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	OPPO
R4-1910739
	Observation 1: Spatial correlation error is not an error but a difference between ideal channel model and reconstructed channel model in MIMO OTA system.
Observation 2: Current logic is if the RMS spatial correlation error to the TP performance is high then little spatial correlation error will be required in the test which leads to larger number of antenna probes will be implemented in the system.
Proposal 1: Take it as common understanding that the impact of weighted RMS correlation error on NR FR1 TP performance is marginal and what really matters is the absolute spatial correlation.
Observation 3: Spatial correlation error itself does not impact UE performance directly, instead it might has impacts on the channel model verification.
Proposal 2: The definition of spatial correlation error should focus on the impacts to the reproducibility and verification of MIMO OTA test environmental conditions.
Proposal 3: Consider using 0.2 as the starting point of weighted RMS spatial correlation error before the study outcome of spatial correlation error to the reproducibility and verification of MIMO OTA test environmental conditions.

	vivo 
R4-1910809

	Observation 1: In LTE MIMO OTA, Weighted RMS spatial correlation errors are approximately as table1 for test zone size of 1λ and 1.6λ.
Observation 2: In LTE MIMO OTA, RMS correlation errors of 0.4 in UMi has not significant impact on TP performance. The measured data throughputs have not significant difference for antenna correlations smaller than 0.4. (Whether there will be impact for bigger values than above 0.4/0.4 has not been tested.)
Observation 3: For agreed NR MIMO OTA channel model, weighted RMS correlation errors of 16 probes ring configuration are expected to be 0.1 for 3.5GHz frequency, and no more than 0.3 for the worst case of CDL-A UMi at 7.125GHz, which is less than LTE 8 probes worst value at 1.6λ (0.415).
Observation 4: 16 probes ring configuration provide better tradeoff among backward compatibility, channel implementation accuracy, generality and extendibility.
Observation 5: for the agreed NR FR1 MIMO OTA channel models, 8 probe in about 160o angle spread provide similar performance as 16 probes ring and can reduce the cost of channel emulator.
Proposal 1: Adopt option2 i.e. 16 probes ring (uniformly spaced) for NR FR1 MPAC system. Study the number of probes which is needed for each case.
Proposal 2: Start with 8 probes within 157.5 o of 16 probes ring for UMa CDL-C with 2 BS beams. The required probes number of UMi CDL-A should be less than UMa CDL-C.

	Samsung 
R4-1911403
	Observation 1:	spatial correlation error (standardized) is only partial error factor of the whole approximation.
Observation 2:	spatial correlation error (standardized) doesn’t affect the monotonicity of different UEs’ TP performance test results.
Proposal 1:	Distinguish spatial correlation error as “standardized spatial correlation error” and “implemented spatial correlation error”. For the standardized spatial correlation error which is not a random factor, its RMS error limit can be defined with a moderate value; For the implemented spatial correlation error which has direct contribution to measurement uncertainty, its RMS error limit can be defined with a relative restrict value.
Proposal 2:	for Option 1 probes configuration, LTE probes shall be reused for NR MIMO OTA test, and the angular sector shall not be too small, to avoid collision or mutual coupling of adjacent probes.
Proposal 3:	for Option 2 probes configuration, there is no issue on standardized spatial correlation error, but it is enough just to enable 8 probes within 180 angular sector for NR. 16 probes ring (uniformly spaced) shall be kept to be compatible with LTE.
Proposal 4:	Base on proposal 2 and proposal 3, Option 1 and Option 2 can be combined into one.

	Apple Inc.
R4-1911515
	Proposal 1: Use the current test methodology for LTE test scope with UE noise limited. For the re-farmed NR FR1 bands use the interference limited test methodology. This covers both the SISO performance (antenna efficiency and conducted sensitivity) as well as the MIMO specific performance for the device.
Proposal 2:  Define two test methodologies for new NR FR1 bands (>3.5GHz). The first method is interference limited for Rank 2 OTA MIMO performance evaluation and the second method is UE noise limited test case for Rank 1.
Proposal 3:  For UE that only supports NR FR1 bands, we propose interference limited test methodology for Rank 2 (spatial multiplexing) OTA performance evaluation and UE noise limited test methodology for Rank 1 (RX Diversity) with a subset of bands that covers low/mid/high frequency ranges

	Apple Inc.
R4-1911516
	Proposal 1: Reusing the existing 16 probe uniformly distributed probe layout of the 2D MPAC chambers for NR FR1 MIMO OTA performance evaluation is strongly recommended.

