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	TDoc on Channel models

	R4-1907991
	NR FR1 MIMO OTA environment condition
	MediaTek Beijing Inc.
	Approval
	11.2.3.1
	available

	R4-1908019
	Further views on FR1 MIMO OTA testing conditions
	Apple Inc.
	Discussion
	11.2.3.1
	available

	R4-1908421
	On NR FR1 MPAC Probe Layout
	vivo
	Approval
	11.2.3.1
	available

	R4-1908870
	Discussion on environmental condition for NR MIMO OTA in FR1
	NTT DOCOMO, INC.
	　
	11.2.3.1
	available

	R4-1909087
	About MIMO OTA system layouts
	OPPO
	Approval
	11.2.3.1
	available

	R4-1909088
	TP to TR 38.827 v1.0.1 on test zone size
	OPPO
	Endorsement
	11.2.3.1
	available

	R4-1909579
	Environmental conditions for NR FR1 MIMO OTA
	Qualcomm Incorporated
	Approval
	11.2.3.1
	available

	R4-1909728
	System implementation of FR1 2D MPAC
	Keysight Technologies UK Ltd
	Approval
	11.2.3.1
	available

	Company
	Views on channel models 

	MediaTek Beijing Inc
R4-1907991
	Observation1: 3GPP defines “UE noise-limited” for LTE MIMO OTA, and defines “UE noise-limited” as baseline for NR FR2
Observation2: UE antenna and RF front-end are generally cross-RATs design. 
Observation3: UE noise-limited” condition can present more comprehensive UE performance.
Observation4: If “UE noise-limited” condition is selected and MIMO OTA is must in the future, it has larger chance to keep same UE test coverage but less OTA test time.
Proposal: Select UE noise-limited environmental condition for FR1 NR MIMO OTA

	Apple Inc.
R4-1908019
	Proposal 1: Companies are encouraged to provide measured data for the next meeting to help determine the best environment test conditions to evaluate MIMO performance of UEs, including design factors such as antenna envelope correlation, MIMO conditioning, and MIMO decoder performance. 
Proposal 2:  Based on the technical analysis of the merits of an SNR controlled test environment in LTE MIMO OTA, practical experience with MIMO performance evaluation, and a strong desire to harmonize the conformance certification ecosystem for FR1 MIMO OTA, it is proposed to adopt the SNR control method as the testing condition applicable to the FR1 MIMO OTA test setup.

	vivo
R4-1908421
	Proposal 1: adopt 16 probes ring for NR FR1 MPAC system.
Proposal 2: study how to deal with the cases where rms spatial correlation error is relatively large e.g. 7.125GHz CDL-A (UMi).  Possible solutions include: accept lager error for those cases, simplify channel model etc.

	NTT DOCOMO, INC
R4-1908870
	Proposal : Considering the comprehensive MIMO performance including the antenna gain, the UE noise-limited condition should be used in NR MIMO OTA in FR1.

	OPPO
R4-1909087
	Proposal 1: 8 dual-polarized probe layout can be used as the starting point for NR MIMO OTA FR1 system. Further study the impact of this system layout to large size smart phone test results on high frequency.
Proposal 2: If problems of testing large size smart phone is justified with 8 dual-polarized probe layout, then we suggest to consider a complementary enhanced system like 16 dual-polarized probe layout for the large size smart phone testing. In total, two layouts can be defined in the NR MIMO OTA, one is 8 dual-polarized probe layout, the other is 16 dual-polarized probe layout.

	OPPO
R4-1909088
	The minimum test zone size for small UE types like wearable device NR MIMO OTA test methods, both FR1 and FR2, can be smaller than 20cm.

	Qualcomm Incorporated
R4-1909579
	Oberservation 1: Harmonizing environmental conditions among standard organizations is benefic to industry. Considering the SI workplan and the status of other standard organizations, we should make the decision on FR1 environmental condition in 3GPP as soon as possiable.
Observation 2: Interference-limited condition is not possible to distinguish between good and bad performing devices due to low variance of the results. While noise-limited method is feasible to distinguish the differences between devices and bands.
Observation 3: Switching between noise-limited and interference-limited in MPAC might introduce more complexity and uncertainty for the testing. 
Observation 4: If we select hybrid condition for FR1 NR MIMO OTA, more time is needed to study the detail and run measurements which will lead to the delay of NR MIMO OTA SI. 
Proposal 1: The option of noise-limited condition is selected as the environmental condition for FR1 NR MIMO OTA.

	Keysight Technologies UK Ltd
R4-1909728
	Proposal: A maximum RMS correlation error limit needs to be agreed to finalize the minimum number of probes. Additionally, it needs to be determined whether to consider the weighted or non-weighted RMS correlation error. 
Observation: A 16-probe MPAC systems commonly deployed in test labs for LTE MIMO OTA for 3GPP MIMO OTA and CTIA MIMO OTA testing (each test plan limits the number of active probes to 8) should be applicable for LTE MIMO OTA and NR FR1 MIMO OTA testing after probe placement modifications.



