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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
At RAN#69 meeting, the study item (SI) on channel model for frequency spectrum above 6GHz was approved, cf. [1]. At 3GPP RAN1#84 meeting RAN1 started working on the SI. Discussion topics included requirements and scenarios, channel model methodology, as well as additional features. It was agreed that the targeted channel model should use the same methodology as the 3GPP-3D channel model described in TR 36.873, cf. [2].
This contribution discusses possible extensions to the current LSP modeling in order to support frequencies up to 100 GHz while fulfilling the necessary frequency consistency. Here, LSP modeling means the modeling of the 7 large-scale parameters (LSPs), i.e. delay spread (DS), azimuth spread of arrival/departure (ASA/ASD), elevation spread of arrival/departure (ESA/ESD), K-factor (KF), and shadow fading (SF). A generic frequency-dependent offset on mean and standard deviation is proposed and initial parameters are presented.
2. Delay Spread
Literature results indicate a trend towards smaller mean DS values at higher frequencies. Since there are only a few literature results available, we do not distinguish between shopping mall, office and cafeteria, but propose to use the same values in all indoor scenarios for an initial model. The frequency-dependency of the DS could therefore be modelled by
[bookmark: _GoBack].
The parameter represents the mean DS (in logarithmic scale relative to 1s) at 1 GHz,  adds a frequency-dependent offset to the mean value, while  is the standard variation of the DS. 
The following table shows plausible values for the above model based on measurement results at 10, 25, 40, 55, and 70 GHz.
	Scenarios
	UMi Street Canyon
	Indoor

	
	LOS
	NLOS
	LOS
	NLOS

	
	O2O
	O2I
	O2O
	O2I
	
	

	
	
	-7.1
	-6.8
	-6.9
	-7.3

	
	
	-0.75
	-0.43
	-0.6
	-0.2

	
	
	0.38
	0.36
	0.23
	0.18


3. Azimuth Spread of Departure
The literature results do not indicate a strong dependency of the mean ASD on the frequency in UMi scenarios. However, it seems that the ASD variance increases with increasing frequency. Also, [3] reported very low values for UMi-LOS at 28 GHz (0.4°) which seem unrealistic when compared to other results. Therefore, those values have not been considered in the evaluation. The frequency-dependency of the ASD could be modelled by additional frequency-dependent offsets to the mean and standard deviation of the ASD as in the following:


The following table shows plausible values for the presented model.
	Scenarios
	UMi Street Canyon
	Indoor

	
	LOS
	NLOS
	LOS
	NLOS

	
	O2O
	O2I
	O2O
	O2I
	
	

	
	
	1
	1.25
	1.8
	1.76

	
	
	0
	0
	-0.2
	-0.05

	
	
	0.35
	0.14
	0.23
	0.3

	
	
	0.15
	0.13
	0
	-0.1


4. Azimuth Spread of Arrival
Similar to the ASD model, the frequency-dependent ASA is modelled by additional parameters  and . Generally, the mean value of the ASA decreases while the ASA variance increases with increasing frequency. This seems to be well in line with the results for the DS. The extracted parameters are shown in the following table.
	Scenarios
	UMi Street Canyon
	Indoor

	
	LOS
	NLOS
	LOS
	NLOS

	
	O2O
	O2I
	O2O
	O2I
	
	

	
	
	1.75
	1.8
	1.82
	1.71

	
	
	-0.4
	-0.25
	-0.18
	-0.07

	
	
	0.14
	0.11
	0.25
	0.16

	
	
	0.14
	0.14
	0
	0


5. Zenith Spread of Departure
For the ZSD we propose the same model as before using the following parameters.
	Scenarios
	UMi Street Canyon
	Indoor

	
	LOS
	NLOS
	LOS
	NLOS

	
	O2O
	O2I
	O2O
	O2I
	
	

	
	
	0.55
	0.57
	0.86
	1.14

	
	
	-0.15
	-0.1
	0
	-0.14

	
	
	0.18
	0.52
	0.29
	0.22

	
	
	0.32
	0
	0
	0


6. Zenith Spread of Arrival
As for the other LSPs, the frequency dependency is included by additional parameters  and . The extracted parameters are shown in the following table.
	Scenarios
	UMi Street Canyon
	Indoor

	
	LOS
	NLOS
	LOS
	NLOS

	
	O2O
	O2I
	O2O
	O2I
	
	

	
	
	0.66
	0.93
	1
	1.29

	
	
	0
	-0.12
	0
	-0.37

	
	
	0.4
	0.4
	0.3
	0.25


7. K-factor
There are only few results for the K-factor available in the literature. In addition, those results are not very conclusive, e.g. the reported values for the indoor scenario range from -2.5 to 8 dB. Hence, we propose to use average values and not to model the frequency dependency. A possible distance-dependency of the KF is not part of the existing models; however, it will be evaluated once additional measurement results are available. The extracted parameters for the KF model are shown below.
	Scenarios
	UMi Street Canyon
	Indoor

	
	LOS
	NLOS
	LOS
	NLOS

	
	O2O
	O2I
	O2O
	O2I
	
	

	
	
	8.8
	-100
	3.2
	-100

	
	
	4
	0
	4
	0


8. Shadow Fading
Motivated by [3], we propose a frequency-dependent shadow-fading in between 8 and 10 dB for the UMi-O2I, which results in the following model

and the following parameters

	Scenarios
	UMi Street Canyon
	Indoor

	
	LOS
	NLOS
	LOS
	NLOS

	
	O2O
	O2I
	O2O
	O2I
	
	

	SF in dB
	
	3.1
	5.7
	7.8
	5.7
	3.0
	7.5

	
	
	0
	2.3
	0
	2.3
	0
	0



9. Conclusion
In this contribution, a generic frequency-dependent offset on mean and standard deviation for the LSP modeling as well as initial parameters were presented. This extension is compatible with the current 3GPP channel model methodology and fulfills the necessary frequency consistency.
Proposal: Consider the proposed frequency-dependent offset on mean and standard deviation for the LSP modeling.
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