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FR1 test methodologies 
Summary of contributions and proposals
	Tdoc
	Title 
	Views on FR1 test methods 

	Keysight Technologies UK Ltd
R4-1915077
	Channel Model Validation for FR1 MIMO OTA
	Observation 1: Options 1 and 2 correspond to extended down time and high costs to existing LTE MIMO OTA labs
Observation 2: Option 3 allows labs to quickly and cost effectively validate the spatial correlation performance
Proposal 1: Select Option 3 for NR FR1 MIMO spatial correlation validation measurements
Proposal 2: Define the reference point of validation measurement in channel model coordinate system.
Proposal 3: Adopt a non-uniform sampling approach of Option 3 to reduce measurement points and test time

	CAICT, Keysight
R4-1914996
	FR1 MIMO OTA Channel model validation results
	Observation 1: The measured PDP of FR1 CDL-C UMa channel model matches well with the simulated, and the theoretical reference. 
Observation 2: The measured Doppler power spectrum of FR1 CDL-C UMa channel model matches well with the simulated reference.

	TPs to TR38.827 for FR1 MIMO OTA

	CAICT
R4-1914976
	TP to TR 38.827 v0.5.0 on FR1 MIMO OTA test methods

	CAICT
R4-1914992
	TP to TR 38.827 v0.5.0 on channel model validation procedure

	CAICT
R4-1914994
	TP to TR 38.827 v0.5.0 on FR1 preliminary MU assessment

	Keysight Technologies UK Ltd
R4-1915074
	RTS Text Proposal for NR FR1 MIMO OTA



Main session Agreements:
 For FR1 MIMO OTA environmental condition:
-To conclude the TRMS as testing condition in the SI phase. Finalize the corresponding test procedures for TRMS in SI phase 
- Using TRMS as baseline to define the requirements in the WI. 
- If any request or interesting, defining the requirement based MARSS as second priority in the WI. 
For FR1 spatial correlation validation:
-Select Option 3 for NR FR1 MIMO spatial correlation validation measurements.

Topics 
Topic #1: Channel model validation procedure  
Finalize text proposals based on R4-1915077 and R4-1914992, 
1. Spatial correlation validation details
ETS：it’s better to remove the reference point, and define uniformly grids.
KEYSIGHT：we can remove the reference point, the steps in this paper can be tentatively agreed, and we could revisit in the future. Do we need to do the validation per band? 
ETS: if we need the reference point, 0 degree could be reference point. 
Chair: suggest to align with LTE, select 90 degree as the reference point.

Agreement: Select 90 degree as the reference point

2. Power validation

Further check the power validation procedure of LTE MIMO OTA, and finalize the text proposal in this meeting.

Topic #2: FR1 MU elements and descriptions  
Finalize text proposals based on TP R4-1914976 
Keysight: need to add signal flatness and sensitivity drift elements  
MVG: is this MU assessment based on UE-noise limited condition?
Chair: yes
R&S: how to handle channel model related MU?
Chair: channel model related error will be defined in the validation limits
ETS: not so sure about the signal flatness
KEYSIGHT: the gNodeB could pre-compensate the signal, so we need to add this element, could be FFS

Topic #4: RTS full package   
Expect full package for RTS, discussion based on R4-1915074.
Further check the TP on this topic in the reflector 

Topic #5: Other open issues for concluding FR1 work   
Discussion:
1. EVM validation procedure
Further check if this validation can be removed.
2. Quality of Quiet Zone validation procedures
ETS: current ripple test procedure at low frequency is not so good. Could provide text proposals in this meeting. 
3. Select specific bands for ripple validation
Agreements: 
Check the dipole and loop antennas frequency range in the market. Separate the frequency range of FR1 into Low, Mid and High range. Select specific frequencies for ripple validation and channel model validation. 
Spatial correlation and Quality of Quiet Zone validation shall be done for both Vertical and Horizontal. 
For PDP and Doppler validation, only Vertical validation is required.

Discussion for 2nd ad-hoc meeting: 
Table 1, Ripple and channel model validation frequency
	NR FR1 Bands 
	Range 
	Test frequency (MHz) for ripple

	n71
	Low 
	617MHz 

	n12,n17,n29,n14,n28, [n29]
	
	722MHz

	n5,n8,n18,n20
	
	836.5MHz

	n50,n51,n74
	Mid 
	1575.42MHz

	n3, n2, n25, n39
	
	1880MHz

	n1, n34, n65
	
	2132.5MHz

	n7,n30,n41,n40,n38,[n90]
	
	2450MHz

	n77,n78
	High 
	3600MHz

	n79
	
	[4700MHz] 