	Qualcomm Incorporated
R4-1911682
	Observation 1: Interference-limited condition is not possible to distinguish between good and bad performing devices due to low variance of the results. The spread among the tested smartphones is within 2dB and the deviations were within measurement uncertainty. While noise-limited method is feasible to distinguish the differences between devices and bands.
Observation 2: Antenna gain and antenna efficiency will not directly impact the required SIR to reach the particular MIMO throughput in interference-limited test condition. And interference-limited test condition is not sensitive to the antenna correlation since only a UE with highly correlated received antenna will not be able to demodulate the rank 2 MIMO signal.
Observation 3: Only MIMO performance can be verified under interference-limited test condition while  it has been tested in the demodulation test cases with conducted mode.
Observation 4: Hybrid condition has been used for FR2 OTA demodulation testing which is “virtual cable” methodology to verify the baseband performance but not antenna performance. And this test condition has similar sensitivity to the antenna metric as interference-limited test condition.
Proposal 1: The option of noise-limited condition is preferred as the test condition for FR1 NR MIMO OTA.

	NTT DOCOMO, INC.
R4-1911717
	Observation 1 : The antenna efficiency is one of the factors that determines the coverage where UE can use MIMO function and MIMO throughput performance.
Observation 2 : In the case that UE has multiple receiving antennas, the antenna that has the best performance is dominant in the result of the performance evaluation with TRS and there is a possibility to overlook the antenna that has worse performance.
Proposal : To evaluate the comprehensive antenna performance with all of the receiving antennas, FR1 MIMO OTA methodology should adopt UE noise-limited condition.

	Spirent Communications
R4-1911804
	Observation: The worst-case correlation (i.e. between adjacent elements) appears to be the key parameter for assessing the impact on MIMO capacity, regardless of the choice of channel model. This worst-case correlation is what we should pay attention to in assessing MIMO performance.
Proposal: Companies are encouraged to bring contributions that directly compute capacity from CDL channel realizations using both probe configuration options and compare to the capacity derived from an ideal channel realization.

	Keysight Technologies UK Ltd
R4-1912099
	Observation 1: While the RTZ+2 term dominates the minimum range length requirement at low frequencies, the RTZ+2D2/ term dominates the minimum range length at frequencies beyond ~2.2GHz
Observation 2: At low frequencies, it is important to consider the largest dimension of the DUT as the dimension of the radiating aperture D
Observation 3: When an effective dimension of the radiating aperture, Drad, is considered in the RTZ+2Drad2/ term, the minimum range length for RTS systems at higher frequencies becomes practical.
Proposal 1: OEMs to provide feedback on effective radiating aperture dimensions for FR1 antennas integrated in smartphone UEs with maximum dimension of 20cm
Proposal 2: Consider the range lengths in the last column of Table 2 as minimum range lengths for NR FR1 RTS MIMO systems with 20cm test zone size.

	Keysight Technologies UK Ltd
R4-1912100
	Observation 1: The weighted RMS correlation error behaviour is very similar when comparing Option 5 with Option 6. Generally, the weighted RMS correlation error is lower for Option 6 than Option 5.
Proposal 1: Base the weighted RMS correlation error for the system design purposes on Option 6 instead of Option 5.
Proposal 2: For Option 6, analyses shall use a rectangular spatial correlation sampling grid inside the disc with step size of x=y≤0.25

	Keysight Technologies UK Ltd
R4-1912101
	Observation 1: The range lengths for frequencies beyond 1GHz and especially beyond 3GHz do not seem practical for an 8-probe sectorized or 16 uniform probe configurations
Observation 2: The previous agreement that the range length for FR1 MIMO OTA is at least 2 from the edge of the test zone is not applicable for all NF FR1 frequencies given the sharp decline the weighted RMS correlation error as a function of range length.
Observation 3: The channel model has an effect on the range length
Proposal 1: Define a minimum range length other than the RTZ+2l, for NR FR1 MPAC systems, especially for systems covering just the mid to high bands, in order to guarantee consistency between different systems

	Keysight Technologies UK Ltd
R4-1912102
	Observation 1: Very small (smaller than 0.05) weighted RMS correlation errors can be observed for the LTE MIMO OTA systems for Option 6.
Proposal 1: Take the results presented in this contribution into account for NR FR1 MPAC system design aspects.