Open issues
Topic #1: environmental condition for FR1 MIMO OTA 
Option 1: UE noise-limited environmental condition for FR1 NR MIMO OTA (MTK, vivo, OPPO, DOCOMO, QC); 
	Option 2: Adopt the SNR control method as the testing condition applicable to the FR1 MIMO OTA test setup (Apple); 

Discussion:
Agreements: 
Select UE noise-limited environmental condition as the baseline for FR1 NR MIMO OTA testing. 
Apple share concerns on this agreements.

Topic #2: Maximum RMS correlation error limit 
Option 1: Weighted RMS spatial correlation error of less than 0.1; 
Option 2: larger spatial correlation error?
[For information]  The RMS correlation error of LTE UMa channel model vs 8 probes is about 0.067
Discussion: 
Spirent: Weighted RMS spatial correlation error of 0.1 is too small, suggest 0.3 
Vivo: Other aspects need to be considered like cost, backward compatibility.
KS: weighted RMS of LTE should be smaller.
MVG: would like to know the relation between the RMS error and UE performance, this is something we did not know for LTE MIMO OTA. 
Chair: suggest to decide a range of the RMS error in this meeting


Topic #3: How to handle low power cluster in the channel model 
Option 1: probes implementation in the chamber should consider 100% total power of the channel model; 
Option 2: probes implementation consider [x] e.g. 90% or 95% of total power, do not generate the extreme low clusters;
[For information]  LTE MIMO OTA channel model in TR37.977 ( 6 clusters with maximum of 8.4 dB dynamic range) 
Discussion:
Spirent: the cluster will be filtered by the BS beams, then the low power cluster of the channel model will be removed.
Chair: do you need to simplify the channel model after BS filtering, for reducing the dynamic range?
Spirent: we do not need to do so

Topic #4: system layout for FR1 
Option 1: 8 dual-polarized probe layout can be used as the starting point for NR MIMO OTA FR1 system; (OPPO)
Option 2: Adopt 16 probes ring (uniformly spaced) for NR FR1 MPAC system; (vivo)
Option 3: Two layouts can be defined in the NR MIMO OTA, one is 8 dual-polarized probe layout, the other is 16 dual-polarized probe layout. (OPPO)
Option 4: Adopt sectored system layout with 8 probes for FR1 MIMO OTA, keep umiformly spaced 8 probes for LTE MIMO OTA. (keysight)


Topic #4: channel model down-selection for FR1 
Proposal: UMi CDL-A, Uma CDL-C; 
Other option:?
[For information] Agreements in WF R4-1815933
· FR1 scenarios 
· For 2x2: Urban Macro
· For 4x4: Urban Micro 
Discussion: 
Keysight: what is the technical reason for the selected channel models for down selection
Chiar: the selection of these two channel models are based on their characteristic for each scenario 
Agreements: 
Channel model for FR1 MIMO OTA testing: UMi CDL-A, Uma CDL-C; 

FR2 test methodologies 
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	R4-1907948
	Effect of range length to PSP
	Spirent Communications
	Approval
	11.2.3.2
	available

	R4-1907949
	On the probe layout on FR2 MPAC systems
	Spirent Communications
	Approval
	11.2.3.2
	available

	R4-1908020
	Verification of emulated DL signal quality for FR2 MIMO OTA
	Apple Inc.
	Discussion
	11.2.3.2
	available

	R4-1908064
	Usage of UBF for FR2 NR MIMO OTA testing
	ROHDE & SCHWARZ
	Approval
	11.2.3.2
	available

	R4-1909089
	About MIMO OTA FR2 UE positions
	OPPO
	Approval
	11.2.3.2
	available

	R4-1909172
	Views on the UE orientation and number of test points in FR2 MIMO OTA test
	Sony, MVG Industries
	　
	11.2.3.2
	available

	R4-1909729
	System Implementation of FR2 3D MPAC
	Keysight Technologies UK Ltd
	Approval
	11.2.3.2
	available

	Company
	Views on Test methods 

	Spirent Communications
R4-1907948
	Proposal 1: The 75 cm range length is enough for FR2 MPAC solution. 
Proposal 2: Agree on proper interpretation of the PSP. What level is acceptable as ‘good’ beam former performance.

	Spirent Communications 
R4-1907949
	Observation 1: Spread of the signal is wider in azimuth domain than in elevation domain. 
Observation 2: If the signal is not filtered, 90% of the energy yield very big installation.
Observation 3: There is no clusters in middle (azimuth from -70 deg to 20 deg). Clusters are wrapped with 180 degree and -180 degree. If zero azimuth is boresight, the signals enter from back.
Proposal 1: Wall structure should be 98 degrees in azimuth and 39 degrees in elevation.
Proposal 2: Use the spreading of probe locations to model spread of the cluster and select probes based on channel model.

