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Introduction
In the last RAN plenary meeting, NR MIMO OTA open issues were captured in the SI status report [1]:
Remaining Open issues：
· For FR2 MIMO OTA testing methodology 
· Adding 6 probes location table in the TR
· Adding PSP and QoQz validation procedure in the TR

List of candidate target of discussion for 1st round and 2nd round 
· 1st round: make decision on 6 probes location and validation procedure. 
· 2nd round: finalize the content of TPs based on the decision of 1st round. 
Topic #1: FR2 test methods
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2004995 (Old Tdoc number R4-2003047)
	Samsung
	Observation 1: feasible SNR range should be based on non-beam-peak direction for test cases where non-beam-peak direction test is implemented. And the upper bound of feasible SNR range is determined by the worst test point where test result is taken into account by performance metric.
Proposal 1: when deciding the [xx] value for FR2 performance metric, the feasible SNR range shall be considered and guaranteed. 
Observation 2: for SNR range analysis, only one probe play the dominant role and the contribution from other probes can be ignored
Proposal 2: SNR range analysis for FR2 MIMO OTA can be based on single-probe.
Observation 3: If FR2 performance metric takes 50% test points into account, the upper bound of SNR range is 12.1dB; If FR2 performance metric takes 80% test points into account, SNR range will be even worse.
Observation 4: if FR2 performance metric takes 50% test points into account, the 64QAM RMC is very challenging; if FR2 performance metric takes 80% test points into account, the 64QAM RMC will be not feasible.
Proposal 3: when deciding the [xx] value for FR2 performance metric, DL RMC shall be considered and the required SNR for the DL RMC shall be guaranteed. It would be better to decide FR2 performance metric after RMC down selection has been done.

	R4-2003639
	CAICT
	TP to TR 38.827 v1.2.0 on general part

	R4-2003765
	CAICT
	Observation 1: Both InO CDL-A and UMi CDL-C can be simplified with the gNb filtering and the strongest cluster has almost all power of the model.
Proposal 1: Adopt the probe locations tabulated in table 2 for the FR2 3D MPAC System.
Proposal 2:  The PSP limits for InO CDL-A is 85% with range length of 0.75m and 89% with range length of 1m.
Proposal 3:  The PSP limits for Umi CDL-C is 86% with range length of 0.75m and 89% with range length of 1m.

	R4-2003837
	Qualcomm Incorporated
	Observation 1: To select RMC for WI phase, SNR range and required SNR are needed to check whether the selected RMC is feasible or not in 3D-MPAC. 
Proposal 1: RAN4 shall select the RMC for static FR2 MIMO OTA based on the simulation on the required SNR and feasible SNR in 3D-MPAC. The simulation assumptions in this paper shall be adopted.
For blocking by positioner near the pole, we have the following observation and proposals:
Proposal 2: Study the impact of blocking by positioner based on the layout of probes for FR2 MIMO OTA.
Proposal 3: If the impact is unavoidable, further study the feasibility on re-positioning method.

	R4-2003914
	OPPO
	Observation 1: more missing peak beams bring more difference value on TRMS. But the gap between 1 missing beam and 3 missing beams is significant.
Observation 2: compared with the number of missing peak beam, the sensitivity level of the missing peak beam is more considerable impact factor on average TRMS. One 20dB peak beam not captured may cause 5.74dB of TRMS difference.
Proposal: DUT with high directional radiation pattern should be carefully treated when measuring [36] points around the spherical surface.

	R4-2004382
	ROHDE & SCHWARZ
	Observation 1: The reference channel model and PSP calculation is based on the continuous 2D-Laplacian distribution of the cluster PAS.
Observation 2: The ray-based implementation is not optimal to select the probe locations and does not address the target 2D-Laplacian PAS.
Observation 3: Generic layout is not optimized for either of the channel models.
Observation 4: The 4-probe system layout proposed in Table 2-1 reduces the system complexity while showing similar performance to 6-probe systems.
Observation 5: The peak-to-peak PSP performance of the 4-probe system layout in Table 2-1 is better than that of the 6-probe system layout.
Observation 6: 3D MPAC system with 4-probe layout shown in Table 2-1 can be implemented also using IFF probes.
Proposal 1: Adopt the 3D MPAC system with 4-probe layout shown in Table 2-1 for NR FR2 MIMO OTA.

	R4-2004384
	ROHDE & SCHWARZ
	Observation 1: The range length is the major factor that improves PSP systems performance for layouts with 3 or more probes.
Observation 2: Channel model generation, validation and test procedure are the same for both DFF and IFF approaches.
Proposal 1: Adopt the IFF based system with 4 probes, using the layout in table 2-1, as the baseline test system for NR FR2 MIMO OTA. 
Proposal 2: Add an MU contribution based on the PSP validation procedure on actual test systems, using the PSP standard deviation as MU term.

	R4-2004386
	ROHDE & SCHWARZ
	TP to TR 38.827 to introduce probe layout and IFF based system

	R4-2004388
	ROHDE & SCHWARZ
	TP to TR 38.827 to introduce PSP validation MU

	R4-2004564
	Keysight Technologies UK Ltd, Spirent Communications
	TP to TR38.827: FR2 3D MPAC Probe Configuration

	R4-2004565
	Keysight Technologies UK Ltd
	Proposal 1: Finalize the PSP validation approach in the next meeting pending more progress on the PSP validation approach presented in this contribution.

	R4-2004718
	Spirent Communications, Keysight Technologies UK Ltd
	Proposal 1: Adopt the 6-probe locations proposed in this contribution for FR2 MIMO OTA.

	R4-2005560
	Spirent Communications
	Verification of FR2 PSP in MPAC system, including procedure for FR2 PSP validation

	R4-2005561
	Spirent Communications
	TP on PSP validation



Open issues summary
Sub-topic 1-1 FR2 6 probes location for 3D-MPAC system
Issue 1-1-1: FR2 6 probes location 
· Proposals 
· Proposal 1: Adopt the 6-probe locations proposed below for FR2 MIMO OTA
[image: ]

· Proposal 2: Adopt the probe locations tabulated in table below for the FR2 3D MPAC System.
	
