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1 Introduction
In RAN1#73, the UE height dependent path loss model has been discussed and the following is agreed.
· For LOS probability calculation and environment height calculation, 2D distance is used.

· LOS probability for 3D UMi:
Pr3D-UMi-LOS(d) = PrITU-UMi-LOS(d)
· 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 stochastic function

· 3D UMa

· Height gain α = [0.6][0.9].

· 3D UMi

· Alt 1: 
PLUMi-NLOS(d, hUT) = PLITU-UMi-NLOS(d) – α(hUT – 1.5)  

·  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

In this contribution, we provide our views on remaining details of path loss modeling. 

2 Discussion on Remaining Issues

2.1
Environment Height Modeling for 3D UMa
In ITU UMa scenario [1], PLb for LOS is characterized by a two-slope model.  In the two-slope model, the breakpoint distance is derived based on the Fresnel zone theory.  The breakpoint distance dBP is the horizontal separation at which the first Fresnel zone just touches the ground [2] (or the clutters). Since all UEs are located on the ground in the ITU UMa scenario, clutters in the environment are cars.  The impact of clutters can thus be well captured by a 1 m average environment height.  In the 3D scenarios, the Fresnel zone theory-based breakpoint definition is still valid.  But the clutters, or the environment height, need to be modeled properly.    
As agreed in RAN1#73,  for 3D UMa, a LOS UE’s environment height hE is 1m with probability p(d, hUT), otherwise hE =  hE(hUT).  Both p(d, hUT) and hE(hUT) need to be defined.  For the 3D UMa scenario, the eNB antenna is above the roof-top.  Depending on their location, indoor UEs may experience two types of outdoor cluttering, i.e.

· (Ground bouncing) the clutters are cars.
· (Roof-top bouncing) the clutters are rooftops of lower buildings.
Assume an indoor UE is on the nfl-th floor and denote N as the total number of floors of builds in the environment, where N = 4, 5, …, 8.  If nfl <= min(N) = 4, i.e. hUT < 12m, then the breakpoint can be determined by both the LOS ray and the ground bouncing ray.  In such case, it is reasonable to keep the average environment height as 1m.  If nfl > min(N), i.e. hUT > 12m, then the rays bouncing from roof-tops of buildings lower than nfl floors need to be considered.  We can simply take the average height of lower buildings as the average environment height.  

· Proposal 1: For 3D UMa, a LOS UE’s environment height hE is 1m with probability p(d, hUT), otherwise hE =  hE(hUT), where p(d, hUT) = 1 for hUT < 12m, p(d, hUT) = β for hUT > 12m; hE(hUT) = 0.5(hUT + 10.5) m.  The value of β is FFS.
Accordingly, the breakpoint distance can be defined as dBP = 4 (heNB – hE)(hUT – hE) / λ.  
In order to keep the continuity at the breakpoint, the path loss formula for LOS after breakpoint distance needs to be modified.  Since the breakpoint distance is compared with 2D distance and the 3D distance is used for path loss computation, the continuity should be kept at d0, where d02 = (dBP)2 + (heNB – hUT)2.  Denote the path loss formulas before and after the breakpoint as PL1(d) = a1 log10(d) + b1 and PL2(d) = a2 log10(d) + b2, respectively.  The continuity at d0 is achieved if a1 log10(d0) + b1 = a2 log10(d0) + b2.  If we 
· reuse the ITU path loss exponents, i.e. a1 = 22, a2 = 40, and
· reuse the ITU path loss constant before the breakpoint, i.e. b1 = 28.0 + 20 log10 fc, 
the continuity is be governed by when 

b2 = b1 + (a1 – a2) log10(d0) = 28.0 + 20 log10 fc – 9 log10[(dBP)2 + (heNB – hUT)2].
Hence, we propose the following.
· Proposal 2: The path loss formula for LOS after breakpoint distance is 

PL (d, hUT) = 40 log10(d) + 28.0 + 20 log10 fc – 9 log10[(dBP)2 + (heNB – hUT)2], for dBP < d2D < 5000 m.
2.2
Path Loss Model for 3D UMi NLOS
In RAN1#72bis, the path loss model of PLb for 3D UMa NLOS has been agreed.  The agreed path loss formula captures collectively all paths seen by the UE.  The formula also captures the linear decrement of path loss with hUT.  For the 3D UMi NLOS, we propose a similar formula to model the PLb for NLOS.

· Proposal 3: For 3D UMa, the PLb for NLOS is determined according to 

PLUMi-NLOS-3D (d, hUT) = max{PLITU-UMi-NLOS (d, 1.5) – α(hUT – 1.5), PLITU-UMi-LOS (d, hUT)}, 

the height gain α is FFS.
3 Conclusion

In summary, this contribution has made the following proposals: 
· Proposal 1: For 3D UMa, a LOS UE’s environment height hE is 1m with probability p(d, hUT), otherwise hE =  hE(hUT), where p(d, hUT) = 1 for hUT < 12m, p(d, hUT) = β for hUT > 12m; hE(hUT) = 0.5(hUT + 10.5) m.  The value of β is FFS.

· Proposal 2: The path loss formula for LOS after breakpoint distance is 

PL (d, hUT) = 40 log10(d) + 28.0 + 20 log10 fc – 9 log10[(dBP)2 + (heNB – hUT)2], for dBP < d2D < 5000 m.

· Proposal 3: For 3D UMa, the PLb for NLOS is determined according to 

PLUMi-NLOS-3D (d, hUT) = max{PLITU-UMi-NLOS (d, 1.5) – α(hUT – 1.5), PLITU-UMi-LOS (d, hUT)}, 

the height gain α is FFS.
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