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1
Introduction
In the RAN#69, a SID for above 6GHz channel modelling was approved in [1]. As part of the study, an e-mail discussion conducted focusing on analysis of channel modelling activities outside of 3GPP, interested scenarios, frequency bands, modelling methodologies, etc. [2]. This contribution discusses and proposes scope of channel model for additional features for above 6 GHz based on [2], [3], and [4].
2
Additional features for >6GHz Channel Model

In [3], considerations for the new channel model for above 6GHz are discussed, such as scenarios, bandwidths, extensions and additional features. Channel modelling considerations in [3] are provided in Table 1 in Appendix A for information; more details can be found in [3]. The additional features proposed in [3] seem to be well aligned with the RAN plenary email discussion [2]. Hence, it is proposed to support these additional features in the email discussion in [2] for the new channel model above 6 GHz, as also described in the requirements for new channel model in [4].
3
Conclusion

Based on discussions in clause 2, it is proposed to support the features discussed in the RAN plenary e-mail discussion [2] in the above 6 GHz channel modelling.

 Proposal 1: The following additional features should be reflected in the above 6 GHz channel model:
· Foliage, atmosphere and rain attenuations as a function of frequency

· The blockage caused by the static objects and moving objects such as human body and vehicle: The blockage attenuation generally increases with frequency

· The spatial consistency which involves the evolutionary features and the correlation of channels between adjacent UEs or links on the large and small scale. This is useful for support of massive MIMO, mobility and beam tracking ( time consistency) 

· Support of large bandwidth (possibly up to 10% of carrier frequency)

· Support of 3D beamforming with large arrays
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Appendix A:
Channel Modelling Considerations in [3]

Table 1 summarizes a review of the existing 3GPP 3D channel model [3GPP TR36.873] capabilities. A plus sign “+” means that the current 3GPP 3D channel model supports the requirement, or the necessary changes are very simple. A minus sign “-” means that the current channel model does not support the requirement. Sign “(” means that requirement is addressed in current white paper [3]. Sign “(” means that requirement will be addressed in the future version of the white paper.
This evaluation is further split into two frequency ranges: below 6 GHz and above 6 GHz.  Note that in the table, LSP stands for large-scale parameter.
Table 1. Channel Modeling Considerations
	Attribute
	Requirement
	Below
6 GHz
	Above
6 GHz
	Improvement addressed in [3]
	Comments

	#1 Scenarios 
	Support of new scenarios such as indoor office, stadium, shopping mall etc. 
	-
	-
	(
	Current 3GPP model supports
UMi and UMa 

	#2 Frequency Range 
	0.5 GHz – 100 GHz supported 
	+
	-
	(
	Current 3GPP model 2 – 6 GHz 

	
	Consistency of channel model parameters between different frequency bands 
	-
	-
	(
	E.g. shadowing, angle of departure, and in carrier aggregation 

	#3 Bandwidth 
	~100 MHz BW for below 6 GHz, 
2 GHz  BW for above 6 GHz 
	+
	-
	(
	

	#4 Spatial Consistency 
	Spatial consistency of LSPs with fixed BS 
	+
	-
	(
	LSP map (2D or 3D)

	
	Spatial consistency of LSPs with arbitrary Tx / Rx locations (D2D / V2V) 
	-
	-
	(
	Complexity issue 
(4D or 6D map) 

	
	Fair comparison of different network topologies
	-
	-
	(
	

	
	Spatial consistency of SSPs 
	-
	-
	(
	Autocorrelation of SSPs 

	
	UDN / MU Consistency 
	-
	-
	(
	Sharing of objects / clusters 

	
	Distributed antennas and extremely large arrays 
	-
	-
	(
	

	
	Dynamic channel (smooth evolution of SSPs and LSPs) 
	-
	-
	(
	Tx / Rx / scatterer mobility

Possible methods for modeling varying DoDs and DoAs are discussed in the Appendix 

	#5 Large Array Support 
	Spherical wave 
	-
	-
	(
	Also far field spherical 

	
	High angular resolution down to 1 degree 
	-
	-
	(
	Realistic PAS? 

	
	Accurate modeling of Laplacian PAS 
	-
	-
	(
	20 sinusoids problem 

	
	Very large arrays beyond consistency interval 
	-
	-
	(
	

	#6 Dual-mobility support (D2D, V2V) 
	Dual Doppler 
	+
	-
	(
	Not yet done, 
but should be easy 

	
	Dual angle of arrival (AoA)
	+
	-
	(
	Not yet done, 
but should be easy 

	
	Dual Antenna Pattern (mobile antenna pattern at both ends of the link) 
	+
	-
	(
	Not yet done, 
but should be easy 

	
	Arbitrary UE height (e.g. different floors) 
	-
	-
	(
	

	
	Spatially consistent multi-dimensional map 
	-
	-
	(
	Complexity issue 
(4D or 6D map) 

	#7 LOS Probability 
	Spatially consistent LOS probability / LOS existence 
	-
	-
	(
	

	#8 Specular Reflection 
	
	?
	-
	(
	Important in mmW 

	#9 Path Loss 
	Frequency dependent path loss model 
	+
	-
	(
	

	
	Power scaling  (directive antennas vs. omnidirectional) 
	?
	-
	(
	

	
	Multiple NLOS cases 
	?
	-
	(
	Important in mmW

	#10 Shadowing 
	Log-normal shadowing 
	+
	-
	(
	Shadow fading (SF) parameters needed for high frequency 

	
	Body shadowing
	-
	-
	(
	

	#11 Blockage 
	Blockage modelling 
	-
	-
	(
	

	#12 Cluster definition 
	3GPP 3D cluster is defined as fixed delay and Laplacian shape angular spread. 
	+
	-
	(
	It is not guaranteed that the Laplacian shape cluster is valid for mmW.

	#13 Drop concept (block stationary) 
	APs and UEs are dropped in some manner (e.g., hexagonal grid for 3GPP)
	+
	-
	(
	It is not sure if the drop concept works perfectly in mmWave. Also it is not clear how to test beam tracking, for instance.

	#14 Accurate LSP Correlation 
	Consistent correlation of LSPs is needed.
	-
	-
	(
	The current 3GPP model provides different result depending on the order of calculation (autocorrelation, cross-correlation)

	#15 Number of Paths 
	The number of paths needs to be accurate across frequency.
	+
	-
	(
	The current model is based on low frequency measurements.

	#16 Moving Environment 
	Cars, people, vegetation etc. 
	-
	-
	(
	

	#17 Diffuse Propagation 
	Specular vs. diffuse power ratio,  modeling of diffuse scattering 
	+
	-
	(
	Most mmW measurements report specular only despite the fact that diffuse exists 
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