	Shared by two models
	InO CDL-A
	UMi CDL-C

	Azimuth
	-14
	-28
	-20
	-32
	-8
	-20
	-8

	Elevation
	16
	18
	10
	10
	10
	22
	22


 
· Recommended WF
· Make decision on 6 probes location 

Issue 1-1-2: New FR2 4 probes layout 
· New 4 probes approach
· Proposal: Adopt the 3D MPAC system with 4-probe layout shown in Table 2-1 below for NR FR2 MIMO OTA.
· [bookmark: _Ref33455176]Table 2-1: Proposed probe locations
	Probe
	#1
	#2
	#3
	#4

	Absolut
	Azimuth [°]      
	129.00
	139.00
	164.00
	189.00

	
	Zenith[°]    
	72.50
	75.00
	75.00
	75.00

	 
	 
	
	
	
	

	Relative
	Azimuth [°]      
	-51.00
	-41.00
	-16.00
	9.00

	
	Elevation[°]    
	17.50
	15.00
	15.00
	15.00



· IFF based 4 probes system for FR2 MIMO OTA
· Proposal: Adopt the IFF based system with 4 probes, using the layout in table 2-1, as the baseline test system for NR FR2 MIMO OTA.
· Recommended WF
· TBA 

Sub-topic 1-2 FR2 Validation procedure 
Issue 1-2-1: PSP Validation procedures
· Proposals
· Proposal 1: Check the PSP validation procedure proposed in R4-2004565 
· Proposal 2: Check the PSP validation procedure from Spirent late contribution, in the draft folder
· Recommended WF
· Agree on framework of PSP validation procedure in the 1st round. 
Issue 1-2-2: FR2 PSP limits 
· Proposal 1:  The PSP limits for InO CDL-A is 85% with range length of 0.75m and 89% with range length of 1m.
· Proposal 2:  The PSP limits for Umi CDL-C is 86% with range length of 0.75m and 89% with range length of 1m.
· Recommended WF
· PSP is related to the probes location. PSP limits could be one criteria for channel model validation 
Issue 1-2-3: FR2 PSP MU assessment
· Proposals
· Proposal: Add an MU contribution based on the PSP validation procedure on actual test systems, using the PSP standard deviation as MU term
· Recommended WF
· Follow the same approach with FR1 channel model validation, specify channel model limits (PDP, Doppler, PSP…) in the WI phase.

Sub-topic 1-3 Performance and SNR  
Issue 1-3-1: FR2 UE performance 
· Proposals
· Proposal 1: when deciding the [xx] value for FR2 performance metric, the feasible SNR range shall be considered and guaranteed.
· Proposal 2: when deciding the [xx] value for FR2 performance metric, DL RMC shall be considered and the required SNR for the DL RMC shall be guaranteed. It would be better to decide FR2 performance metric after RMC down selection has been done.
· Proposal 3: DUT with high directional radiation pattern should be carefully treated when measuring [36] points around the spherical surface.
· Recommended WF
· TBA
Issue 1-3-2: SNR analysis of FR2 system 
· Proposals
· Proposal 1: SNR range analysis for FR2 MIMO OTA can be based on single-probe.
· Proposal 2: RAN4 shall select the RMC for static FR2 MIMO OTA based on the simulation on the required SNR and feasible SNR in 3D-MPAC. The simulation assumptions in this paper shall be adopted.
· Recommended WF
· TBA

Issue 1-3-3: FR2 UE performance impact 
· Proposals
· Proposal 1: Study the impact of blocking by positioner based on the layout of probes for FR2 MIMO OTA.
· Proposal 2: If the impact is unavoidable, further study the feasibility on re-positioning method.

Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	R&S
	Sub-topic 1-1
· Issue 1-1-1 (6 probes layout): Neither of the proposals should be agreed until further decision is made following issue 1-1-2, which shows similar performance with a reduced system complexity and can be implemented also using IFF approach, with the corresponding gain in performance.
Regarding Proposal 1 (R4-2004718), it is based on a combination of proposed layouts during RAN4#94e meeting (February 2020), so the analysis and observation 3 in contribution R4-2004382 still holds: 
Observation 3: Generic layout is not optimized for either of the channel models.
As also shown in R4-2004382 and R4-2004384, peak-to-peak and standard deviation for the PSP values over the test volume varies much depending on the probe layout, probe weights and range length. In fact, DFF based layouts in R4-2004382 and R4-2003765 show better peak-to-peak performance than the probe layouts presented during last meeting. 
Therefore, it is required to have these performance indicators (peak-to-peak and standard deviation) for the proposed layout in R4-2004718, or at least the CDF curves as provided for all other probe layouts in this and previous meeting, in order to make the full comparison between options as done in R4-2004384.
Regarding Proposal 2 (R4-2003765), considering more than 2 clusters for CDL-C has negligible impact on the PSP performance, and thus adding more probes to emulate additional clusters as described in table 1 target is superfluous. Regarding CDL-A, it is clear that only one cluster is considered but is not clear how the channel model was rotated. Therefore, the additional probe and the asymmetric layout in elevation seem to be not optimal to emulate the symmetric PAS, and it can be implicitly seen that not all 6-probes are utilized for CDL-A.
· Issue 1-1-2 (4 probes layout): as described in R4-2004382 and R4-2004384, this proposal has a number of advantages compared to the 6-probes layouts that shall be considered seriously: reduced system complexity, consistent performance between CDL-A and CDL-C in terms of PSP, implementation with both DFF and IFF approaches…
Therefore, it is proposed to do a summarized comparison between all layout proposals and methods as shown in R4-2004384.
Sub-topic 1-2
· Issue 1-2-1 (PSP validation procedure)
Regarding Proposal 1 (R4-2004565), it is not clear how this approach is to be implemented in reality and further details are required so it can be compared to proposal 2, while the approach according to Proposal 2 (late contribution from Spirent) seems way more clear and practically affordable. 
For both proposals, is it correct understanding that a single reference antenna will be placed at different positions in the test volume to simulate the single elements of the virtual array? If so:
· Is the 0.5λ the required spacing of consecutive test positions? 
· How many test positions over the test volume are required?
· What type of measurement antenna is proposed and what are the specifications (gain/directivity, HPBW…)?
· Is it required to re-orient the antenna for each of the test positions?
· Issue 1-2-2 (PSP limits): as presented in R4-2004382 and R4-2004384, there are differences on the sampled PSP per point over the test volume based on the range length, probe weights and system type. Therefore, PSP limits shall also consider PSP peak-to-peak and/or PSP standard deviation in addition to the mean PSP.
On the mean PSP limits, we consider that a joint limit for CDL-A and CDL-C is more suitable considering that both channel models are still considered for requirements definition during the WI phase. In addition, the TR 38.827 sets a “minimum range length of 0.75m”, so a mean PSP limit with different values for 0.75m and 1.00m does not make sense. 
Therefore, we propose:
· Minimum Mean PSP: 84%.
· Maximum peak-to-peak PSP: 24%.
· Issue 1-2-3 (MU assessment): as presented in R4-2004382 and R4-2004384, there are differences on the sampled PSP per point over the test volume based on the range length, probe weights and system type. Since the PSP variation will change between system implementations and introduce additional error for device testing, it seems clear to us that it should be considered in the MU budget.
Sub-topic 1-3
· Issue 1-3-1: 
· Issue 1-3-2 (SNR analysis): 
Regarding Proposal 1 (R4-2004995), we agree on the analysis that “single probe” can be taken as worst case for the SNR range analysis from TE point of view, but further simulations following Proposal 2 (R4-2003837) will give more accurate estimation.
That being said, in both cases the values from TR 38.810 SNR range calculator used as reference has to be updated to consider the worst case when DFF is assumed (i.e. 1m range length) since the values in TR 38.810 analysis considered a 0.725m range length. For example, the SNR get worse by 2.5dB due to the Free Space Path Loss when range length is increased from 0.75m to 1.00m. 
In case of further simulations, they shall also take into account the amplitude taper or variation over the test volume (e.g. maximum 2.33dB for a 0.75m DFF range length) since the UE antenna array location is not known a priori (black box approach).
It is important to notice that IFF based systems are not affected by neither of these 2 effects above.
· Issue 1-3-3 (UE performance impact): 
Regarding Proposal 1, the positioner blocking case shown in R4-2003837 is defined in principle for TRP test cases where a number of test points close to the pole cannot be measured and shall be interpolated instead. On the other hand, the re-positioning approach in TR38.810 and FR2 conformance test specifications (i.e. TS 38.521-2) is defined to ensure that signal ripple due to near field coupling effect between the antenna and fixture is minimized. The latter is an effect highly dependent on a concrete combination of DUT array panel(s) configuration, which is not known a priori due to black box approach, and an actual TE fixture. 
Therefore, we don’t see how re-positioning approach can be avoided without precluding concrete DUT array panel(s) configurations and TE fixtures.
Regarding Proposal 2, we think that current wording in TR 38.827 is sufficient to account for the effects described just above. If and when the re-positioning shall be used should be left to test system implementation.

