, namely the proposal is as follows:
· for UEs under 8 floor, height gain is 0.6

· for UEs between 8 floor and 16 floor, height gain is 0.2
· for UEs between 16 floor and 30 floor, height gain is 0
3. Conclusion
In this contribution, we mainly discuss the pahtloss formula in Nlos situation of the high-rise scenarios.We have the following observations.
Observation:

The distance dependent attenuation factor is similar for UEs in either low-rise or high-rise layers.

Proposal 1:

Reuse the 37log(d) for UEs in the high-rise layer and the lowe-rise layer for NLoS PL

For the value of height gain, the following is proposed:
· for UEs under 8 floor, height gain is 0.6

· for UEs between 8 floor and 16 floor, height gain is 0.2
· for UEs between 16 floor and 30 floor, height is 0[image: image9.png]
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