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	TDoc
	Title
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	TDoc on Channel models

	R4-1904052
	Effect of frequency on channel model scaling for FR1
	Rohde & Schwarz
	Approval
	10.2.4
	available

	R4-1904165
	UE MIMO OTA R16 Channel Model Validation for FR1 and FR2 
	Spirent Communications
	Approval
	10.2.4
	available

	R4-1904197
	On Channel model implementations
	Keysight Technologies UK Ltd
	Approval
	10.2.4
	available

	R4-1904550
	CDL Angle Modifications 
	Spirent Communications
	Approval
	10.2.4
	available

	R4-1904642
	Scaling of Channel Model and UE Antenna Element Pattern for FR2
	Qualcomm UK Ltd
	　
	10.2.4
	available

	Company
	Views on channel models 

	Rohde & Schwarz
R4-1904052
	Observation 1: Total angular spread in azimuth can be over 200° and total angular spread in elevation can be over 60° for certain scenarios.
Observation 2: Angular spread (both azimuth and elevation) is frequency dependent.
Proposal: Further study the frequency dependence of the scaled channel model(s), after they are downselected, in order to determine the worst case for the angular spread.

	Spirent Communications
R4-1904165
	Proposal 1: The following parameters are to be validated:
	1.- Power Delay Profile (PDP)
	2.- Narrowband Doppler Spread
	3.- Narrowband Spatial Correlation
	4.- Narrowband Correlation Matrix
Proposal 2: Reuse the methodology in [2] to validate parameters 1, 2, and 3 above.
Proposal 3: Introduce a new technique based on time-domain analysis to validate the spatial correlation, and correlation matrix.

	Keysight Technologies UK Ltd
R4-1904197
	Proposal 1: Use AS scaling procedure as described in step 2.
Proposal 2: Use AS values of tables 3 and 4 as target AS values in AS scaling.
Proposal 3: Use the fixed coupling pattern of ray angles as shown in Table 5.
Proposal 4: Use antenna arrays and beam modeling as described in step 5.
Proposal 5: Use fixed initial phase for 2×2 polarization matrices
Observation: The direction of travel and the UE speed still need to be defined.

	Spirent Communications
R4-1904550
	Proposal 1: For the denormalized and angle-scaled CDLs, the values of angles must be dithered by 1°.

	Qualcomm UK Ltd
R4-1904642
	Observation 1: The methodology of selecting rotation values in option 2 of [7] is not clear and will require a lot of discussion time before they can be agreed.
Observation 2: In FR2, arbitrarily enforcing elevation angle spread to zero may make the modified CDL model impractical.
Observation 3: In a real lab testing scenario, UE will be equipped with directional antenna element pattern. Hence, the power of the rays that are reaching the UE from outside of its main lobe will be reduced.  
Proposal 1: Option 1 of [7] should be selected, i.e., the angles should be scaled per TR 38.901 for FR2 MIMO OTA simulations.
Proposal 2: Probe placement should be decided by focusing on the beamformed power weighted mean azimuth and elevation angle of arrival and “opening” the window outwards from the mean angles to capture a desired fraction of the total power of the channel.
Proposal 3: MIMO OTA simulations assume UEs with single directional antenna element patterns.
· Use UE antenna element pattern defined in table 1.



Agreements in the Main session chairman note (for information)
Agreement: 
· 20cm shall be set as the minimum test zone size for NR MIMO OTA test methods, both FR1 and FR2. Another test zone size larger than 20cm can be further discussed. UE vendors are encouraged to provide the input on the test zone size in the future. 
· Adopt Black-box approach for NR MIMO OTA testing, the physical center of the UE shall be placed in the center of test zone, the EUT shall be completely contained within the test zone size defined by respective operating band. 
· For FR1 MIMO OTA channel model, same verification parameters with LTE (Power Delay Profile (PDP), Doppler/Temporal correlation, Spatial correlation, Cross-polarization, Power validation) and also correlation matrix is utilized to guarantee the channel model implementation. For FR2, the KPI needs further study.
· For FR1 channel model scaling purpose, 3.5GHz is used as reference frequency as we agreed in previous RAN4 meeting. 
· For system design and implementation purpose, TE vendors shall check the impact due to the increasing frequency up to 7.125GHz for FR1. 
· Criteria of defining the test zone size shall be further discussed. Introducing other test zone size other than 20cm is not precluded in the future if issues were identified. 
· The baseline emulated propagation environment for FR1 MIMO OTA is 2D without elevation modeling.  
· Companies are encouraged to provide the analysis on the comparision between 2D and 3D channel model for further enhancement of MIMO OTA testing for FR1. 
· Number of probes and placement of probes for MPAC system for FR1 and FR2 have to be standarized in the MIMO OTA SI. 

Open issues
Topic #1: Channel model  
Issue 1：How to handle the mid-paths with exactly same angular parameters (AoD, AoA, ZoD, and ZoA) 
Option 1: a simple dithering approach is needed, the values of angles of these clusters must be dithered by 1° (spirent); 
	Option 2: ? 
Discussion:
KS: similar proposal, close to 3~4 degrees, we are doing the analysis, can not fix this value at this moment; 

Agreements: Fix this value before next meeting in the NR MIMO OTA reflector 

Issue 2：How to scale channel model, options in the last WF on NR MIMO OTA
· Option 1: Scaling per TR 38.901
· Option 2: Rotate AoDs/ZoDs and scale to CDL-A and CDL-C using the methods in 38.901 (section 7.7.5.1) to make them fit the median values in 38.901 Table 7.5-6 for the accepted scenarios.
QC: we are OK with Option 2; just need the clarification that the rotation stated in the option 2 is only for the 3 same angle clusters in CDL models.