For ripple test, specific frequency is OK. But for channel model validation, suggest to select typical band with defined downlink centre frequency in 3GPP TS 38.508-1.
Power validation needs gNodeB working at specific band 

MVG: n79 would be an issue, so far no loop is available, only for 5.5 GHz. 
Keysight: select 1575MHz and remove square bracket 

Agreements: 
Table 1, Quality of Quiet Zone validation and channel model validation frequency
	NR FR1 Bands 
	Range 
	Test frequency (MHz) 

	n71
	Low 
	617MHz 

	n12,n17,n29,n14,n28, [n29]
	
	722MHz

	n5,n8,n18,n20
	
	836.5MHz

	n50,n51,n74
	Mid 
	1575.42MHz

	n3, n2, n25, n39
	
	1880MHz

	n1, n34, n65
	
	2132.5MHz

	n7,n30,n41,n40,n38,[n90]
	
	2450MHz

	n77,n78
	High 
	3600MHz

	n79
	
	[4700MHz] 



The frequency for n79 will be further confirmed. 
How to handle power validation for these frequencies is FFS. 

R4-1914996	FR1 MIMO OTA Channel model validation results
						  CR-  rev  Cat:  () v
					Source: CAICT
Abstract: 
Discussion: 

Decision: 		The document was recommended to be noted.
FR2 test methodologies 
Contributions for discussion
	Tdoc
	Title 
	Views on FR2 test methods 

	MediaTek Beijing Inc.
R4-1913675
	FR2 MIMO test method
	Proposal1: RAN4 approves “proposal package if Option-2 (3D sphere testing)”
Proposal2: RAN4 approves “proposal package Alt1 if Option-1 (Non-3D sphere testing)”
Proposal3: RAN4 approves “proposal package Alt2 if Option-1 (Non-3D sphere testing)”

	Sony, MVG Industries 
R4-1915045

	Views on the UE rotations and orientations in FR2 MIMO OTA test
	Observation 1: 	The spatial distribution of the MIMO channel capacity is similar to the spherical coverage of the UE antenna gain.
Observation 2: 	Further study whether it is sufficient to test MIMO OTA performance over one horizontal cut and one vertical cut.  
Observation 3:  To ensure the measured cuts are within the UE spherical coverage, the test can be started from the EIS peak direction based either on the UE RF test outcome or UE vendor declaration. 
Observation 4: 	The dynamic range at the DUT location is mainly determined by the range length of the OTA setup. 
Proposal 1:      Using the same UE antenna assumption as in FR2 UE RF discussion as a baseline to analyze the orientations for FR2 MIMO OTA static testing.
Proposal 2: 	The NR MIMO OTA test does not need to cover the whole 3D sphere. 
Proposal 3: 	Use 45 º as the step size in the test. 

	Spirent Communications
R4-1915062
	Range length and probe layout considerations in 5G NR FR2
	Observation 1: The loss difference between 75 cm range length and 1 m range length is roughly 3 dB. 
Observation 2: PSP numbers are in the same range if RL is 1 m or 75 cm.
Proposal 1: Adopt 75 cm range length to FR2 MIMO OTA test system 
Proposal 2: Agree acceptable PSP levels to start uncertainty considerations.

	Spirent Communications
R4-1915072
	Sensitivity of PSP to UE position in test volume
	Observation 1: PSP remains within ~5% window if the UE is moved 10 away from centre
Observation 2: There is a difference between channel models how they behave when UE is moved. CDL-A has steeper decrease of PSP than CDL-C vs. offset value.
Proposal 1: Agree on how much the PSP can vary yet getting comparable test results.

	Keysight Technologies UK Ltd
R4-1915075
	On UL UBF for NR FR2 MIMO OTA
	Observation 1: No DL test cases are tested with UL and/or DL UBF
Observation 2: Link antennas are generally placed in close proximity and in opposite directions of the measurement antenna(s)
Observation 3: The UL UBF for NR FR2 MIMO OTA could results in undesirable, very poor measured DL MIMO OTA performance
Observation 4: The need for UL UBF with suggested link antenna configurations is not clear and requiring the link antenna to be placed in close proximity of DL probes is too restrictive
Proposal 1: Do not require the UL UBF for NR FR2 MIMO OTA test cases at this point without closer investigations and more experience with these test cases

	Keysight Technologies UK Ltd
R4-1915078
	Channel Model Validation for FR2 MIMO OTA
	Proposal 1: Feedback is requested whether this FR2 channel model validation concept should be further pursued.

