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1. Introduction
At the RAN#69, a study item (SI) for channel modelling of frequency spectrum above 6 GHz was approved [1]. In the following RAN1#84, Stochastic methodology has been agreed as working assumption for the channel modelling for above 6GHz. Based on that, we present the consideration of large scale fading modelling from a group of companies in this paper. 
2. Modelling of Pathloss
To adequately assess the performance of 5G systems, multi-frequency path loss (PL) models, LOS probability, and blockage models will need to be developed across the wide range of frequency bands and for operating scenarios. Three PL models are considered in this paper; namely the close-in (CI) free space reference distance PL model [Andersen 1995][Rappaport 2015][SunGCW2015], the close-in free space reference distance model with frequency-dependent path loss exponent (CIF) [MacCartney 2015], and the Alpha-Beta-Gamma (ABG) PL model [Hata 1980] [Piersanti ICC2012][ [MacCartney GC2013] [MacCartney 2015]. These models are described in the following text and are then applied to various scenarios. Note that the path loss models currently used in the 3GPP 3D model is of the ABG model form but with additional dependencies on base station or terminal height, and with a LOS breakpoint. It may also be noted that the intention is to have only one path loss model (per scenario and LOS/NLOS) but that the choice is still open for discussion.
Table 1 shows the parameters of the CI, CIF, and ABG path loss models for different environments for omni-directional antennas. It may be noted that the models presented here are multi-frequency models, and the parameters are invariant to carrier frequency and can be applied across the 0.5-100 GHz band.
The CI PL model is given as [Rappaport 2015][MacCartney 2015] [SunGCW2015] 
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where f is the frequency in Hz, n is the PLE, d is the distance in meters, 
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 is the shadow fading (SF) term in dB, and the free space path loss (FSPL) at 1 m, and frequency f  is given as:
a
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where c is the speed of light.
The ABG PL model is given as:
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where  captures how the PL increase as the transmit-receive in distance (in meters) increases,  is a the floating offset value in dB,  captures the PL variation over the frequency f in GHz,, and 
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 is the SF term in dB.
The CIF PL model is an extension of the CI model, and uses a frequency-dependent path loss exponent given by:
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where n denotes the path loss exponent (PLE), and b is an optimization parameter that captures the slope, or linear frequency dependency of the path loss exponent that balances at the centroid of the frequencies being modeled (e.g., path loss increases as f increases when b is positive). The term f0 is a fixed reference frequency, the centroid of all frequencies represented by the path loss model, found as the weighed sum of measurements from different frequencies, using the following equation:
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where K is the number of unique frequencies, and Nk is the number of path loss data points corresponding to the kth frequency fk. The input parameter  f0  represents the weighted frequencies of all measurement (or Ray-tracing) data applied to the model. The CIF model reverts to the CI model when b = 0 for multiple frequencies, or when a single frequency f = f0 is modelled. For InH, a dual-slope path loss model might provide a good fit for different distance zones of the propagation environment. Frequency dependency is also observed in some of the indoor measurement campaigns conducted by co-authors. For NLOS, both a dual-slope ABG and dual-slope CIF model can be considered for 5G performance evaluation (they each require 5 modeling parameters to be optimized), and a single-slope CIF model (that uses only 2 optimization parameters) may be considered as a special case for InH-Office [MacCartney 2015]. The dual-slope may be best suited for InH-shopping mall or large indoor distances (greater than 50 m). The dual slope InH large scale path loss models are as follows:
Dual-Slope ABG model : 
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Dual-Slope CIF model:
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In the CI PL model, only a single parameter, the path loss exponent (PLE), needs to be determined through optimization to minimize the SF standard deviation over the measured PL data set  [SunGCW2015] [Sun VTCS2016][Thomas VTCS2016] [Rappaport2015]. In the CI PL model there is an anchor point that ties path loss to the FSPL at 1 m, which captures frequency-dependency of the path loss, and establishes a uniform standard to which all measurements and model parameters may be referred. In the CIF model there are 2 optimization parameters (n and b), and since it is an extension of the CI model, it also uses a 1 m free-space close-in reference distance path loss anchor. In the ABG PL model there are three optimization parameters which need to be optimized to minimize the standard deviation (SF) over the data set, just like the CI and CIF PL models [MacCartney2015][Sun VTCS2016]. Closed form expressions for optimization of the model parameters for the CI, CIF, and ABG path loss models are given in [MacCartney 2015], where it was shown that indoor channels experience an increase in the PLE value as the frequency increases, whereas the PLE is not very frequency dependent in doutdoor UMa or UMi scenarios [Rappaport 2015],[SunGCW2015],[Thomas VTCS2016],[Sun VTCS2016]. The CI, CIF, and ABG models, as well as cross-polarization forms and closed-form expressions for optimization are given for indoor channels in [MacCartney 2015].  
Table 1. CI, CIF and ABG model parameters for different environments
	Scenario
	CI/CIF Model Parameters
	ABG Model Parameters