Agreement: Scaling the channel model based on Option 2:

Issue 3：Detailed steps on scaling
				Proposals in Keysight contribution R4-1904197

Discussion: 
QC: Eq2 is utilized for each ray? Where does Table 5 come from? The table5 is related to the correlation of the channel model. Low correlation or high correlation?
Spirent: support the proposals in this contribution to be tentatively approved, we can generate the final channel model next meeting. 
R&S: in general, the procedure is OK. We need to check the final model next meeting.

Agreements: adopt the procedure in contribution R4-1904197 as the baseline for channel model scaling, and provide the final channel model table next meeting. The values in the paper are tentatively agreed as baseline for simulation.

Issue 4：For FR1, how to scale the channel model to 2D
	
Agreements: Set all ZoAs in the channel model to be 90o, ZoDs should retain 3D characteristics after scaling.
	
Issue 5：Final channel model- next steps
	Proposal: provide final channel model next meeting based on the agreed scaling procedure
Example Table format, CDL model
	Cluster #
	Normalized delay
	Power in [dB]
	AOD in [°]
	AOA in [°]
	ZOD in [°]
	ZOA in [°]

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
	
	
	
	
	
	

	6
	
	
	
	
	
	

	7
	
	
	
	
	
	

	8
	
	
	
	
	
	

	9
	
	
	
	
	
	

	10
	
	
	
	
	
	

	11
	
	
	
	
	
	

	12
	
	
	
	
	
	

	13
	
	
	
	
	
	

	14
	
	
	
	
	
	

	15
	
	
	
	
	
	

	16
	
	
	
	
	
	

	17
	
	
	
	
	
	

	18
	
	
	
	
	
	

	19
	
	
	
	
	
	

	20
	
	
	
	
	
	

	21
	
	
	
	
	
	

	22
	
	
	
	
	
	

	23
	
	
	
	
	
	

	Per-Cluster Parameters

	Parameter
	cASD in [°]
	cASA in [°]
	cZSD in [°]
	cZSA in [°]
	XPR in [dB]

	Value
	
	
	
	
	




Agreements: encourage companies to share the resulting channel model table in the NR MIMO OTA reflector before next RAN4 meeting. Suggested order is CDL-A with UMi and CDL-C with UMa for FR1. 

Issue 6：How to further simplify the channel model- for next steps
	Option 1: Select 90% of total power (Choose strongest paths that contribute to 90% of total power) 
	Option 2: By limiting the power range (10, 20 or 30dB) 
		Others?
This topic will be discussed based on the final channel model table next meeting. 

Topic #2: Channel models parameters 
Issue 1：Do we need to define FR2 UE Antenna Element Pattern?
FR2:
Option 1: Use UE antenna element pattern defined in table 1; 
Table 1: UE Antenna element pattern (modified from [10])
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	


	Antenna element horizontal radiation pattern (dB)
	



	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	5 dBi

	(Mg, Ng, M, N, P)
	(1, 1, 2, 2, 2) (1,1,1,1,2)

	(dv, dh)
	(0.5λ, 0.5λ)



Discussion: 
KS: We have different results for Fig.1 and Fig.2. 1x1 antenna pattern for FR2 UE is not sufficient. 
MTK: there will be difference between the assumption in this paper and an actual UE.
R&S: for PSP, the UE antenna pattern is needed just for checking the channel implementation. 
QC: The reason of 1x1 is to avoid removing the clusters.

Check the proposal: 4x1 dual-pol UE antenna pattern assumption for FR2. This FR2 UE antenna assumption will be decided in this week.

Issue 2：UE speed	 and direction of travel 
	Proposal: FR1: 30km/h; FR2: 3 km/h for In Door and 12 km/h for UMi;
QC: several options of speed for FR2 was agreed for Rel-15 demod.
MTK: why we need to limit the options?
KS: prefer only one speed for each scenario of FR2;

UE Direction:
Proposal 1: UE direction should be chosen as  for generating channel model, where vector  is defined in equation (1).
Proposal 2: UE direction of travel must be picked in a way that does not align with any of the cluster AoAs, to insure statistical convergence of the fading models.

Spirent: We support option 2. Suggest to re-use the direction of UE for LTE MIMO OTA. 
QC: need to check the value for FR2, will finalize this value in this week.

Agreements: [120] degree for FR1, for FR2 UE direction needs further check in this meeting.

Issue 4：Frequency dependence of the scaled channel model 
Proposal: Further study the frequency dependence of the scaled channel model(s), after they are downselected, in order to determine the worst case for the angular spread.
Discussion: 
R&S: We need to take care about the impacts of high frequency on scaling the channel models.
KS: would like to treat this item to be contribution driven. 


Topic #3: verification of the Channel Models 
Issue 1：Criteria of defining the test zone size 
FR1:
Proposal: spatial correlation curve with [x%] RMS error, within the agreed 20cm test zone size on each frequency band;

Issue 2：KPI of FR2 channel model 
Proposal 1; same as FR1;
Proposal 2: PAS similarity percentage (PSP) 

Potential agreements for online checking:
The same channel model parameters as FR1, e.g. PDP, Doppler, spatial correlation, Cross-polarization, power validation and PAS similarity percentage (PSP) shall be adopted for FR2. 
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