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1. Introduction

In RAN1#73 meeting, the following agreements on path loss model for 3D channel were reached [1].

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

· LOS probability for 3D UMi:
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· 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:

[image: image1.wmf])

(

Pr

)

(

Pr

3

d

d

LOS

UMi

ITU

LOS

UMi

D

-

-

-

-

=


·  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

As listed above, some detailed large scale parameters, such as LOS probability for 3D UMa, LOS UE’s environment height for UMa and 3D UMa/UMi NLOS PL, are still left open. Therefore, in this contribution, we present our considerations on the remaining details  of  large scale parameters  in 3D channel model.

2. LOS probability for 3D UMa 

The LOS probability defined by ITU only considers the case with ground-level distribution of UEs.  However, with previously agreed scenarios of 3D UE dropping, a height-dependent LOS probability was considered to be a more accurate way for modelling the large-scale propagation  of  3D UMa.  As mentioned by some companies [2,3], the LOS probability shows less dependence on height for UEs on or below 4-5th floor, and then the original ITU LOS probability matches the 3D propagation model well at least for UEs below 10.5-13.5m or so. For UEs above such range of height, on the other hand, modifications to the ITU formula are needed to accurately represent the LOS probability. In both [2] and [3], formula like 
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was proposed to capture the influence of height on LOS probability for UEs above 4-5th floor. Furthermore, an analytical expression of the term 
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 was deduced by ray tracing and curve fitting based on data gathered from a synthetic deployment scenario with accurately modeled 3D buildings, streets and base stations. Due to the purely geometric nature of LOS probability, ray tracing is attractive in modeling LOS path. However, the resulted LOS probability is strongly tied with the detailed geometric structures of modeled deployment scenario, such as building structure, building size, street width as well as average building height etc., in ray tracing based approach. Considering both accuracy and generality in modelling LOS probability, we have the following observation.
Observation 1
· Ray tracing method to determine LOS, but further study is needed 

·   LOS probability in ray tracing is highly dependent on building structure, building size, street width as well as average building height etc.

·   Channel model should be more generic, applicable to future scenarios,  such as high rise scenario and FD-MIMO
3. LOS UE’s environment height for 3D UMa

The breakpoint distance is highly dependent on the so-called environment height, which is fixed to 1m to represent the height of reflectors generating interfering path to UEs on ground level. For UE inside the building, however, the interfering reflection to LOS may come from the underneath rooftop of intermediate building, too. As the agreed minimum build height is 12m, two types of LOS are possible for UE on or above 5th floor. Terminologies LOS type 1 and LOS type 2 are used to describe reflection routes above street and rooftop in two-ray LOS model respectively [2, 4]. 
As discussed above, a UE below 5th floor can never experience a type 2 LOS. Thus effective environment height of 1m can be re-used to determine the breakpoint distance for this kind of UE. For a UE above 4th floor, the rooftop of intermediate building below it serves as a reflector. Then, it’s reasonable to assume a uniform distribution of the effective environment which height range from 12 to 
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[2, 3]. Furthermore, based on the partition of two LOS types, the probability with which a UE above 4th floor see a type 2 LOS was shown in [3]. 
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Observation 2

· Determine environment height based on certain probability
· For 
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· For 
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· If LOS above streets, the effective environment height is 1m 

· If LOS above buildings, then determine effective environment height as 
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4. 3D UMa/UMi NLOS PL 

A linear factor of height gain was agreed to be introduced for 3D UMa NLOS PL calculation. To determine the value of 
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, extensive measurements are needed. As alternative, ray-tracing based method can also be used in selection of 
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. However, some key characteristics, such as diffractions, in NLOS case are not easy to be predicted accurately. Hence, attention should be paid when determining 
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through non-measurement based method. 
For NLOS in 3D UMi, similar way of adjusting PL calculation with a linear correction 
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is the simplest among all the candidates. Moreover, compared to alternatives based on non-linear compensation and weighting [2], linear correction for 3D UMi is supported by published measurement results [6, 7]. Therefore, approach like Alt1 is considered to be a reasonable choice for calculating NLOS PL of 3D UMi.
Observation 3
· Attention should be paid when determining 
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through non-measurement based method

· Alt1 is considered to be a reasonable choice for calculating NLOS PL of 3D UMi
5. Conclusions 

In this contribution, we discuss the LOS probability and environment height for 3D UMa and NLOS PL for 3D UMa/UMi, with the following observations:

Observation 1

· Ray tracing method to determine LOS, but further study is needed 

·   LOS probability in ray tracing is highly dependent on building structure, building size, street width as well as average building height etc.

·   Channel model should be more generic, applicable to all scenarios,  such as high rise scenario and FD-MIMO
Observation 2

· Determine environment height based on certain probability
· For  
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12m, environment height=1m

· For 
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· If LOS above streets, the effective environment height is 1m 

· If LOS above buildings, then determine effective environment height as 
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Observation 3

· Attention should be paid when determining 
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through non-measurement based method

· Alt1 is considered to be a reasonable choice for calculating NLOS PL of 3D Umi
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