	Keysight Technologies UK Ltd
R4-1912103
	Observation 1: For the CDL-A model and 3.5GHz where the 20cm test zone size is ~2.3, the optimized 8 sectorized probe configuration clearly outperforms 16 uniform probe ring.
Observation 2 All but the 16 uniform probe configurations for the CDL-A model and 3.5GHz result in weighted RMS correlation errors below 0.1.
Observation 3: For the CDL-C model and 3.5GHz, the uniform 16 probe configuration is slightly better than optimized 8 probe sectorized probe configuration.
Observation 4: The optimized 8 probe sectorized configuration seems sufficient for both models at 3.5GHz while the 16 probe ring is not consistently below a weighted RMS correlation error of 0.1.
Observation 5: For the CDL-A model and 7.125GHz where the 20cm test zone size is ~4.8, the optimized 8 sectorized probe configuration significantly outperforms the 16 uniform probe ring.
Observation 6: Only the 8 probe sectorized probe configuration for 7.125GHz result in weighted RMS correlation errors below 0.1 while the uniform 16 probe configurations are in excess of 0.2.
Observation 7: The NR FR1 weighted RMS correlation errors are higher than those for LTE
Observation 8: Only the 8 sectorized probe configuration comes close to matching the LTE RMS correlation errors.
Proposal 1: Adopt the 8 sectorized probe configuration for NR FR1 MIMO OTA MPAC systems

	Keysight Technologies UK Ltd
R4-1912104
	Observation 1: Antenna separations in excess of 2.5 may be considered optimal inside the test zone for maximizing the throughput for CDL-A model.
Observation 2: Good agreement in spatial correlation between theory and SystemVue simulations can be observed 
Observation 3: The sectorized 8-probe configuration shows better alignment in TP performance with the ideal case than the uniform 16-probe configuration.
Proposal 1: Adopt the 8 sectorized probe configuration for NR FR1 MIMO OTA MPAC systems

	Spirent Communications
R4-1912290
	The methodology proposed in this contribution consists on the following:
1.- Calculate the spatial channel model according to the assumptions and channel models in [4].
a) Calculations are done for the two cases being studied, namely, Option 1 and Option 2.
2.- For each option in step 1, calculate the impulse response and channel matrix on the points specified on a disc according to [5] for a 4x4 MIMO dimension.
3.- Calculate the capacity using a generic MIMO log-det receiver for a sufficiently large number of samples to get statistical accuracy. The SNR level should be sufficiently large to allow for 4x4 operation. The numerology should be chosen such that the simulation time is manageable. This is because the number of point pairs to evaluate using Option 6 vs. using Option 5 is increased. 

	CAICT, SAICT
R4-1912384
	Proposal 1: Split FR1 MU discussion into two frequency ranges, i.e. (450MHz<f≤2.5 GHz) and (2.5 GHz<f≤6GHz), and focus on MU budget development for f>2.5GHz to accelerate the progress.

	Huawei, HiSilicon
R4-1912419
	Observation 1: the ray coverage is from 80o to 270o for the 3 strongest BS beams case, where the distribution separation is larger than 180o.
Observation 2: the sector probe layout in [1] cannot cover all the active rays if 3 strong BS beams are used.
Observation 3: the ring probe layout can cover most of the active rays if 3 strong BS beams are used.
Observation 4: Ring layout with 16 uniform probes is more flexible to emulate different number of active beams with acceptable spatial correlation error for CDL-C (UMa).  
Proposal 1: RAN4 only defines ring layout with 16 uniform spaced probes for 2D MPAC on NR FR1.