	Apple Inc
R4-1908020
	Proposal 1: In order to ensure that the quality of the emulated signal in the test zone is aligned with the demodulation requirement assumptions, a radiated verification of the DL signal EVM is needed.
Proposal 2: Because the EVM of a faded signal cannot be defined or measured, a pass-through mode in the fader is needed to verify the EVM under the same waveform scaling conditions that are used when fading emulation is enabled.

	ROHDE & SCHWARZ
R4-1908064
	Proposal: Adopt the UE beam lock function (UBF) as required Test Interface (TI) for FR2 NR MIMO OTA methodologies.

	OPPO
R4-1909089
	Proposal 1: Using two positions like horizontal and vertical in FR2 static throughput tests.
Proposal 2: Using 45 degree (8 total positions) in FR2 static throughput tests.
Proposal 3: Using two positions and 45 degree (8 total positions) in FR2 dynamic tests.

	Sony, MVG Industries
R4-1909172
	Observation 1: Test EIS spherical coverage varies from device to device in FR2.
Observation 2: The benefit of 2D vs 3D in terms of FR2 MIMO OTA performances is unclear.
Observation 3: The SNR at the DUT location is mainly determined by the range length of the OTA setup. Max SNR level shall be defined in order to properly dimension the OTA system setup in terms of distance between DUT and measurement antennas
Observation 4: Test MIMO performance is dominated by the strongest cluster due to the spatial filter of BS. 
Proposal 1: Test the UE in FS DML, and FS DMP for FR2, rotation with limited number of test points.

	Keysight Technologies UK Ltd
R4-1909729
	Observation 4: In InO scenario, the improvement in PSP obtained by increasing number of probes (from 6 to 8) is not significant for CDL-A and CDL-C models.
Observation 5: In UMi scenario, the improvement in PSP obtained by increasing number of probes (from 6 to 8) is not significant for CDL-A. However, for the CDL-C model the PSP is improved noticeably with 8 probes when compared to 6 probes. 
Observation 6: The difference in PSP between 28GHz and 40GHz for the studied channel models, scenarios, range lengths, and DUT antenna offsets is insignificant. 
Proposal: An acceptable PSP limit needs to be agreed to determine the min. range length and number of probes for the NR FR2 MPAC system 



Open issues
Topic #1: min. measurement distance, PSP limit for FR2 MIMO OTA 
Option 1: 75 cm range length is enough for FR2 MPAC solution, with 84.0338% PSP; 
Option 2: a 75% PSP limit requires a min range length of 1m;
Option 3: others
Discussion 
MVG: Distance vs dynamic range of the system should be considered
Chair: the analysis of the PSP vs distance is not aligned between CE vendors
KS: acceptable PSP limit should be agreed first. Suggest UE vendors to do the analysis on PSP vs UE performance 
No UE vendor volunteer to do the analysis 

Topic #2: channel model down-selection for FR2 
Proposal: InO CDL-A, UMi CDL-C; 

Agreements: 
	Channel model for FR2 MIMO OTA testing: InO CDL-A, UMi CDL-C;

Topic #3: UE beam lock function (UBF)  
Proposal 1: Adopt the UE beam lock function (UBF) as required Test Interface (TI) for FR2 NR MIMO OTA methodologies; 

Discussion:
[bookmark: _GoBack]Keysight: the UBF is for Uplink or downlink
R&S: it’s only for uplink beam locking 

Below part was not treated in the MIMO OTA ad-hoc

Topic #4: Verification of emulated DL signal quality 
Proposal 1: In order to ensure that the quality of the emulated signal in the test zone is aligned with the demodulation requirement assumptions, a radiated verification of the DL signal EVM is needed.
Proposal 2: Because the EVM of a faded signal cannot be defined or measured, a pass-through mode in the fader is needed to verify the EVM under the same waveform scaling conditions that are used when fading emulation is enabled.

Topic #5: system layout for FR2 
Proposal 1: Wall structure should be 98 degrees in azimuth and 39 degrees in elevation.
Proposal 2: Use the spreading of probe locations to model spread of the cluster and select probes based on channel model. 

Topic #6: UE orientations and rotations for FR2 MIMO OTA testing  
Issue 1：Orientations  
Option 1: Using two positions like horizontal and vertical in FR2 static throughput tests; 
Option 2: Test the UE in FS DML, and FS DMP for FR2, rotation with limited number of test points

Issue 2：Rotations of UE for FR2 MIMO OTA  
Option 1: Using 45 degree (8 total positions) in FR2 static throughput tests; 
Option 2: Same rotations as FR1 MIMO OTA with 12 total positions for FR2 static testing;
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