	Keysight Technologies UK Ltd
R4-1915079
	System Implementation of FR2 3D MPAC Systems
	Observation 1: For all the considered probe configurations, the PSP% obtained in the case of range length = 0.75m is clearly lower than the PSP% obtained when the range length = 1 m.   
Observation 2: The PSP% obtained with 6 or 8 probes is larger than the PSP% obtained with 4 probes. No significant improvement in PSP% can be obtained by increasing the number of probes to 10 or 12 in the 3D-MPAC system.
Observation 3: The mean PSP% obtained with 6 or 8 probes is >83%. 
Proposal 1: Proposed range length for FR2 MIMO OTA is ≥1m.
Proposal 2: The probe configuration system design metric for FR2 MIMO OTA is mean PSP%. 
Proposal 3: The proposed acceptance limit for the mean PSP% is 83%
Proposal 4: Number of probes for NR MIMO OTA is 8.

	Qualcomm Incorporated
R4-1915090
	Views on UE orientations and test positions for FR2 MIMO OTA
	Observation 1: The impact of cross-polarization isolation on MIMO performance will not be verified in EIS testing. 
Observation 2: FR2 MIMO OTA requirements are to verify the impact of antenna gain, antenna imbalance, and polarization isolation on the MIMO performance in whole sphere which is different criterion compared with EIS spherical coverage performance. 
Proposal 1: Option 2 with 3D sphere testing is preferred for FR2 MIMO OTA static testing. Large step size, e.g. >[30 degree] should be used for FR2 MIMO OTA testing. 

	Qualcomm Incorporated
R4-1915091
	Adding 64QAM RMC for NR FR2 MIMO OTA
	Observation 1: The SNR upper bound value for DFF without Noc is 24.7dB for 100MHz channel bandwidth.
Observation 2: For E-UTRA TDD, The TRMS minimum requirements difference between 70% and 95% DL throughput with the reference measurement channel is 2dB.
Observation 3: For 95% DL throughput, 64QAM RMC for FR2 is feasible with at least 4dB margin based on the Rel-15 testability study. Moreover, we can expect the maximum SNR enhancement in the OTA chamber with Rel-16 testability enhancement SI output.
Proposal: Adding below 64QAM test parameters to TR 38.827 for NR FR2 MIMO OTA.



Topic #1: FR2 system layout, distance and PSP  
R4-1915062	Range length and probe layout considerations in 5G NR FR2
						  CR-  rev  Cat:  (Rel-16) v
					Source: Spirent Communications
Abstract: 
Discussion: 
Chair: is this simulation all based on 2 beams?
KEYSIGHT: what is the RX side code-book? We never get similar results based on only 2 probes for each channel model. 0.75m is not allowed for DFF RF testing. Suggest 1m 
Spirent: good to align on the antenna pattern for probes 
ETS: suitable range length shall be defined
Decision: 		The document was recommended to be noted.


R4-1915072	Sensitivity of PSP to UE position in test volume
						  CR-  rev  Cat:  (Rel-16) v
					Source: Spirent Communications
Abstract: 
Discussion: 

Decision: 		The document was recommended to be noted.

R4-1915079	System Implementation of FR2 3D MPAC Systems
						  CR-  rev  Cat:  () v
					Source: Keysight Technologies UK Ltd
Abstract: 
Discussion: 
Spirent: 3dB link budget difference between 0.75m and 1m. not clear about 3% PSP difference on final UE performance.
KEYSIGHT: from commercial perspective, 1m is preferred. Did not know the PSP difference on UE performance
Decision: 		The document was recommended to be noted.

Agreements: 
1. The minimum range length for FR2 MIMO OTA is 0.75 m.
2. The number of probes for FR2 MIMO OTA is [8].
3. Standardize the FR2 probes layout next meeting.

KEYSIGHT: we can work with Spirent offline on the probes locations. Try to align on the simulation assumptions 

Topic #2: FR2 orientations 
2.1 3D scan approach:
Proposal 1: Option 2 with 3D sphere testing is preferred for FR2 MIMO OTA static testing. Large step size, e.g. >[30 degree] should be used for FR2 MIMO OTA testing.
Proposal package if Option-2 (3D sphere testing):
· Only 1 UE orientation shall be defined, because all 3D directions can be tested by 1 UE orientation.
· Rotation step (# or say measurement grid) is FFS; test accuracy and test time shall be considered.
· Test point exception quota is FFS while defining MIMO OTA requirement.
2.2 Non-3D scan approach:
Proposal 1: The NR MIMO OTA test does not need to cover the whole 3D sphere. 
Proposal 2: Use 45 º as the step size in the test.
Proposal3: RAN4 approves “proposal package Alt1 if Option-1 (Non-3D sphere testing)”
Proposal4: RAN4 approves “proposal package Alt2 if Option-1 (Non-3D sphere testing)”