	Qualcomm
R4-1912547
	Observation 1: By scaling Shannon’s capacity equation curve with a factor of 0.75, one can make it overlap with the achievable rates through adaptive modulation and coding scheme of [4].
Observation 2: LTE MIMO OTA DL emulator used a 2x2 MIMO channel with 64 QAM and 0.4 coding rate.
· 12.2 dB SNR is required to achieve this SNR through adaptive modulation and coding scheme.
Observation 3: At 13 dB SNR, the capacity of a 2x2 DL MIMO channel with 0.5 cross-link correlation gets degraded by an additional 0.1 bps/Hz if the correlation value gets wrongly modelled as 0.6, instead of 0.5.
Observation 4: Assuming 13 dB reference SNR and 0.5 dB SNR degradation as the limit, a correlation error value of 0.3, 0.2 and 0.1 are tolerable for actual correlation values of 0.3, 0.4 and 0.65 respectively.
Observation 5: To investigate how a weighted RMS correlation error impacts overall performance, one needs to consider how the overall weighted RMS correlation error gets distributed to individual correlation error values and how they impact SNR/capacity of individual correlation points. 
Proposal 1: RAN4 uses 13 dB as the reference SNR to investigate the impact of correlation error in 2x2 MIMO capacity performance.



Open issues
Topic #1: Theoretical Weighted RMS spatial correlation error is only for system design purposes 
Proposal 1:	Distinguish spatial correlation error as “standardized spatial correlation error” and “implemented spatial correlation error”. For the standardized spatial correlation error which is not a random factor, its RMS error limit can be defined with a moderate value; For the implemented spatial correlation error which has direct contribution to measurement uncertainty, its RMS error limit can be defined with a relative restrict value.
Proposal 2: The definition of spatial correlation error should focus on the impacts to the reproducibility and verification of MIMO OTA test environmental conditions.
	
Discussion:

Comment understanding: 
The weighted RMS SC error under discussion in this SI is only for system design purposes of FR1 MIMO OTA. 
Channel model implementation limits (e.g. PDP limits, temporal correlation limits, spatial correlation limits, power validation limits…) will be discussed based on the verification procedure, which should be potentially defined in the WI phase. 

Topic #2: Options for Weighted RMS spatial correlation error simulation  
Proposal 1: Base the weighted RMS correlation error for the system design purposes on Option 6 instead of Option 5; 
Proposal 2: For Option 6, analyses shall use a rectangular spatial correlation sampling grid inside the disc with step size ofxy≤0.25
                    
Discussion:
vivo：do we need to calculate each of these points?
Keysight: yes, each points in the disc 

Agreements: 
Adopt Option 6 for Weighted RMS spatial correlation error simulation for system design purpose, analyses shall use a rectangular step size of xy≤0.25for spatial correlation sampling grid inside the disc. 

Topic #3: Weighted RMS SC error and corresponding system layout 
3.1 Weighted RMS SC error
Reference LTE RMS SC error calculation in [R4-1912102] and [R4-1910809] for information: 
[bookmark: _Ref20933424]Table 1: RMS Correlation errors for options 2 and 6 using the UMa and UMi models for LTE MIMO MPAC systems (8 uniformly spaced probes) in [R4-1912102]
	Option
	RMS Correlation Error
	Uma (1
	UMi (1

	Option 2
	Weighted
	0.045
	0.054

	Option 6
	Weighted
	0.032
	0.047



Table 2 Weighted RMS spatial correlation errors in LTE MIMO OTA in [R4-1910809] based on option 2 (Note: channel model generation without optimization techniques)
	Option 2 Weighted
	1λ 
(UMa/ UMi)
	1.6λ
(UMa/ UMi)

	8 probes ring
	0.069/0.105
	0.147/0.415

	16 probes ring
	0.003/0.004
	0.008/0.006




3.2 Impact of weighted RMS correlation error on NR FR1 TP performance
R4-1912104	End-to-end system simulations for different probe configurations
						  CR-  rev  Cat:  () v
					Source: Keysight Technologies UK Ltd
Abstract: 

Discussion: 
Vivo: in F6, the 32 probes results is the worst within 1lambda, and optimized 8 is better than ring32, do not understand. The simulation does not cover 20cm test zone size. The reference antenna for UE is not pratical for commercial UE 
PCtest: there is a large offset between F4 and F6 for 32 probes results at 2lambda
R&S: only 2 dual-pol antennas is considered, not aligned with actual UE for FR1, 2.5 antenna spacing is not enough 
Apple: agree with R&S, more samples study are needed 
Keysight: did not see simulation from UE vendors, we are not UE vendor, specific parameters are selected, 4 layers for simulation. 
Vivo: we share results of LTE mimo Ota to show the small difference between different system.
Keysight: to vivo, only limited number of devices for testing, can not give us clear conclusion. 

Decision: 		The document was recommended to noted.