	Keysight
	Sub topic 1-1: 
· Issue 1-1-1: General comment: While we applaud CAICT on their willingness to implement PSP simulation tools, we would like to point out that CAICT has not shown PSP simulation alignment with KS and Spirent based on R4-2002477. Our PSP simulations of the CAICT probe locations yields some slightly worse results:
	 
	Range length = 1m

	 
	CAICT simulations of R4-2003765 Probe Layout
	KS simulations of R4-2003765 Probe Layout

	 
	InO
	UMi
	InO
	UMi

	mean
	89.1
	89.4
	87.0
	87.8



· Issue 1-1-2: 
· Clarification question to R&S: Are all 4 probes used simultaneously for both channel models?
· General comment: While R&S has shown alignment with KS and Spirent for PSP based on R4-2002477 offline, R&S has not shown alignment of previously published mean PSP results
· Regarding Proposal 1 (of 4382): The WF from previous meeting (R4-2002471) already defined the number of probes to be 6. 
· Regarding Observations 1 and 2 (of 4382): The channel models are defined exactly based on actual rays, i.e. ray offsets, pairing and even initial-phases are specified. It doesn’t state anything about Laplacian cluster. Thus, the channel model implementation can be done only by using the ray-based approach. The cluster-based approach is just a simple representation of the channel model, which can provide reasonable approximation of the ray-based model in some of the cases. Thus, we would like to emphasize that our proposed ray-based approach can efficiently reproduce the characteristics of any specific channel model inside a chamber, and the probes locations found based on the ray-based approach provide the most accurate PSP values. As the model specification only defines the exact implementation on ray basis, the reference model is ray-based implementation, not Laplacian cluster model.
· Regarding Observation 3 (of 4382): The combined proposal for probe locations in R4-2004718 is optimized for both channel models
· Regarding Observation 4 (of 4382): we simulate worse performance of the proposed 4-probe configuration:
	 
	Range length = 1m

	 
	R&S simulations of R4-2004382 Probe Layout
	KS simulations of R4-2004382 Probe Layout

	 
	InO
	UMi
	InO
	UMi

	0-offset 
	96
	93.4
	92.0
	88.6

	mean
	87.5
	87.6
	85.0
	85.0


· Regarding Observation 5: The PSP peak-to-peak metric does not seem to be a good metric for comparisons or ratings of probe layouts. 
Sub topic 1-2:
· Issue 1-2-1: Regarding Spirent’s PSP validation proposal: 
· Although the spatial correlation based method is mathematically correct and is simple (requiring only Fourier transforms), we believe it has some downsides in that it is based on narrowband assumptions and lack angular resolution. The angular resolution depends on the size of the array, approximately (2*pi/Nr), which in this case would be pi/8 = 22.5 deg. So with the angular separation of probes in FR2 MIMO OTA, 22.5 deg might be quite poor resolution. 
· While Spirent’s and KS’s approaches are both utilizing the 4x4 planar array, our approach will yield a more accurate PAS estimate due to the intermediate step using the virtual measurement array. Hence, our proposed method is does not have the limitations outlined above as we use subspace based high resolution MUSIC algorithm which provide accurate DOA estimation. The measurement time has improved significantly compared to the PADP approach from the last meeting. 
· Linear stages seem to be required for the 5*16 different antenna positions in Spirent’s proposal. Since the MIMO OTA system do not have linear stages, such positioning requirements should be avoided. 
· As indicated in our contribution, additional time is needed to further simulate Spirent’s and Keysight’s proposed approaches and consider optimizations to either proposal. The goal would be to provide a harmonized PSP validation proposal at the next meeting. 
· Issue 1-2-2: It is too early to determine the PSP limits of the PSP validation approach and should likely be determined in the WI phase. 
· Issue 1-2-3: It is more important to define the PSP validation approach in the SI phase and potentially consider an MU element in the WI phase. It should furthermore be pointed out that we did not define a spatial correlation MU element for FR1; just a validation PASS/FAIL test. The same should apply to FR2 and PSP. 

