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General
R4-1815935	TP to TR38.827 on scope of NR MIMO OTA
					Source: CAICT
Discussion: 

Decision: 		The document was Recommended to be approved .


R4-1814695	LS on NR ATF to include per branch relative phase UE measurement
						  CR-  rev  Cat:  () v
					Source: Keysight Technologies UK Ltd
Discussion: 
Session chair：Need to refine the wording in the second paragraph. 

Decision: 		The document was Recommended to be revised.
Performance metrics 
Contributions and proposals
	TDoc
	Title
	Source
	For
	AI
	Status

	
	Performance metrics

	R4-1814831
	Performance Metrics for FR1 NR MIMO OTA testing
	Keysight Technologies UK Ltd
	Discussion
	10.4.2
	available

	R4-1814832
	Performance Metrics for FR2 NR MIMO OTA testing
	Keysight Technologies UK Ltd
	Discussion
	10.4.2
	available

	R4-1814845
	Environmental conditions for NR MIMO OTA in FR1
	NTT DOCOMO, INC
	Discussion
	10.4.2
	available

	R4-1814962
	TP on figure of merit in FR1 and FR2 static MIMO OTA
	OPPO
	Approval
	10.4.2
	available

	R4-1814963
	Discussion on environmental conditions in FR1 MIMO OTA
	OPPO
	Approval
	10.4.2
	available

	R4-1815936
	On noise floor for FR1 MIMO OTA testing
	CAICT, SAICT
	Approval
	10.4.2
	available




	Company
	Views on Performance metrics

	Keysight Technologies UK Ltd 
R4-1814831
	This choice of metric and test conditions means TRMS is a measure of MIMO throughput at rank 2 near the noise floor of the UE. This is not a network condition where rank 2 MIMO would expect to be scheduled, but the combination of test parameters means that the result is sensitive to three important UE antenna metrics: Antenna gain, Antenna gain imbalance, Antenna correlation…It can be seen that TRMS is a hybrid metric that is influenced by both the gain of the antenna system in a similar way that SISO TRS is affected, as well as MIMO properties of the antenna which are not measured by TRS.
The use of a fixed high signal power is to better represent the operating conditions where rank 2 MIMO is more likely to be scheduled….It can be seen that the MARSS metric and test conditions are insensitive to UE antenna gain and gain imbalance and are only sensitive to antenna correlation.
The goal is to motivate discussion on which areas of future requirements definition should be prioritized in order that the value of extending radiated requirements into Rel-16 provides as much added value as possible given the need to ensure good UE design and cost-effective testing.

	Keysight Technologies UK Ltd 
R4-1814832
	At FR2 the situation will be very different since the BS antenna assumption will restrict the channel to one narrow angular spread  with cross-polarized transmission of the MIMO layers. Therefore, at FR2, there is no need to measure the correlation of the UE antennas since the test signal is highly decorrelated and the UE antennas are also assumed to be decorrelated. 

	NTT DOCOMO, INC
R4-1814845
	Proposal 1: Environmental condition of LTE MIMO OTA should be kept using as NR MIMO OTA in FR1.

	OPPO
R4-1814963
	Observation 1: The environmental conditions under discussion in FR1 is focusing on the throughput testing.
Observation 2: Interference-limited condition under discussion in NR seems to be spatial interference and coloured by in-channel frequency allocation, space and time which is different from the AWGN used in LTE SIR testing. It is not clear how this interference will be generated and implemented in the MPAC chamber or two stage method.
Observation 3: Since LTE MIMO OTA, the debate between different groups like GSMA and CTIA on the pros and cons of using noise-limited or interference-limited environmental conditions were happen but no conclusions.
Observation 4: On evaluating UE antenna efficiency and correlation performance, either test both factors at once by MIMO OTA or test by combining MIMO OTA with other test cases are feasible.
Observation 5: NR TRP/TIS study item has not been introduced in 3GPP, antenna efficiency and correlation need to be verified in MIMO OTA.
Proposal 1: Use noise-limited environment as the environmental condition in FR1 MIMO OTA.

	CAICT, SAICT
R4-1815936
	Observation 1: the noise floor in the chamber is influenced by the noise from power amplifier in the MIMO OTA system.  
Observation 2: the noise at low frequency could be much higher than high frequency, and the corresponding environment in the chamber may not be the “true” UE noise-limited condition.
Proposal 1: SIR/SNR-based environmental condition should be the 1st priority for FR1 MIMO OTA testing, UE noise-limited condition is the 2nd priority.




Discussion
Topic #1: environmental conditions decision for FR1
Table 1*. Summary of the environmental conditions for FR1 MIMO OTA:
	Parameters for consideration
	UE noise-limited 
(varied DL signal)
	Interference-limited

	
	
	SIR-based (fixed DL signal, varied AWGN)
	Other interference conditions

	DL signal level
	Low 
	High (typically 40dB higher than REFSENSE)
	?	