R4-1912547	Impact of Correlation Mismatch in MIMO Capacity
						  CR-  rev  Cat:  () v
					Source: Qualcomm
Abstract: 

Discussion: 
PCtest: the SNR is pretty low compare with actual SNR for MIMO OTA testing.
QC: any common understanding of SNR for different environmental condition of SIR and UE-noise limited.
PCtest: for SIR, the reference could be 20~26dB. For UE-noise limited, it is difficult to control the SNR
Decision: 		The document was recommended to noted.


3.3 Proposals on FR1 MPAC system layout
Proposal 1: Adopt option2 i.e. 16 probes ring (uniformly spaced) for NR FR1 MPAC system. (vivo, Apple, Huawei, CMCC, OPPO, Samsung, DocoMo)
Proposal 2: Adopt the 8 sectorized probe configuration for NR FR1 MIMO OTA MPAC systems. (Keysight)
Proposal 3:	Combine option 1 and 2, keep 16 porbes ring (uniformly spaced) for backward compatibility, and enable 8 probes within 180 angular sector for NR. (Samsung, vivo)

Discussion:
Vivo: suggest to remove P3, this is included in the P1
Samsung: suggest to add sub-bullet in P1, if we remove P3, we should address the active probes
Keysight: we have the answer of how many probes in each options. If you are interested in R&D and other test cases, should use all the 16probes with CE ports
Spirent: need to consider the spatial interference condition testing of NR MIMO OTA 
Vivo: 16 probes ring is easy for upgrade purpose compared with sectorized approach
Keysight: there is no technical results to show 8 of 16 probes ring can be used for FR1 MIMO OTA
Vivo: 99% power can be generated by 8 probes in 16 ring based on the paper from Keysight.
R&S: the 99% can be generated is based on the specific SNR range selection. Suggest to focus on 16 ring discussion
Samsung: 8 of 16ring is kind of sectorized solution, should be considered.
Keysight: we did not simulate the half of the 16 ring configuration in our paper 
Vivo: the results in R4-1909728 show good results of 8 probes with 99% power range
Keysight: the probes in that paper is not uniformly spaced 
CMCC: support P1 to use 16 uniformly spaced ring configuration, further study the probes location for different channel model, suggest to focus on whether to use 16 ring or sectorized configuration.
Apple: not just about cost, when we select 16 uniformly spaced ring, flexibility of the 16 ring system is also important for UE vendors 
Huawei: sectorized configuration is only for specific channel models, in practical, UE may use more beams from BS side, then the sectorized configuration is not enough 
Samsung: agree with CMCC and Huawei, support P1 
Keysight: we did not see technical reason for selecting P1, 16 probes ring is only based on many reasons not technical.  

Agreements: 
Proposal 1: Adopt option2 i.e. 16 probes ring (uniformly spaced) for NR FR1 MPAC system. 

[bookmark: _Ref21085132]Table 1: NR FR1 and LTE Weighted RMS Correlation Errors (based on Option 6) in [R4-1912103]
	Channel Model
	Weighted RMS Correlation Error (Option 6)

	
	NR FR1 @3.5GHz and 2.31test zone size
	NR FR1 @7.125GHz and 4.8test zone size

	
	8 Sectorized
	16 Uniform
	[bookmark: _GoBack]8 Sectorized
	16 Uniform

	CDL-A (UMi)
	0.02
	0.12
	0.07
	0.29

	CDL-C (UMa)
	0.08
	0.08
	0.08
	0.2



Table 2: Comparison of two options (Summarized by ad-hoc Chair for discussion)
	FR1 MPAC layout
	Option1: 8 irregularly placed probes sector with 8 uniformly placed probes (hybrid system) 
	Option2: 16 uniformly spaced probes ring (upgraded uniformly spaced MPAC system)

	LTE MIMO OTA reference error (test zone 1) 
	0.047

	Weighted RMS Correlation Errors (channel model accuracy)
	0.08 for Uma CDL-C
0.07 for UMi CDL-A 
Low
	0.29 for UMi CDL-A
0.2 for Uma CDL-C
High

	Probes placement 
	8 irregularly placed probes with minimum probe spacing is 10

	16 uniformly spaced probes with probe spacing of 22.5


	Backward compatibility (support LTE MIMO OTA testing or not)
	Support 
	Support

	Cost 
	Low 
	High 

	validation efforts (if additional validation effort is needed )
	Yes
	No

	Architectural efforts 
	Additional infrastructure deployments
	No

	Compatibility for different environmental conditions (SIR and UE-noise limited)
	Directional noise is supported
	AWGN noise is supported