	Qualcomm
	Sub topic 1-1: 
· Issue 1-1-1: Clarification question to Spirent&Keysight: Do all the proposed 6 probes transmit signals simultaneously for both CDL-A InO and CDL-C UMi? Can Spirent elaborate on eq. (1) and an exact definition of weights in paper R4-2004718? In case companies use the same metric of mean PSP and optimization method, what’s the reason of leading to different layouts even with the same probe number i.e. 6 probes? 
· Issue 1-1-2: Clarification questions to R&S: For IFF with 4 probes, do we also need multiple reflectors in the chamber? If yes, will there be any side impacts, e.g. chamber size, blocking signals, MU, etc.?
Sub topic 1-2:
· Issue 1-2-1: In R4-2004565, there is no explicit proposal for validation procedures and the paper proposes to finalize it in next meeting. Further considering P2 is from a late contribution, we suggest to further study PSP validation procedures in next meeting. And should the final PSP validation procedures apply to both DFF and IFF?
· Issue 1-2-2: What’s the target of PSP limit for channel model validation? What’s supposed to be the benchmark, e.g. PSP from simulation? PSP limit should be based the agreed probe layout. Does IFF need a separate PSP limit? About the recommended WF, what’re other criteria except PSP limit?
· Issue 1-2-3: How to transform the PSP standard deviation to MU? What’s expected additional value for example based on the current proposed probe layout? In general, we prefer NOT to define the additional MU for PSP validation.
Sub topic 1-3:
· Issue 1-3-1: Please find our views below:
(1) Feasible SNR range should be accurately investigated based on agreed probe layouts. 
(2) For RMC selection, required SNR for each DL RMC shall be re-evaluated based on CDL channel model. We noticed that Table 7.2.2.2.1-4 of TS38.101-4 is based on TDL model. 
(3) UE FR2 MIMO OTA performance metric shall be further discussed based on the simulation results and/or pre-test results considering the high directional antenna after (1) and (2) are stabilized. With above considerations, we would propose NOT to preclude other options for UE performance metric. 
· Issue 1-3-2: Same view as Issue 1-3-1
· Issue 1-3-3:

	Keysight
	Response to R&S: 
· Issue 1-1-1 (6 probes layout):
· We do not think the agreement on the 6-probe layout is dependent on issue 1-1-2 as the WF from the last meeting clearly stated to focus on the 6-probe 3D MPAC implementation and that other implementations and fewer probe locations should be handled in the WI. We do not think it is productive to undo the agreement of the previous WF. 
· What does R&S consider an ‘optimized’ layout? Maybe a layout where probe locations match up with cluster centroid directions? In our view, the probe directions do not have to align with the cluster centroid directions. We have clearly demonstrated that this “generic” probe layout is equivalent in terms of performance with the probe layout Keysight proposed in the last meeting (R4-2002478) where probe locations aligned more closely with cluster centroid directions. We cannot agree with R&S observation that the probe layout in the R4-2004718 is not optimized. 
· As commented earlier, this is the first time anyone has introduced the peak-to-peak metric and we don’t consider this a valuable metric to rate probe layouts. Furthermore, we don’t think it is appropriate to read off peak-to-peak from our simulations and compare them with peak-to-peak values from your simulations. Both simulations should have been performed from the same company. 
· R&S in the response above is now additionally asking for the standard deviation of the PSP, something that R&S has not even introduced in their contribution. We feel that introducing more and more metrics is not productive. 
· R&S indicates that “more than 2 clusters for CDL-C has negligible impact on PSP performance.” Our PSP simulations do not support this observation, e.g., Figure 2 of R4-1916175
[image: ] 
It would be good if R&S could have provided some justification, e.g., simulations for this statement. As pointed out before, we would like R&S to clarify that all 4 probes in their probe layout are used simultaneously for CDL-A and CDL-C. 
· Issue 1-1-2 (4 probes layout):
· As outlined earlier, the previously agreed WF clearly states that the number of probes was selected to be 6 and it is counterproductive to change previous agreements. As outlined before, the 6-probe layout has better mean PSP performance compared to the 4 probes. 
· Issue 1-2-1 (PSP validation procedure)
· The KS test points can be achieved with the existing positioners while the Spirent test points either require 5*16 test points to be configured manually or the use of two linear stages that are not part of the positioning system. We believe that combining some of Keysight’s and some of Spirent’s concepts could yield an acceptable PSP validation procedure by the next meeting. 
· Answers to R&S questions:
· R&S: Is the 0.5λ the required spacing of consecutive test positions? 
· KS: that was our initial study, but we believe a coarser point-to-point spacing should be possible
· R&S: How many test positions over the test volume are required?
· KS: for our initial proposal, the max number of test points is around 160 at the highest frequency; however, we believe that a lot fewer test points might be required with an optimized approach
· R&S: What type of measurement antenna is proposed and what are the specifications (gain/directivity, HPBW…)?
· KS: both directional and omnidirectional antennas could be used but the most test-time efficient approach would be based on an omnidirectional antenna
Response to Qualcomm: 
On Issue 1-1-1: Yes, all 6 probes are used simultaneously for both models
On Issue 1-2-1: Correct, our contribution highlights our current direction for PSP validation that we wanted to run by to the group. We have identified some areas of improvement and will continue to progress in these areas with the goal to finalize the procedure in the next meeting. 
On Issue 1-2-2: The pass/fail limits will need to be determined after the PSP validation approach has been finalized as well as after the probe layout has been finalized. We cannot set these PSP validation limits based on the PSP simulations that are used for the probe layout definitions. 

	R&S
	Responses to Keysight on Issue 1-1-1 (6 probes layout):
· The claim of an optimized layout is based on the fact that the proposed 4-probe layout, with the corresponding reduced system complexity, provides similar performance to the 6-probes layout.
· In our study, having the cluster centroid direction aligned with probe directions provide better PSP results so it seems obvious that are different approaches for the probe optimization. 
· During February meeting (R4-2002479), we already provided results and initial arguments why the PSP peak-to-peak and standard deviation have a meaning and are representative to compare different solutions. Both metrics are presented and summarized in R4-2004384. Unfortunately and despite our effort, there was no option to provide a joint analysis of different solutions before the meeting, and that is why we propose in the comments above to consider summarized comparison of all options in the same way is presented in R4-2004384 
Responses to Keysight on Issue 1-1-2 (4 probes layout):
· Whether the probes are used simultaneously for both channel models is subject to the probe weights but, for the time being, no company have released them since is an outcome of internal optimization algorithm. We are happy to share them if the probe weights per channel model are also to be released for all probe layouts. Then, if the question is whether we consider a switched approach like in R4-2003765, the answer is no. 4 probes are used simultaneously according to the corresponding probe weights.
· Regarding the alignment for mean PSP and CDF calculation, there has been no contribution or offline discussion showing alignment for these performance indicators. We also proposed offline to run such kind of exercise with other companies but never got a response.
· Regarding the proposal with less than 6 probes, we understand the discussion here is contribution driven. We are certain that the results provided with 4 probes show clear advantages: compromise between system complexity vs. PSP performance and make it possible for both implementation options (DFF and IFF).
· Regarding the cluster vs. ray-based implementation, few comments:
It is clear that the ray implementation is actually a simplification of the original Laplacian distribution, meant only to reduce the Channel Emulator computational capacity and not to degrade the reference PAS model that we want to reproduce over the air. 
It is a known issue from LTE that the simplified 20-subpaths (rays) implementation does not reproduce the statistics of the original Laplacian distribution sufficiently. That was the only reason why we have fixed values: to guarantee at least reproducibility of the statistics, while the statistics should reproduce the continuous PAS Laplacian model. 
This is the case in many researches and implementations for LTE and NR MPAC systems, and even the reference in KS contributions until now. Where in the Channel Emulator only 20 sub-paths are emulated and over the air the continuous Laplacian distribution is the reference model.
We can also refer to the PSP equation in which the continuous Laplacian distribution is used as reference:




Did you implement any change in the PSP calculations for the ray-based model? If so, it would be an over simplification of the model and the reference model and not the right approach. In addition, the continuous Laplacian distribution was the reference in alignment contribution presented in February meeting (R4-2002477).
· Regarding Keysight results for the 4-probe layout, we are fully open to solve any doubts and ensure the results are correlated, as already mentioned offline and further above in the comments. On our side, we also find worse PSP results coming out from simulation for the proposed layout in R4-2004718 because it heavily depends on the probe weights among others.
· Regarding PSP peak-to-peak metric and as described in R4-2004384, we have seen in our simulations how different weighting, range length, probe layout etc. affect the PSP performance over the volume, and not only the mean PSP. That means that different UE array implementations, where the arrays will be placed physically at different points of the test volume, will experience different PSP performance depending on the actual test system. Therefore PSP peak-to-peak is a key parameter to compare different layout proposals and is a source of MU for the actual test system. For instance, this information is missing for the latest probe layout proposal in R4-2004718, while it would be good to have the values shared or at least the CDF plots in order to carry out comparisons as shown in R4-2004384.

Response to Qualcomm on Issue 1-1-2 (4 probes layout)
· Yes, the idea is to use multiple reflectors in the chamber, but there are no side impact compared to DFF, even the opposite. Overall performance and MU is improved compared to DFF, based on several KPI like QoQZ, mean PSP, peak-to-peak PSP, SNR, etc.

Response to Qualcomm on Issue 1-2-1 (PSP validation procedure): Yes, the same validation procedure apply for both DFF and IFF. 
Response to Qualcomm on Issue 1-2-2 (PSP limits): There is no need for a separate PSP limit for IFF, even though it performs better than DFF in terms of PSP. 
Response to Qualcomm on Issue 1-2-3 (PSP MU assessment): The proposed MU term for PSP standard deviation is shown in the TP R4-2004388, including how to transform from the standard deviation from % to dB. 

	Spirent
	· Issue 1-2-1 (PSP validation procedure)
We also believe the proposals for PSP validation will benefit from some harmonization. This harmonization can use the RF instrument settings in our late contributions, part of the algorithmic approaches suggested by KS and Spirent, and parts related to the positioner. Further, Spirent looks forward to seeing the group adopting time-domain techniques to speed up the validation process. 
We support the proposal to present a harmonized proposal in the May meeting.

	CAICT
	Sub topic 1-1: 
· Issue 1-1-1: 
· In the approved WF, we have agreed on the 6 probes for 3D-MPAC. The key target this meeting is to finalize the 6 probes location. Meanwhile, it’s very clear we shall define one common location for 6 probes. 
· In general we are supportive of the proposals from CE vendors with more generic probes location. Regarding the proposals of 6 probes location from CAICT, we would like to further check our simulation to align the assumption details with CE vendors, and try to provide the updated results before 2nd round. 
· Issue 1-1-2: In the approved WF, alternate probe configurations (different number of probes from 6) can be further discussed in the WI. We would like to keep this agreements.
Sub topic 1-2:
· Issue 1-2-1: suggest to make decision on framework of how to validate the PSP, refine and finalize the detailed wording next meeting.
· Issue 1-2-2: PSP limits shall be one criteria for channel model validation in WI phase. Same approach with FR1.   
· Issue 1-2-3:

	MVG
	Sub topic 1-1: 
· Issue 1-1-1: 
· Issue 1-1-2: We would like to stick to the WF agreed during last meeting. We shall define the 6 probes layout and the validation procedure for channel models verification. This was also provided as a remark in the e-mail discussion document. As it was indicated, the intention is complete the SI and leave any other discussions about number of probes – different than 6 and probe layout to the WI phase.
Sub topic 1-2:
· Issue 1-2-1: 
· Issue 1-2-2: 
· Issue 1-2-3: We don’t like the idea of adding a MU term for a parameters’ specific to the channel models implementation. Why just proposing this for FR2? We don’t have any MU terms associated with the channel models implementation in both LTE MIMO OTA and FR1 MIMO OTA MU. At the end we do measure TPUT, we do think that if an uncertainty term specific to channel models is added to the whole MU, we should quantify the impact on TPUT readings. The latter is a tricky issue since it is DUT dependent. 

	Qualcomm
	Response to Keysight on Issue1-2-2: Fine to determine the PSP validation limit after the probe layout finalizing. Would this PSP validation limit be based on test results? If yes, at least, there should not be a big offset with PSP limit in simulations used for layout definitions.

	Samsung
	Sub topic 1-1: 
· Issue 1-1-2: Not only probe locations but also weights of each probe for each channel model shall be explicitly characterized.
· Issue 1-1-2: we understand IFF probes has some advantages, however, according to the WF of last meeting, DFF and IFF shall be aligned in terms of probe number, probe layout, weights etc.
Sub topic 1-3:
· Issue 1-3-1 & Issue 1-3-2
· About SNR analysis based on single probe, we agree with R&S and Qualcomm that considering all probes based on probe layout and weights will be more accurate, however, we estimate that contribution of other probes will be negligible. Anyway, let’s further analyze once final decision is made on probe layout
· About RMC down selection, we agree with Qualcomm’s observation that the SNR data in TS 38.101-4 is based on TDL model. Though the SNR difference between TDL and CDL may be not large, we are supportive on SNR simulation based on CDL model to get more accurate results. 
· About performance metric, we see the necessity to down select RMC first and then define performance metric.
· Issue 1-3-3: re-position shall be considered if the best performance test points are close to the pole.

	MediaTek
	Issue 1-3-1: FR2 UE performance 
Among proposal 1 and proposal2, we prefer “Proposal 2: when deciding the [xx] value for FR2 performance metric, DL RMC shall be considered and the required SNR for the DL RMC shall be guaranteed. It would be better to decide FR2 performance metric after RMC down selection has been done.”
Because all these parameters are relative, and shall be considered together.
Furthermore, we think “Proposal 3: DUT with high directional radiation pattern should be carefully treated when measuring [36] points around the spherical surface.” makes senses.
Issue 1-3-3: FR2 UE performance impact 
We also think it is meaningful to study and mitigate positioner impact.

