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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In the Channel Modeling Ad hoc meeting, pathloss and shadowing fading modeling were discussed [1]. For LOS propagation case and O2I propagation case, it has been agreed to adopt the research results in [2] and [3]. For NLOS propagation case, there was discussion on how to choose the ABG and CI/CIF model. Pros and cons of both models were discussed [4]. One of the concerns from member companies is to understand the background information about the measurement results and modeling procedure. 
In this contribution, the background information about the measurement results and modeling procedure for NLOS pathloss in are introduced based on the information from [5].  The selection of pathloss model is also discussed.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]2	Pathloss modeling for NLOS propagation.
1 
UMi
For UMi scenarios, the results from 10 companies and universities are summarized as in Table 1. Both measurement and ray-tracing results are included.
[bookmark: _Ref446752498]Table 1. Summary on UMi pathloss measurement results
[image: ]
[bookmark: _Ref445180277]Based on the measurement results, pathloss models were derived as in Table 2.
[bookmark: _Ref446752669]
Table 2. pathloss modeling results for UMi street canyon
	Scenarios
	Parameters
	Valid Freq [GHz]
	Valid Dist. [m]

	
	n/
	
	
	SF
	[min~max]
	[min~max]

	Street Canyon
	CI
	3.17
	N/A
	N/A
	8.09
	0.8~73
	10~959

	
	ABG
	3.53
	22.4
	2.13
	7.82
	
	



InH
For indoor hotspot, the measurement results are from 8 companies and universities as summarized in Table 3. 
[bookmark: _Ref446755322]Table 3. Summary on indoor hotspot pathloss measurement results

	Source
	Scenarios
	Frequency band(GHz)

	Aalto Univ.
	Shopping mall, LOS/NLOS
	28.5, 63

	CMCC
	Indoor office, LOS/NLOS
	14, 28

	DOCOMO
	Indoor office, LOS
	20

	Ericsson
	Indoor office, LOS/NLOS
	2.44, 5.8, 14.8, 60

	Huawei
	Indoor office, LOS/NLOS
	28, 73

	NYU
	Indoor office, LOS/NLOS
	28, 73

	Qualcomm
	Indoor office, LOS/NLOS
	2.9, 29

	
	Shopping mall, LOS/NLOS
	2.9, 29, 61

	Samsung
	Shopping mall, LOS/NLOS
	28


Based on the measurement results, pathloss models were derived as in Table 4 and Table 5.
[bookmark: _Ref446755360]Table 4. NLOS pathloss modeling results for indoor office 
	Scenario
	Parameters
	RMSE
	Freq.
	Dist.

	Indoor office
	Dual slope
	ABG
	=1.7, =33.0, =2.49, =4.17, dBP = 6.9 m
	7.78 
	2.44~73
GHz 
	1~86m 

	
	
	CIF
	n1=2.51, b1=0.12, f0= 24.1 GHz, n2=4.25, b2=0.04, dBP = 7.8 m
	7.65  
	
	

	
	Single slope
	ABG
	=3.83, =17.3, =2.49
	8.03 
	
	

	
	
	CIF
	n=3.19, b=0.06, f0= 24.2 GHz
	8.29 
	
	


[bookmark: _Ref446755361]Table 5. NLOS pathloss modeling results for shopping mall
	Scenario
	Parameters
	RMSE
	Freq.
	Dist.

	Indoor office
	Dual slope
	ABG
	1=2.9, 1=22.17, 2.24, 2=11.47, dBP = 147.0 m
	6.36
	2.9~63
GHz 
	2~229m  

	
	
	CIF
	n1=2.43, b1=-0.01, f0= 39.5 GHz, n2=8.36, b2=0.39, dBP = 110 m 
	6.26 
	
	

	
	Single slope
	ABG
	
	6.97 
	
	

	
	
	CIF
	n=2.59, b=0.01, f0= 39.5 GHz  
	7.40 
	
	


UMa
For UMa, the results for both industry and academy are included, the frequency bands for both below 6GHz and above 6GHz band are covered. Both measurement and ray-tracing results are adopted to derive the final results.
Table 6. NLOS pathloss modeling results for UMa street canyon
	Scenarios
	Parameters

	
	n/
	
	
	SF

	UMa
	CI
	3.0
	N/A
	N/A
	6.8

	
	ABG
	3.4
	19.2
	2.3
	6.5


3	Considerations on model selection
For model selection, following aspects should be considered:
· Accuracy of the model
For ABG model, it can improve the modeling accuracy and reduce the Shadowing/RMSE during model fitting. 
· Backward compatibility with existing models
For current pathloss model used in 3GPP and ITU, it is mainly ABG model. 
· Consideration on model robustness 
A robust model should be stable when new data introduced. For CI/CIF model, since it is anchored to fixed point FSPL(f, d0) with d0=1m, when data sample is limited, the robustness of CI/CIF model is better. But when data samples are abundant, considering the number of data source, both CI and ABG can provide robust performance.
· Physics behind
For CI model, one thing should be further investigate is the anchor point of FSPL(f, d0) with d0=1m. It is still not clear about the physics for 1m reference distance. Furthermore, there are diffraction loss, vegetation loss and blockage loss of the office furniture in the actual NLOS environment and these losses have own frequency dependency which is not like frequency dependency of free space loss which is utilized in CI model. Therefore, it is not appropriate to use CI model which cannot reflect these influences.
Based on the considerations above, and the shadow fading modeling in [1], Ii is proposed to adopt the pathloss model in table below as working assumption for NLOS propagation.
[bookmark: _Ref446756752]Table 6. proposed pathloss model for NLOS propagation
	Scenarios
	Pathloss (dB), d in m and f in GHz
	σSF(dB) d in m and f in GHz

	UMa
	

	6.5

	UMi
	Street canyon
	

	7.8 
0.8~73GHz, 10~959m 

	InH
	Indoor office
	Opt.1
	

	

2.44~73GHz, 1~86m

	
	
	Opt.2
	

	

2.44~73GHz, 1~86m

	
	Shopping mall
	Opt.1
	

	

2.9~63GHz, 2~229m 

	
	
	Opt.2
	

	

2.9~63GHz, 2~229m 



Proposal 1: for NLOS propagation case, the pathloss model in Table 6 should be adopted as working assumption.
Proposal 2: The inclusion of path loss dependency on the UE and eNB height similar to that in the 3D SCM model should be further considered
Proposal 3: The consistency with the 3D SCM model for below 6 GHz should be further considered
4	Conclusion
In this contribution, the NLOS propagation pathloss modeling has been discussed. Based on the considerations for model selection, the proposal below is proposed.
Proposal 1: for NLOS propagation case, the pathloss model in Table 6 should be adopted as working assumption.
Proposal 2: The inclusion of path loss dependency on the UE and eNB height similar to that in the 3D SCM model should be further considered
Proposal 3: The consistency with the 3D SCM model for below 6 GHz should be further considered
[bookmark: _GoBack]
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