	Channel models extension capability
	Low
	High

	Impact on FR1 TP performance
	Good 
	Bad




Topic #4: min measurement distance for MPAC and RTS 
4.1 MPAC method： 
R4-1912101	Minimum Range Length for NR FR1 2D MPAC
						  CR-  rev  Cat:  () v
					Source: Keysight Technologies UK Ltd
Abstract: 

Discussion: 
Keysight: consider backward capability with SISO OTA system, around 1.2m as a minimum.
MVG: agree with KEYSIGHT, 1.2m is enough for FR1 MIMO OTA testing
Samsung: agree with KEYSIGHT proposal, but the value the should be investigated. 
Vivo: we have a former paper regarding the measurement distance for OTA, suggest value smaller than 1.35m as a minimum limit 
Chair: for certification testing the chamber is always larger than 1.2m 
Keysight: reason for changing the previous agreements is the channel model implementation issue in a short measurement distance 

Tentative agreements: 
Select 1.2m range length (i.e. from the center of the chamber to the measurement probes) as the minimum for FR1 MPAC system.
Samsung will further check this value in this meeting. 

Decision: 		The document was recommended to noted.


4.2 RTS method:
R4-1912099	Range Length Requirement for NR FR1 MIMO RTS Systems
						  CR-  rev  Cat:  () v
					Source: Keysight Technologies UK Ltd
Abstract: 

Discussion: 
Chair: for Keysight, are you suggesting different range length for different bands?
Keysight: similar to the way in CTIA, defined different range length for bands 
R&S: we are OK with this approach 
Chair: to UE vendors, are the antenna assumption in this paper reasonable? 
Keysight: the assumption is based on some feedback from the industry
OPPO: should consider the aperture of the antenna 
Keysight: for low frequency the aperture is much larger than the antenna size but for high frequency is not  
Samsung: the analysis for MPAC is aligned with the results in this paper? 
Keysight: previous analysis for MPAC was assuming the far-filed distance. 

Agreements: 
Proposal 2: Consider the range lengths in the last column of Table 2 as minimum range lengths for NR FR1 RTS MIMO systems with 20cm test zone size.

Table 2: Minimum distances between centre of QZ and measurement antenna for RTZ=10cm.
	f [GHz]
	Drad [m]
	RTZ+2Drad²/λ
	3D = 6RTZ
	RTZ+2λ
	max(RTZ+2λ,3Drad, RTZ+2Drad²/λ)

	0.41
	0.20
	0.21
	0.60
	1.56
	1.56

	0.60
	0.20
	0.26
	0.60
	1.10
	1.10

	0.70
	0.20
	0.29
	0.60
	0.96
	0.96

	0.80
	0.20
	0.31
	0.60
	0.85
	0.85

	1.00
	0.20
	0.37
	0.60
	0.70
	0.70

	1.20
	0.20
	0.42
	0.60
	0.60
	0.60

	1.40
	0.20
	0.47
	0.60
	0.53
	0.60

	1.60
	0.20
	0.53
	0.60
	0.47
	0.60

	1.80
	0.20
	0.58
	0.60
	0.43
	0.60

	2.00
	0.20
	0.63
	0.60
	0.40
	0.63

	2.20
	0.20
	0.69
	0.60
	0.37
	0.69

	2.40
	0.18
	0.64
	0.60
	0.35
	0.64

	2.60
	0.18
	0.67
	0.60
	0.33
	0.67

	2.80
	0.18
	0.69
	0.60
	0.31
	0.69

	3.00
	0.17
	0.70
	0.60
	0.30
	0.70

	4.00
	0.16
	0.75
	0.60
	0.25
	0.75

	5.00
	0.14
	0.74
	0.60
	0.22
	0.74

	6.00
	0.12
	0.68
	0.60
	0.20
	0.68

	7.00
	0.10
	0.59
	0.60
	0.19
	0.60

	7.13
	0.10
	0.58
	0.60
	0.18
	0.60



Decision: 		The document was recommended to noted.