	Artificial Noise in the chamber
	No (ideally, only UE noise floor )
	Yes (high, ~10dB higher than UE noise-floor )
	?

	Antenna gain impacts
	High
	Low
	?

	Antenna gain imbalance impacts
	Not confirmed
	Not confirmed
	?

	Antenna correlation impacts
	High
	High
	

	UE Self-interference impacts
	High
	Low
	

	Close to UE conducted demodulation test?
	No 
	Yes
	

	MIMO Network scenario
	Edge of a cell’s coverage (typically TM2 scenario)
	High SNR with interference, closer to actual networks
	

	Performance difference of different devices
	High (typically in ~10dB, similar trend to TIS )
	Low (typically in ~3dB)
	

	Performance difference of low and high bands
	High (typically ~4dB, similar trend to TIS)
	No significant trends (typically in ~1dB)
	

	Test System implementation complexity
	Difficult to guarantee minimum noise (i.e. pure UE noise-limited) condition for different bands 
	Need to generate high DL power near maximum linear output of the system
	


*Note: this table is the brief summary of [1-8]
Question 1: whether artificial noise should be added in the environmental condition for FR1 MIMO OTA?
· Option 1: No additional noise in the chamber 
· i.e. Pure UE noise-limited environment  (OPPO, NTT DOCOMO, Orange )
· Option 2: Additional noise over UE noise floor in the chamber
· Interference-limited condition, but how to generate the noise and control the DL signal is FFS (e.g. AWGN or Directional noise? Identical weighting of noise? Fixed Noise with varied DL power or Varied DL power with fixed Noise….) (CAICT)
· Option 3: Others? 

Discussion: 
ETS：Interference limited is close to the actual network. Prefer option 2.
NTT DoComo: option 1;
KS: suggest to go with two approach, we should not make down selection at this time. The environmental condition is related to the channel models, we need to make decision based on further study.
Samsung: when does CTIA make decision on this topic?
Session chair: the FR1 MIMO OTA is not started in CTIA, it would take long time in CTIA to make decision.

Agreements: Study both of these two environmental conditions in the SI, further make down-selection base on the feedback from operators and UE vendors.

Consequent Question 1-1-1: If UE noise-limited environment is adopted, how to define the FoM?
· Option 1: re-use the FoM of LTE MIMO for NR FR1 (i.e. average 70% and average 95% of max-throughput) 
· Option 2: define new FoM for NR FR1 MIMO OTA

Consequent Question 1-1-2: If UE noise-limited environment is adopted, how to guarantee the “pure UE noise-floor” condition from 600MHz~5GHz?

Consequent Question 1-2-1: If interference-limited environment is adopted, how to define the metric?
· Option 1: Varied DL power with fixed artificial Noise (AWGN or directional)  
· Option 2: Fixed DL power with varied artificial Noise (AWGN or directional)

WF: How to define the FoM for these two environmental conditions depends on the channel models and what we need to test, suggest to focus on channel model study first.

Topic #2: TP for performance metrics
R4-1814962	TP on figure of merit in FR1 and FR2 static MIMO OTA
					38.827	  CR-  rev  Cat:  (Rel-16) v0.0.1
					Source: OPPO
Abstract: 

Discussion: 

Decision: 		The document was Recommended to be return to.

Test methods for NR MIMO OTA 
Summary of contributions and proposals
	TDoc
	Title
	Source
	For
	AI
	Status

	
	Test methods

	R4-1814833
	2D vs 3D MPAC Probe Configuration for FR1 CDL channel models
	Keysight Technologies UK Ltd
	Approval
	10.4.3.1
	available

	R4-1814834
	Extension of RTS test method from 2Rx to 4Rx and up to 7.25 GHz
	Keysight Technologies UK Ltd, GTS
	Discussion
	10.4.3.1
	available

	R4-1814835
	On Feasibility of MPAC Systems for FR2
	Keysight Technologies UK Ltd
	Approval
	10.4.3.2
	available

	R4-1815397
	Methodology for MIMO OTA FR1
	Rohde & Schwarz
	Approval
	10.4.3.1
	available

	R4-1815937
	On test methods for FR1 MIMO OTA
	CAICT, SAICT
	Approval
	10.4.3.1
	available

	R4-1814842
	Channel model and test system for NR MIMO OTA in FR1
	NTT DOCOMO, INC
	Discussion
	10.4.4
	available



	Company
	Views on test methods

	Keysight Technologies UK Ltd R4-1814833
	Observations:
· 3D modelling is recommended for FR1 MIMO OTA testing, as the models have significant dispersion of power in the elevation domain
· In non-beamforming case, an elevation sector of 30 and azimuth sector of 190 are approximately sufficient
· In one beam beamforming case, an elevation sector of 20 and azimuth sector of 70 are approximately sufficient
· In two beamforming beam case, an elevation sector of 20 and azimuth sector of 80 are approximately sufficient
· The four beamforming beam case is identical to the no-beam case as determined by CDL-C model
Conclusions:
· Sectored MPAC configuration would be more appropriate for FR1 MIMO OTA than the full 2D ring specified for LTE MIMO OTA testing. 
· The sector size in degrees is limited as analyzed above
· The number of probes required for fading emulation with an MPAC setup (similar to LTE MIMO OTA) is reasonable. Depending on the channel model and DUT size it can be, e.g., 21 dual polarized probe locations.
Proposal: Consider a 3D probe configuration for NR FR1 MIMO OTA testing in Release 16 using MPAC methodology.