Discussion:
Chair: for LTE, more than 2 hours for 3 orientations testing.
MVG: select cuts within EIS spherical coverage for MIMO testing
KEYSIGHT: suggest to do 3D with large steps, and analyse the CDF of all the results. Select 3D rotation as the baseline, further study in WI if 2D is enough
Apple: considering the testing time, 3D is not reasonable 
QC: the testing time depends on steps selected. 3D is better for all the UE antennas implementations 
MTK: prefer 3D, if same orientations of LTE are selected for 2D scan 
Samsung: two orientations are enough for 2D scan. If the testing time is nearly the same, we are OK with 3D
OPPO: RF testing already cover 3D performance
KEYSIGHT: 3D is easy and meaningful to define MIMO requirements. If we use constant density, the total points may be around 40, close to 2D scan of 36 points.

Agreements: 
Adopt 3D scan for FR2 MIMO OTA testing, the number of testing points is [36] with constant density scanning. 

Topic #3: UBF and RMC  
 R4-1915075	On UL UBF for NR FR2 MIMO OTA
						  CR-  rev  Cat:  () v
					Source: Keysight Technologies UK Ltd
Abstract: 

Discussion: 
R&S: agree with O2. For O3, need feedback from UE vendors. UBF is good to have for FR2 MIMO OTA testing
Spirent: suggest not to preclude this, suggest to keep this topic open.
Decision: 		The document was recommended to be noted.

R4-1915091	Adding 64QAM RMC for NR FR2 MIMO OTA
						  CR-  rev  Cat:  () v
					Source: Qualcomm Incorporated
Abstract: 
Discussion: 
Samsung: is this SNR analysis based on SISO REFSENSE?
QC: based on Rank2 
OPPO: only one requirement for FR2 MIMO OTA 
Samsung: REFSENSE is not based on 64QAM condition,. Need TE vendor confirmation 
QC: the analysis is not based on modulated signal, no impact on 64QAM. 
Keysight: 64QAM is visible. Support to add this parameter 
Spirent: link budget is difficult to achieve 
	QC: the SNR was analysed, the link budget is OK 
Keysight: the distance for FR2 MIMO OTA is 0.75m
Samsung: suggest to add a note in the TP, further down-selection is needed 
Decision: 		The document was recommended to be approved.

TP to TR38.827 on 64QAM RMC for FR2 MIMO OTA is required
· Need to add a note in the TP, further down-selection of FR2 RMC is needed

Topic #4: UE Direction of Travel for FR2 channel models
Agreements in WF R4-1904160
-For FR2, the UE direction of travel must be such that it moves in the direction of the strongest cluster with an Y degree offset, where Y is TBD, e.g. 1 deg
	-Fixing the initial phases of the subpaths is not precluded
Discussion:
Spirent: we can provide the values next meeting to define the final value of DoT for FR2

Topic #5: Quality of Quiet Zone validation procedures
Simplification based on TR38.810
Discussion:
Keysight: better to look at procedure for FR2 MIMO OTA system
ETS-Lindgren: considering from MU side, the current quiet zone procedure for FR2 testability is suggested for FR2 MIMO OTA
 Provide FR2 channel model validation procedure and quiet zone validation procedure next meeting. 

Topic #6: EVM validation procedure
[bookmark: _GoBack]Agreements: Remove EVM validation scope for FR1, keep it open for FR2 until next RAN4 meeting

Topic #7: FR2 channel model validation 
R4-1915078	Channel Model Validation for FR2 MIMO OTA
						  CR-  rev  Cat:  () v
					Source: Keysight Technologies UK Ltd
Abstract: 
Discussion: 
Keysight: There is no procedure for FR2 validation, PSP validation is different from FR1. Testing time may close to FR1 validation time
ETS-Lindgren: FR2 validation will increase the MU, compare with FR1, the validation procedure shall be carefully defined.  
Spirent: any reference contributions or paper for this procedure? 
Keysight: 2nd reference in this contribution provide much information for this approach 

Decision: 		The document was recommended to be noted.


Topic #8: others for concluding FR2 work
· FR2 test procedure, calibration, preliminary MU assessment
Discussion:
Calibration: per probe calibration, so the alignment of reference antenna with probe is important 
Test procedure: 3D scan impacts the test procedure, detailed parameters need to consider, for example sub-frames and side condition
MU assessment: define key elements and descriptions in this SI

· Study feasible SNR ranges for FR2 MIMO OTA testing
Discussion:
Chair: initial SNR analysis was done by QC in R4-1915091, example values are encouraged to be added in the TR38.827 next meeting.
Keysight: we will try to do FR2 SNR analysis for the whole MIMO OTA system next meeting
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