Topic #5: MU discussion 
R4-1912384	views on MU for FR1 MIMO OTA
						  CR-  rev  Cat:  () v
					Source: CAICT, SAICT
Abstract: 

Discussion: 
Keysight:  are we going to do all the MU assessment in this RAN4 SI?
Chair: we will do the preliminary MU elements and key values discussion in RAN4 MIMO SI. 
Keysight: following the outcome in the SI, all the other MU work should be done in RAN5 
MTK: we are fine with the proposal, suggest change 2.5GHz to 2496MHz
Keysight: suggest to change the frequency to above 3GHz, this is aligned with RAN5 MU work 
R&S: from TE side, 3GHz is reasonable 
MVG: agree with Keysight and R&S
Keysight: focus on means only do >3GHz MU discussion? 

Agreements: 
Split FR1 MU discussion into two frequency ranges, i.e. (410MHz<f≤3 GHz) and (3 GHz<f≤7.125GHz), and focus on MU elements discussion to accelerate the progress.
In MIMO OTA SI, do preliminary MU element and key values discussion for both ranges. 

Decision: 		The document was recommended to noted.

Topic #6: Environmental condition discussion 
Previous agreements:
· The Environmental condition for FR1:
· Continue the discussion on the open issues for UE noise-limited and SNR controlled environmental condition until Nov RAN4 meeting.
· Select one of metrics above by the Nov RAN4 meeting 
· SI outcome will recommend the selected metric for test cases metric in the WI phase
· Companies are encouraged to provide measurement results or simulations

Proposals for this topic:
Proposal 1: The option of noise-limited condition is preferred as the test condition for FR1 NR MIMO OTA.
Proposal 2: Use the current test methodology for LTE test scope with UE noise limited. For the re-farmed NR FR1 bands use the interference limited test methodology. This covers both the SISO performance (antenna efficiency and conducted sensitivity) as well as the MIMO specific performance for the device.
Proposal 3:  Define two test methodologies for new NR FR1 bands (>3.5GHz). The first method is interference limited for Rank 2 OTA MIMO performance evaluation and the second method is UE noise limited test case for Rank 1.
Proposal 4:  For UE that only supports NR FR1 bands, we propose interference limited test methodology for Rank 2 (spatial multiplexing) OTA performance evaluation and UE noise limited test methodology for Rank 1 (RX Diversity) with a subset of bands that covers low/mid/high frequency ranges.

Discussion:
CMCC: 4Rx need to be supported for n41, the baseline environmental condition should apply for Rank4. Strongly suggest all the FR1 bands adopt the same environmental condition. Do not understand why rank1 test should be discussed, we only focus on Rank2 and rank4.
OPPO: the proposal double the test cost. Suggest only UE-noise limited for FR1
QC: agree with CMCC and OPPO, support UE noise limited 
PCtest: actual MIMO scenario, the SNR is much higher. The antenna balance and efficiency does not affect the MIMO performance. Receiver will balance the power at each port 
Samsung: we support OPPO and QC 
DocoMo: agree with OPPO and Samsung
Verizon: we agree with the observation from PCtest. We need consider SIR, need technical analysis for UE noise limited 
Apple: agree with using 1 environmental condition for FR1. But suggest SIR as the only one 
Huawei: prefer to use 1, UE noise-limited shall be used
Keysight: encourage people to check technical reason to make the decision. Should set clear next step for each proposal supporters for next meeting to make the final decision. 

Agreements:
Companies provide analysis results or measurement results next meeting to make the final decision. 

FR2 test methodologies 
Contributions for discussion
R4-1910994	On the probe layout on FR2 MPAC systems, continued
						  CR-  rev  Cat:  (Rel-16) v
					Source: Spirent Communications
Views and proposals: 
Observation 1: Spread of the signal is wider in azimuth domain than in elevation domain. 
Observation 2: If codebooks are used as probe locations, 6 probes is enough
Observation 3: PSP vary over 10% between the models and there is practically no difference between range length 75 cm and ideal.
Observation 4: Adding more probes to the strongest clusters to provide per-cluster angle spread is expected to marginally improve the PSP and more importantly lower the correlation. This idea was presented in [4] for all clusters. This contribution proposes adding per-cluster angle spread selectively. The criteria to select the clusters that get angle spread is based on power.
Proposal 1: To adopt the probe layout of figure 1.
Proposal 2: Add per-cluster angle spread to the two strongest clusters. Amount of angle spread in elevation and azimuth is FFS.