	Keysight Technologies UK Ltd, GTS 
R4-1814834
	Based on above analysis, this paper shows that the RTS method is scalable for 4Rx MIMO OTA testing at 7.25GHz.  Additional isolation measurements with real UE will provide further evidence the method is robust. In conclusion, current evidence shows that the 2D rank 2 RTS systems defined for LTE can scale up to rank 4 (4Rx) and 7.25 GHz as well as providing arbitrarily complex 3D channel.
The only technical limitation for RTS is that unlike MPAC it will not be applicable to UE with active antennas. 

	Keysight Technologies UK Ltd R4-1814835
	Proposal 1: Consider an MPAC methodology for FR2 NR MIMO OTA testing in Release 16
Proposal 2: Feedback from BS vendors is requested in terms of suitable antenna configurations for FR2

	Rohde & Schwarz R4-1815397
	Proposal: Prioritize the optimization of RTS methodology to NR FR1 in the work plan.

	CAICT, SAICT 
R4-1815937
	Observation 1：“White box” approach is used for 2x2 LTE MIMO OTA testing to solve the test zone issue under high frequency bands. However, it would be difficult to define the centre of the 4x4 MIMO antenna system.
Proposal 1: RAN4 should make decision on “black box” or “white box” approach for 2x2 and 4x4 FR1 MIMO OTA testing. 
Proposal 2: MPAC with 16 probes structure is the baseline method for NR FR1 MIMO OTA testing, further optimization based on the channel model or new defined error level should be studied.

	NTT DOCOMO, INC
R4-1814842
	Proposal 1: Keep using the 2D ring structure for NR MIMO OTA in FR1 from the viewpoint of the costs, system complexity and scale of study.
Proposal 2: Consider the test system that can measure 256QAM for future extension


Open issues
Topic #1: common issues of NR FR1 MIMO OTA
· “Black box” or “white box” for FR1? (CAICT)

Discussion:
R&S: the approach is based on the test method, few impact for RTS; however, MPAC has much impact on the test zone.
KS: suggest to focus on black box approach; 

· Consider the test system that can measure 256QAM for future extension? (NTT DoCoMo)

Discussion:
NTT DoCoMo: we can further discuss this in the future when we have clear view on the test method for FR1 MIMO OTA.

Topic #2: optimization of MPAC to NR FR1
· MPAC probes configuration 
· Option 1: Consider a 3D probe configuration for NR FR1 MIMO OTA testing in Release 16 using MPAC methodology. (Keysight)
· Option 2: Keep using the 2D ring structure for NR MIMO OTA in FR1 from the viewpoint of the costs, system complexity and scale of study.( NTT DOCOMO, CAICT)
· MPAC with 16 probes structure is the baseline method for NR FR1 MIMO OTA testing, further optimization based on the channel model or new defined error level should be studied. (CAICT)

Discussion:
ETS: Z direction correlation is higher compare with XY plane. Not sure the benefits
KS: 38.901 CDL is 3D channel model, how to implement by 2D system.
Huawei: how much gain can we get from the small Z angle spread?
Spirent: before discussing the system. We need to finalize the parameters of channel models
KS: how can we simplify CDL to 2D channel model?

Below part is not treated in the ad-hoc session:
[bookmark: _GoBack] 
Topic  #3: optimization of RTS to NR FR1
· Prioritize the optimization of RTS methodology to NR FR1 in the work plan. (R&S) 
Discussion: 

Topic  #4: test methods for NR FR2 static 
Potential baseline test method?
· Proposal 1: Consider an MPAC methodology for FR2 NR MIMO OTA testing in Release 16  (Keysight)
· Proposal 2: Feedback from BS vendors is requested in terms of suitable antenna configurations for FR2  (Keysight)

Discussion: 

Channel models
Summary of contributions and proposals
	TDoc
	Title
	Source
	For
	AI
	Status

	
	Channel models

	R4-1814836
	Request for Dynamic Geometry Scenario Examples
	Keysight Technologies UK Ltd
	Approval
	10.4.4
	available



	Company
	Views on channel models 

	Keysight Technologies UK Ltd
R4-1814836
	Proposal: Feedback from UE&chipset vendors and operators is requested in terms of suitable dynamic geometry and scenarios 


Open issues
Topic #1: channel models for NR MIMO OTA (FR1 and FR2 static, 1st priority)

Topic #2: FR2 dynamic (2nd priority)  
· Feedback from UE&chipset vendors and operators is requested in terms of suitable dynamic geometry and scenarios (Keysight)
Discussion: 
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