	Keysight
	Responses to R&S:
On Issue 1-1-1 (6 probes layout):
· Based on our extensive analyses and PSP simulations presented throughout the last year or more, we found that the probe layout proposed jointly with Spirent shows the same performance even if the probe directions are not aligned with the cluster centroid directions. 
· As highlighted in a previous response, we acknowledge that R&S was able to harmonize for single point PSP simulations. In offline discussions, we encouraged R&S to perform mean PSP simulations for one of the previously published probe configurations but no results were provided. As shown below, KS and Spirent managed to harmonize not only on single direction PSP simulations but also mean PSP after quite an extensive collaboration. 
On Issue 1-1-2 (4 probes layout):
· As you pointed out, the probe weights depend on internal optimization algorithms which are commonly considered proprietary. We currently do not see the need to share the exact probe weights.
· Thanks for confirming that all 4 probes are used simultaneously and are not switched. The 9.9o angular separation of probes #1 and #2 in your proposal will limit reflector sizes significantly. We feel that this separation is barely adequate for 20cm test zones and certainly not sufficient for devices that require larger test zones. We therefore do not believe that this IFF-based implementation and probe configuration can be considered a baseline as the baseline needs to be able to be applicable to larger test zones.
· However, since R&S feels comfortable with a 9.9o angular separation between IFF probes and the probe configuration jointly proposed by KS and Spirent has a min. separation between probes of 11.2o, we think that R&S should not have a problem implementing the proposed configuration with the IFF based methodology. Given the agreement in the WF from the last meeting, R4-2002471, the 3D MPAC using IFF probes is applicable to NR MIMO OTA testing without having to wait for the WI 
· Implementing the agreed 3D MPAC using IFF probes is not precluded (as long as same probe configuration and same number of probes is used)
· Since R&S should be able to implement the probe configuration proposed by KS & Spirent, we feel that any other configurations, e.g., the configuration proposed by R&S with 4 probes, should be discussed in the WI as agreed in the previous WF
· Alternate probe configurations (different locations and different number of probes) regardless of probe implementation (conventional probes or IFF) is FFS and can be further discussed in the WI 
· Given the arguments above, the previous agreements in the WF, the fact that we only have one more meeting before the conclusion of this SI, and other important topics left , e.g., PSP validation and QoQZ, before the conclusion of the SI with the May RAN4 meeting, we encourage R&S to compromise with the probe configuration proposed by KS & Spirent
· Regarding the cluster vs. ray-based implementation:
· While we agree with some of the theoretical background, the reference for our simulations should clearly be what has been specified in the TR and as outlined earlier, the TR is explicitly defining the ray-based approach as the reference for NR MIMO OTA. We cannot assume that a specific probe configuration provides Laplacian PAS which is different compared to the actual implementation of the channel model.
· Can you confirm that R&S is using simplified channel models, i.e., cluster centroids with Laplacian shape, instead of the channel model specified in the TR which is utilizing 20 rays per cluster?
· We can confirm that we are using the same equation to calculate PSP regardless of cluster-based vs ray based.
Responses to Spirent&CAICT:
· Issue 1-2-1 (PSP validation procedure): We are willing to propose language for the proposed framework for 2nd round and/or WF
· On Issue 1-1-1 (6 probes layout):
In the table below, we capture our simulation results for Mean PSP when compared to Spirent’s simulations (for the revised, joint centered probe configuration), the 6-probe CAICT configuration, and the 4-probe R&S configuration. Clearly, the results between Spirent and KS are harmonized while we obtain lower results than the results presented by CAICT and R&S.
	Probe Layouts/ Contribution
	Simulation by
	Mean PSP [%]

	
	
	InO CDL-A
	UMi CDL-C

	
	
	0.75m
	1m
	0.75m
	1m

	Rev of R4-2004718 (Spirent & KS)
	KS
	83.8
	86.9
	87.1
	89.7

	
	Spirent
	83.8
	87.1
	86.9
	89.7

	R4-2003765 (CAICT)
	CAICT
	85.8
	89.1
	86.7
	89.4

	
	KS
	83.8
	87.0
	85.4
	87.8

	R4-2004382 (R&S)
	R&S
	84.0
	87.5
	84.9
	87.6

	
	KS
	81.8
	85.1
	82.8
	85.0


Responses to Samsung:
· Issue 1-1-2: As stated above, the probe weights should be considered proprietary. 

	Spirent
	Response to Qualcomm
Sub topic 1-1: Similarly as in 4G MIMO OTA, we use power weights for each probe to create desired KPI values in the test zone. These power weights are different for different channel models (and range lengths) and are part of the optimization process. Optimization of the weights can be done against different cost functions, equation (1) is just one example of a cost function. In optimization we fix the probe locations and then vary power weights according the equation (1) to see which combination of power weights yields the highest PSP. This is executed multiple times by selecting next iteration weights by a search algorithm. As a result, all six (6) probes are used to illuminate the signal. Different PSP numbers can be explained by a) different power optimization methods and b) length of the simulation.

	R&S
	Response to Keysight on Issue 1-1-1 (6 probes layout): 
· Regarding the comment on the number of clusters, it can be seen in KS probe layout proposal in February (R4-2002478) that only 2 spatial clusters are considered for CDL-C, including the corresponding sub-paths. This can also be confirmed with the layout in R4-2004718 when applying the channel model rotation.
· We have strong concerns regarding the initial simulation results Keysight provided above for R&S 4-probe layout where they claim worse performance. The difference between 0cm offset and mean PSP is not realistic, mainly for CDL-C UMi. CDF curves will be useful in order to check the alignment between results. 
Response to Keysight on Issue 1-1-2 (4 probes layout): 
· Regarding the test volume, the IFF implementation does account for 20cm test volume in all cases. Regarding larger test volumes, DFF will have similar issue since the PSP performance will be heavily affected unless the range length is increased, so it neither can be considered that the proposed 6-probes layout can be the baseline for larger test volumes unless further study is carried out.
· The concrete 4-probe layout proposed in R4-2004382 and R4-2004384 is not only intended to support the IFF implementation but also reduce the test system complexity behind the OTA chamber. Therefore, we think it is a better trade-off than 6-probes. 
· In addition, the performance of the 4-probes layout proposed in R4-2004382 and R4-2004384 has better performance for CDL-A than the one from KS & Spirent considering the updated results, and also gives similar performance for both channel models. Considering this and all the above, we still recommend the group to consider this 4-probe layout as the baseline.
· Regarding the ray-based implementation, we already mentioned previously how the continuous Laplacian PAS distribution is the reference for the PSP calculation, so we don’t understand how the ray-based approach might change this performance indicator. It also clear to us that the 20 sub-paths per cluster is in fact the simplification from the continuous Laplacian PAS and not the other way around. In addition, the case Keysight mentioned in TR 38.827 where the 20 sub-paths are defined applies for LTE and FR1, there as well the theoretical Laplacian is the reference for the MIMO OTA test system, and it applies for FR2 as well. In any case, we show alignment with KS and Spirent regarding our calculations. 
Response to Samsung on Issue 1-1-2: our 4-probes layout proposal do meet that requirement since it can be implemented using both DFF or IFF based using the same probe number, probe layout, weights, etc.
Response to MVG on Issue 1-2-3: in LTE, such MU term related to the channel model implementation is included in the MU budget as shown in TR 37.977 and TS 37.544 but left as TBD. Considering what we have seen from simulations where PSP performance over the test volume changes much based different Range Length, Probe Weights, etc., we think it worth consideration and maybe further refinement during the WI phase.
In addition, regarding Issues 1-1-1 / 1-1-2 and for the sake of the discussion, here is the summarized comparison: 
	Ch. Model
	Metric
(over test volume)
	IFF 
4 probes R&S