Discussion: 
Keysight: we can not agree on the proposals. Table 1 needs some clarification 
Spirent: We will revise the contribution, come back next meeting, will clarify 1 beam vs 2beams 

Decision: 		The document was recommended to noted.


R4-1911268	FR2 MIMO UE orientations and test positions
						  CR-  rev  Cat:  () v
					Source: MediaTek Beijing Inc.
Views and proposals:
Proposal1: To have general exception quota for UE orientations about final FR2 MIMO OTA pass/fail judgement, and the quota is FFS, but > 0.
Proposal2: For FR2 MIMO OTA test, only test the positions, which the main cluster group(s) direction of channel models is among UE EIRP spherical coverage %-tile definition area. The criteria of main cluster group(s) definition is FFS.
Proposal3: To have general exception quota for test positions about FR2 MIMO OTA performance index calculation, and the quota is FFS, but > 0.
After considering overall test items and exception rules would be relative, we further propose: 
Proposal4: To define default UE orientations for FR2 MIMO OTA test and general exception quota for UE orientations as one package.
Proposal5: To define default test positions for FR2 MIMO OTA test, spherical coverage criteria for test positions exception judgement, and general exception quota for test positions as one package.

Discussion: 
QC: if we adopt 3D rotation, then we do not need to define orientations for FR2 MIMO 
Sony: should make decision on the rotation or not first in this meeting. 
Apple: suggest DMP and DML for FR2 MIMO 
MTK: fine to discuss the rotation first. We also should consider exception quota for FR2 

Decision: 		The document was recommended to noted.


R4-1911807	Usage of Tx Beam Lock for FR2 NR MIMO OTA testing
					38.827	  CR-  rev  Cat:  (Rel-16) v
					Source: ROHDE & SCHWARZ
Views and proposals: 
Proposal: Adopt the usage of the Tx Only condition in the UE beam lock function (UBF) as required test condition for FR2 NR MIMO OTA methodologies.
Discussion: 
Keysight: we had offline dicussions. Is the UL beam lock optional? The UL locking will have impact on the DL beam, if the separation angel is large. 
MTK: should the UE do beamforming to the communication antenna 
Chair: lock for each step rotation?
R&S: yes. 
MVG: the link antenna is usually very bad antenna, placed in the certain position of the chamber. We should know the sufficient power for linking 
MTK: UE can choose the right beam for UL.  

Decision: 		The document was return to.


R4-1912105	System Implementation of FR2 3D MPAC Systems
						  CR-  rev  Cat:  () v
					Source: Keysight Technologies UK Ltd
Views and proposals: 
Observation 1: By using 8 probes, which are jointly optimized for UMi CDL-C and InO CDL-A models, the PSP values can be improved approximately up to 90% when the range length is 1 m and DUT-array offset is 0 cm. 
Observation 2: PSP with different DUT array offset is between 91% - 76% for InO CDL-A.

Discussion: 

Decision: 		The document was not treated.


R4-1912321	Views on the UE rotations and orientations in FR2 MIMO OTA test
						  CR-  rev  Cat:  () v
					Source: Sony, MVG Industries
Views and proposals: 
Observation 1: 	The spatial distribution of the MIMO channel capacity is similar to the spherical coverage of the UE antenna gain.
Observation 2: 	Test MIMO performance is dominated by the strongest cluster due to the spatial filter of BS in FR2. The emulated channel model can focus on the strongest cluster. 
Observation 3: 	The dynamic range at the DUT location is mainly determined by the range length of the OTA setup. 
Proposal 1: 	TE vendor shall confirm the feasibility of rotating the UE over vertical plane. 
Proposal 2: 	The NR MIMO OTA test do not need to be tested over the whole 3D sphere. 
Proposal 3: 	Further study if it is capable to test the MIMO OTA performance over one horizontal cut and one vertical cut.  
Proposal 4: 	Using 45 º as the step size in the test. 
Proposal 5: 	The UE orientation should be decided after the discussion of vertical rotation
Discussion: 
Keysight: for P1, we can confirm. 
MTK: for P3, we need to study if necessary 
QC: for P4, too early to make decision on step size, because of different UE antenna implementation. Need to consider EIS spherical coverage
CMCC: do we need to lock the beam?
Samsung: dynamic or static testing? For static, what is the difference between static and dynamic. 
Sony: we use common UE assumption for UE RF 

Decision: 		The document was return to.
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