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1 Introduction

In RAN1#74 meeting, the high rise scenario was introduced, and the detail of high rise scenario was further clarified in the last meeting as below:

· Density of high rise buildings is one per sector

· The name of high-rise scenario is “3D UMa with one high rise per sector with 300 m ISD”
· Note: Propagation modeling should consider multiple high rise buildings in the network

For the high rise scenario, the channel modelling is still FFS. The current channel modelling is mainly targeted for UEs located at up to 8 floors, e.g., the LOS probability for 3D UMa is only valid when UE height is less than 23m. However, for the high rise scenario, there are 40% UEs uniformly distributed over different floors of the high rise building with 20-30 floors. Due to the existence of the high rise building, the propagation from base station (BS) to UEs especially for the UE height being larger than 23m would be different from 3D UMa and 3D UMi [1]. Hence, it is necessary to investigate the channel modelling of high rise scenario. 

In this contribution, the modelling of large scale parameters in high rise scenario including LOS probability and path loss is discussed, and the related ray tracing results are provided to facilitate the modelling. 
2 LOS probability 

Compared to 3D UMa, the only difference for the high rise scenario is that there is one high rise building with 20-30 floors in each sector. The propagation from BS to the UEs at lower floors (i.e., 1-8) would not have much difference with the indoor UEs in 3D UMa due to the sparse high rise building in one sector, and therefore the LOS probability for 3D UMa can be applicable for the UEs at floor 1-8 in the high rise scenario. It is needed to determine the LOS probability for the UEs at floor 9-30.  
As there is only one high rise building per sector and the ISD is 300 m in the high rise scenario, the propagation condition from BS to UEs on the 9th-30th floor will be LOS when the 2D distance from BS to the UEs is less than 150 m. The reason is that there is no any obstacle between BS and the UEs in this case, and therefore the LOS probability is 1. However, when the 2D distance from BS to UEs is larger than 150 m, the propagation condition could be LOS or NLOS because there would be multiple high rise buildings between BS and the UEs and the multiple high rise buildings would impact on the propagation. 
To model the LOS probability for the high rise scenario, ray tracing based simulation is performed and 3D electrical map of Shanghai is used in the simulation. In the map, many sites which have the similar building distribution as the high rise scenario are selected for simulation. For each selected site, BS height is set to be 25m and the receiver points (i.e., UE) are placed at different floors of different high rise buildings. In the simulation, the receiver points are placed at floor 10, 13, 16, 19, 22, 26 and 30. The ray tracing results are shown in Fig.1. Each point with different mark in Fig.1 indicates how the LOS probability varies over the BS-UE distance for a certain UE height.  
It can be observed from the ray tracing results that the LOS probability is 1 when the BS-UE distance is less than 150 m, which verifies the analysis. In case the BS-UE distance is larger than 150m, the LOS probability for a certain UE height decreases when the BS-UE is distance is increased, and there is higher LOS probability for high floor UEs at a certain BS-UE distance. Based on the ray tracing results, curve fitting is used to search the function of LOS probability which is given in equation (1). The results of curve fitting are also shown in Fig.1 in the form of dash line, which shows a good match with the ray tracing results.  


[image: image1.wmf](

)

(

)

(

)

0.

2

2

_3222

22

222

25

1.65

150,23

()

,2

1,

,

(,23)1(,),150

23

(,)

10

()1.64/150/600

3

()

exp()

UE

D

LOSDUE

LOSDUMaDDUED

UE

DUD

DD

UE

E

D

d

dh

dDdhd

h

Dd

q

h

P

P

d

h

qd

d

h

d

-

ì

í

+>

î

-

æö

=

ç÷

èø

=

-

£>

=

>

                     (1)
[image: image2.png]Prob.

Curve fitting for HRi

ibOeOxo+

- curve fitting28.5
- curve fitting37.5
- curve fitting46.5
© curve fitting33.5
- curve fitting64.5
~ curve fitting76.5
- curve fitting88.5

RT285
RT375
RT:H465
RT:555
RT65
RT65
RTS85

01
0

i i i i
100 200 300 400

500 600




Fig.1: LOS probability of high rise scenario 
3 Path loss
When UE is located below the 9th floor, the NLOS path loss formula for 3D UMa can be reused because the sparse high rise buildings may not have much impact on the low floor UEs. We need to determine the NLOS path loss when UE height is larger than 23m.  
For both 3D UMa and 3D UMi, the NLOS path loss variation over UE height is modelled to be linear to UE height at a certain 2D BS-UE distance and the gain factor is 0.6 and 0.3 for 3D UMa and 3D UMi, respectively. Hence, for the high rise scenario, we can also start from this kind of linear modelling for NLOS path loss. The NLOS path loss for UEs at floor 9-30 can be modelled as 
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To verify the NLOS path loss modelling, ray tracing based simulation or field measurement results are needed. For the ray tracing, the relative difference between the path loss of each floor being higher than 8 and the path loss of the 8th floor at different BS-UE distance can be provided to determine the value of 
[image: image4.wmf]a

. 
For LOS path loss, the path loss for the high rise scenario will not have any difference with 3D UMa since the LOS transmission from the base station to UE is the same for 3D UMa and the high rise scenario. Therefore 3D UMa LOS path loss can be reused. 
4 Conclusions
In this contribution, the LOS probability and path loss for the high rise scenario is discussed and there are the following proposals based on the discussion:
LOS probability:

· LOS probability for 3D UMa is reused when the UE height is up to 23m
· When the UE height is larger than 23m, the LOS probability is modelled as below 
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Path loss: 

· 3D UMa LOS path loss is reused regardless of UE height
· 3D UMa NLOS path loss is reused when the UE height is up to 23 m

· When the UE height is larger than 23 m, the NLOS path loss is modelled as
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