	UMa- LOS
	n=2.0, σSF = 4.1 dB
	NA

	UMa- nLOS
	n=3.0, σSF= 6.8 dB
	=3.4, =19.2, =2.3, σSF = 6.5 dB

	UMi-Street Canyon-LOS
	n=2.1, σSF = 3.76 dB
	NA

	UMi-Street Canyon-nLOS
	n=3.17, σSF = 8.09 dB
	=3.53, =22.4, =2.13, σSF = 7.82 dB

	UMi-Open Square-LOS
	n=1.85, σSF = 4.2 dB
	NA

	UMi-Open Square-nLOS
	n=2.89, σSF = 7.1 dB
	=4.14, =3.66, =2.43, σSF = 7.0 dB

	InH-Indoor Office-LOS 
	n=1.73, σSF = 3.02 dB
	NA

	InH-Indoor Office-nLOS single slope (FFS)


	n=3.19, b=0.06, f0= 24.2 GHz, σSF = 8.29 dB
	=3.83, =17.30, =2.49, σSF = 8.03 dB

	InH-Indoor-Office nLOS dual slope 
	n1=2.51, b1=0.12, f0= 24.1 GHz, n2=4.25, b2=0.04, dBP = 7.8 m, σSF=7.65 dB
	=1.7, =33.0, =2.49, dBP = 6.90 m =4.17, σSF = 7.78 dB

	InH-Shopping Malls-LOS 
	n=1.73, σSF = 2.01 dB
	NA

	InH-Shopping Malls-nLOS single slope (FFS)


	n=2.59, b=0.01, f0= 39.5 GHz, σSF = 7.40 dB
	=3.21, =18.09, =2.24, σSF = 6.97 dB

	InH-Shopping Malls-nLOS dual slope 
	n1=2.43, b1=-0.01, f0= 39.5 GHz, n2=8.36, b2=0.39, dBP = 110 m, σSF = 6.26 dB
	=2.9, =22.17, =2.24, dBP = 147.0 m =11.47, σSF = 6.36 dB


Note: the parameters of ABG model in the LOS conditions are not mentioned for the UMa and UMi scenarios because the is almost identical to the PLE of the CI model, and also is very close to 2, which indicates free space path loss with frequency, and this is modelled in both the CI and CIF models within the first meter of free space propagation.

Another important issue related to pathloss is shadowing fading. For indoor hotspot, the distance dependency and frequency dependency were investigated for both indoor office and shopping mall. For LOS propagation condition, the frequency and distance dependency is weak. But for NLOS propagation condition, frequency and distance dependency can be observed. The results can be found in Table 2.

Table 2. Distance dependent shadowing for InH

	Scenarios
	LOS/

NLOS
	Models
	Value (dB)
	Frequency Range
	Distance Range

	Indoor office
	LOS
	CI
	3
	2.44~73GHz
	1~73m

	
	NLOS
	Singleslope
	ABG
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	Shopping mall
	LOS
	CI
	2
	2.9~63GHz
	0.5~149m

	
	NLOS
	Singleslope
	ABG
	
[image: image14.wmf])

9

10

),

(

10

log

62

.

4

min(

.

  

d


	
	2~229m

	
	
	
	CIF
	
[image: image15.wmf])

7

11

),

(

10

log

94

.

4

min(

.

  

d


	
	

	
	
	Dual

slope
	ABG
	
[image: image16.wmf])

9

),

(

10

log

49

.

2

41

.

2

min(

  

d

+


	
	

	
	
	
	CIF
	
[image: image17.wmf])

9

),

(

10

log

15

.

2

77

.

2

min(

  

d

+


	
	


Proposal-1: For LOS case, adopt CI model for UMa/UMi-Street Canyon/UMi-Open Square/Indoor office/Indoor-Shopping Malls (Details can be found in Table.4)

Proposal-2: For NLOS case, adopt either CI model or ABG model for each of UMa/UMi-Street Canyon/UMi-Open Square/Indoor office. (Details can be found in Table.4)

Proposal-3: For NLOS case, adopt either single slope or dual slope modelling for indoor office scenario. (Details can be found in Table.4)

3. Summary
In this contribution, we give our view on the large scale parameter modelling with the following proposals:
Proposal-1: For LOS case, adopt CI model for UMa/UMi-Street Canyon/UMi-Open Square/Indoor office/Indoor-Shopping Malls (Details can be found in Table.4)

Proposal-2: For NLOS case, adopt either CI model or ABG model for each of UMa/UMi-Street Canyon/UMi-Open Square/Indoor office. (Details can be found in Table.4)

Proposal-3: For NLOS case, adopt either single slope or dual slope modelling for indoor office scenario. (Details can be found in Table.4)
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