	IFF 
4 probes R&S


	DFF

	DFF


	
	
	
	
	6 probes 
KS
	7 probes
CAICT
	4 probes R&S
	6 probes 
KS
	7 probes
CAICT
	4 probes R&S

	CDL-A
InO
	Mean PSP
	95.91%
	95.63%
	86.90%
	89.10%
	87.47%
	83.80%
	85.77%
	84.04%

	
	PSP Peak-to-Peak
	0.33%
	1.22%
	Note 1
	17.60% 2
	17.40%
	Note 1
	23.20% 2
	23.81%

	
	PSP Standard Deviation
	0.07%
	0.29%
	-
	-
	3.96%
	-
	-
	5.68%

	CDL-C
UMi
	Mean PSP
	93.41%
	93.25%
	89.70%
	89.40%
	87.59%
	87.10%
	86.71%
	84.89%

	
	PSP Peak-to-Peak
	0.60%
	1.01%
	Note 1
	13.70% 2
	14.01%
	Note 1
	18.60% 2
	19.71%

	
	PSP Standard Deviation
	0.10%
	0.18%
	-
	-
	3.23%
	-
	-
	4.57%


Note 1: not provided in draft revision of R4-2004718.
Note 2: estimated based on the CDF plots presented in R4-2003765 
Note 3: probe layouts correspondence:
4 probes R&S  R4-2004382 and R4-2004384
6 probes KS  DRAFT R4-200XYZZ (Revision of 4718) System Design and Probe Layout for FR2.doc
7 probes CAICT  R4-2003765

	Keysight
	Response to R&S:
· Comparing mean PSP numbers from each respective contribution is not helpful as so far only KS and Spirent simulators have aligned. It would be more beneficial to compare PSP simulations of all proposed configurations simulated with the same tool. KS has provided such summary above and I would encourage R&S to provide mean PSP numbers for all configurations simulated using their own tool. We believe it is most beneficial to focus on mean PSP which we provided in the table above.

	R&S
	Response to Keysight: as Keysight commented earlier, probe weights depend on internal optimization algorithms which are commonly considered proprietary. Final PSP values depends on these probe weights, so a comparison for all proposed configurations only make sense if all the details are shared: probe count, probe layout, probe weights and channel model rotation. 
Until such information is made available, we think our approach to compare proposals is better suited since it assumes the values correspond to the best optimization found for the probe layout.

	MVG
	Response to R&S on issue 1-2-3: as far as we remember it was left TBD since 3GPP couldn’t find a way to link channel model validation limits to TPUT measurements. We have understood PSP is impacted by range length, probe weights, etc but again what is the impact on TPUT? At the very end, TPUT measurement does matter. 


 
CRs/TPs comments collection
NR MIMO OTA is a close-to-finalize SI, suggest to focus on finalizing the text proposals for TR.
	CR/TP number
	Comments collection

	R4-2003639
	

	R4-2004386
	Anritsu: In Figure 6.2.3-1, the diagram of the proposed “sector with 4 probes” appears to show 6 probes. Could this be clarified?

	
	Keysight: as outlined in the last meeting’s WF (R4-2002471), the IFF based implementation shall be further studied in the WI and the focus should be on the FR2 3D MPAC with 6 probes:
· The group shall focus on finalizing the test method of the agreed FR2 3D-MPAC (using a common probe layout and a total number of 6 probes)
· Implementing the agreed 3D MPAC using IFF probes is not precluded (as long as same probe configuration and same number of probes is used)
· Alternate probe configurations (different locations and different number of probes) regardless of probe implementation (conventional probes or IFF) is FFS and can be further discussed in the WI
At this point, we cannot agree with the 4-probe locations and to consider IFF as baseline


	
	Qualcomm: Is the layout of 4-probe only applied to IFF or applied to both DFF and IFF?

	
	R&S response to Anritsu: the figure was reused from current version of the TR 38.827, but it shall be modified to show the final 4-probe layout.
R&S response to Qualcomm: yes, the same layout is applicable to both DFF and IFF.

	
	CAICT: If this 4 probes location is also for the agreed 3D-MPAC, we need to further check the simulation, why 4 probes could get better results. Some misalignment need to be resolved before 2nd round. 
Simulation assumption alignment is very important to make sure we are discussing the same thing, even though the specific location proposals may not be the same. Encourage R&S to do the 6 probes location simulation and share the results for checking.

	
	R&S response to CAICT: we have revised our contribution R4-2004384 and shared a draft to include our own simulation results for the 6-probe layout proposed in R4-2004718, getting results ≤1.04% apart. The missing delta is mainly due to probe weight optimization, and therefore we understand that the PSP results provided are aligned.

	R4-2004388
	Keysight: It is more important to define the PSP validation approach in the SI phase and potentially consider an MU element in the WI phase. It should furthermore be pointed out that we did not define a spatial correlation MU element for FR1; just a validation PASS/FAIL test. The same should apply to FR2 and PSP.

	
	R&S: even though we agree that PSP validation MU is dependent on the validation approach and depending on the final procedure further refinement might be needed, this MU element does not prevent the progress on the validation approach. Therefore, we prefer to have it on the MU budget at this stage and decide during the WI phase if further changes are needed.

	R4-2004564
	R&S: We cannot agree to this TP since the probe layout in R4-2004386 is optimal and have clear advantages as described in R4-2004382 and R4-2004384.

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#1-1 
FR2 6 probes location for 3D-MPAC system
	Issue 1-1-1: FR2 6 probes location
suggested options: 
· Option 1: Adopt the 6-probe locations proposed below for FR2 MIMO OTA
[image: ]
· Option 2: Adopt the 6 probe locations tabulated in table below for the FR2 3D MPAC System.
	
