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1 Introduction

In RAN1#74 meeting, the following 3D UMi NLOS path loss (PL) modeling was agreed as working assumption, 
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3D-UMi NLOS PL:
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where, α = 0.3.

In this model, height gain is linear to UE height and the height gain factor is independent of BS distance to UE. However, our ray tracing results show that the working assumption model cannot track the trend of 3D UMi NLOS path loss variation when the BS-UE distance is less than 100 meters and up to 6.3 dB deviation from the ray tracing results is observed.  Hence, the refinement of 3D UMi NLOS PL is needed in order to reduce the large deviation.  
In [1], a non-linear height gain model was proposed, where the height gain is linear to UE height within each BS-UE distance range and the height gain factor is dependent on BS-UE distance. Part of this non-linear height model is same as the working assumption model, i.e., when the BS-UE distance is larger than 100m, and it has better match with the ray tracing results than the working assumption model when the BS-UE distance is less than 100m. However, the main concern for this model was the discontinuity issue during the online discussion at RAN1#74. 
In this contribution, it is first shown that the working assumption model has large deviation from the ray tracing results and then the update of our previously proposed non-linear model is provided, which has better match with the ray tracing results and the discontinuity issue is eliminated. 
2 Discussion 

The proposed 3D-UMi NLOS PL in [1] is, 
when the BS-UE distance is larger than dNLOS_threshold
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Otherwise;  
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where, 
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dNLOS_threshold is suggested to be 100 m.

It can be observed that the proposed model is exactly same as the working assumption model when the BS-UE distance is larger than dNLOS_threshold, which match with the ray tracing results well as illustrated in Fig.1. However, in case the BS-UE distance being less than dNLOS_threshold, there is the observation from the ray tracing results in Fig.2 that the height gain is symmetric around the BS height (the explanation of such observation can be found in [1]) which is totally different from the working assumption model. Due to the difference, the working assumption model has up to 6.3dB PL deviation from the ray tracing results, which impacts on the accuracy of channel modeling and it is not expected. Hence, the refinement of working assumption model is needed to reduce the deviation. 
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Fig. 1  3D-UMi PL variation with UE height                       Fig. 2 3D-UMi PL variation with UE height

when the distance is more than dNLOS_threshold                               when the distance is less than dNLOS_threshold
The blue dash curves in Fig. 1 and Fig. 2 represent the curve according to the model given in equation (1) and (2). The red dash curve in Fig. 2 represents the working assumption model.  It can be observed from Fig.2 that equation (2) has better match with the ray tracing results than the working assumption model, and therefore the model expressed by equation (1) and (2) is preferred from the accuracy of channel modeling perspective. However, there was the concern on the PL discontinuity for the model expressed by equation (1) and (2).

In order to keep the PL continuity at the BS-UE distance dNLOS_threshold   for equation (1) and (2) for each UE height, a curve fitting is done and the refined curves can be found in Fig. 3. It can be observed from Fig. 3 that there is up to 3 dB deviation from our ray tracing results after curve fitting.  Compared to the working assumption model, there is about 3dB deviation reduction. 
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Fig. 3:  Refined 3D UMi NLOS PL
The refined 3D UMi NLOS PL model which eliminates the PL discontinuity at dNLOS_threshold is,
Proposal: For 3D UMi NLOS PL, when BS-UE distance is larger than dNLOS_threshold
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where, 
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Otherwise;  
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where, 
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dNLOS_threshold is suggested to be 100 m.

3 Conclusion

In this contribution, it is observed that the working assumption model has up to 6.3dB deviation from the ray tracing results and it is proposed to refine 3D UMi NLOS PL model as below, 
Proposal: For 3D UMi NLOS PL, when BS-UE distance is larger than dNLOS_threshold
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where, 
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Otherwise;  
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dNLOS_threshold is suggested to be 100 m.
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