	Shared by two models
	InO CDL-A
	UMi CDL-C

	Azimuth
	-14
	-28
	-20
	-32
	-8
	-20
	-8

	Elevation
	16
	18
	10
	10
	10
	22
	22


· Option 3 (late R&S compromise proposal): Adopt the 6 probe locations tabulated in table below for the FR2 3D MPAC System.
	3D-MPAC Probe 
	MIMO #1
	MIMO #2
	MIMO #3
	MIMO #4
	MIMO #5
	MIMO #6

	Absolut
	Az[°]      
	129.00
	142.00
	164.00
	164.00
	164.00
	189.00

	
	Zen[°]    
	70.00
	75.00
	70.00
	75.00
	80.00
	75.00



Recommendations for 2nd round:
· Finalize the TP on system layout with 6 probes location in 2nd round. Study the compromise proposal provided by R&S (Option 3); further tuning of probe location, i.e., centering the probes around 90deg zenith, is not precluded. Alternate 6 probe layouts are not precluded.  
Issue 1-1-2: New FR2 4 probes layout
Tentative agreements:
Recommendations for 2nd round:
· Follow the agreements in the WF from last meeting. Alternate probe configurations (different number of probes from 6) can be further discussed in the WI phase.

	Sub-topic#1-2 
FR2 Validation procedure
	Issue 1-2-1: PSP Validation procedures
Tentative agreements: 
· Agree on framework of PSP validation procedure in this meeting.
Recommendations for 2nd round:
· Make decision on proper wording of PSP validation framework.
Issue 1-2-2: FR2 PSP limits 
Tentative agreements: 
· PSP limits is one of the FR2 channel model validation FoM, this work shall be done in the WI phase. Same approach with FR1 channel model.
Recommendations for 2nd round:
· None
Issue 1-2-3: FR2 PSP MU assessment 
Tentative agreements: 
· Further discuss in the WI whether channel model validation offset shall be included in the MU assessment, both FR1 and FR2.
Recommendations for 2nd round:
· None

	Sub-topic#1-3 
Performance and SNR
	Issue 1-3-1: FR2 UE performance 
Tentative agreements: 
· Proposal 2: when deciding the [xx] value for FR2 performance metric, DL RMC shall be considered and the required SNR for the DL RMC shall be guaranteed. It would be better to decide FR2 performance metric after RMC down selection has been done.
Recommendations for 2nd round:
· Further discussion on FR2 UE performance is encouraged.
Issue 1-3-2: SNR analysis of FR2 system 
Tentative agreements: 
· SNR analysis shall consider the agreed probes location, CDL channel model and RMC.
Recommendations for 2nd round:
· Further discuss the parameters assumption for SNR analysis. High level agreements could be added in the WF. Discussions based on assumptions in R4-2003837 is encouraged.
Issue 1-3-3: FR2 UE performance impact 
Tentative agreements: 
· Further study the positioner-induced UE FR2 performance degradation in WI phase.
Recommendations for 2nd round:
· None



Recommendations on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	WF on FR2 MIMO OTA
	CAICT




CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update 
	CR/TP number
	CRs/TPs Status update recommendation  

	R4-2003639
	Agreeable

	R4-2004384
	To be revised

	R4-2004718
	To be revised

	R4-2004564
	To be revised

	R4-200xxxx
	Please assign new tdoc for the following contribution:
Verification of FR2 PSP in MPAC system
Source: Spirent

	R4-200xxxx
	Please assign new tdoc for the following TP:
TP on Verification of Channel Model implementation in TR38.827, PSP
Source: Spirent



Discussion on 2nd round 
In the 2nd round, group shall focus on the following topics:
Issue 1-1-1: FR2 6 probes location
suggested options: 
· Option 1: Adopt the 6-probe locations proposed below for FR2 MIMO OTA
[image: ]
· Option 2: Adopt the 6 probe locations tabulated in table below for the FR2 3D MPAC System.
	
	Shared by two models
	InO CDL-A
	UMi CDL-C

	Azimuth
	-14
	-28
	-20
	-32
	-8
	-20
	-8

	Elevation
	16
	18
	10
	10
	10
	22
	22


Updated option 2 from CAICT (6 probes):
	AZ
	EL

	-28
	17

	-18
	15

	-12
	9

	-14
	19

	-4
	17

	-12
	13



With channel model rotations:
	Channel Model
	Phi[deg]
	Theta[deg]

	CDL-A InO
	-38.4
	15.45

	CDL-C UMi
	0
	0



· Option 3 (late R&S compromise proposal): Adopt the 6 probe locations tabulated in table below for the FR2 3D MPAC System.
	3D-MPAC Probe 
	MIMO #1
	MIMO #2
	MIMO #3
	MIMO #4
	MIMO #5
	MIMO #6

	Absolut
	Az[°]      
	129.00
	142.00
	164.00
	164.00
	164.00
	189.00

	
	Zen[°]    
	70.00
	75.00
	70.00
	75.00
	80.00
	75.00



Recommendations for 2nd round:
· Finalize the TP on system layout with 6 probes location in 2nd round. Study the compromise proposal provided by R&S (Option 3); further tuning of probe location, i.e., centering the probes around 90deg zenith, is not precluded. Alternate 6 probe layouts are not precluded.  
Issue 1-1-2: New FR2 4 probes layout
Tentative agreements:
Recommendations for 2nd round:
Follow the agreements in the WF from last meeting. Alternate probe configurations (different number of probes from 6) can be further discussed in the WI phase.
Issue 1-2-1: PSP Validation procedures
Tentative agreements: 
· Agree on framework of PSP validation procedure in this meeting.
Recommendations for 2nd round:
· Make decision on proper wording of PSP validation framework.
Issue 1-3-1: FR2 UE performance 
Tentative agreements: 
· Proposal 2: when deciding the [xx] value for FR2 performance metric, DL RMC shall be considered and the required SNR for the DL RMC shall be guaranteed. It would be better to decide FR2 performance metric after RMC down selection has been done.
Recommendations for 2nd round:
· Further discussion on FR2 UE performance is encouraged.
Issue 1-3-2: SNR analysis of FR2 system 
Tentative agreements: 
· SNR analysis shall consider the agreed probes location, CDL channel model and RMC.
Recommendations for 2nd round:
· Further discuss the parameters assumption for SNR analysis. High level agreements could be added in the WF. Discussions based on assumptions in R4-2003837 is encouraged.

	Company
	Comments for 2nd round

	Qualcomm
	· Issue 1-3-1: The UE performance metric should be decided when considering the feasible SNR range, DL RMC, UE radiation pattern and how to process the tested throughput. We should carefully design the performance metric which will have impact on the MIMO OTA requirements in the spec. Therefore, we suggest to further decide the UE performance metric in WI and without the simulation results and/or test results, we should not preclude other option in the SI phase. 
· option1: averaging of the [xx] measured sensitivity points  
· option2: sensitivity value at the [xx] percentile of the CCDF
· Other option is not precluded 
· Issue 1-3-2: The required SNR for FR2 CDL-A InO and CDL-C UMi shall be evaluated. Companies are encouraged to provide the input on simulation assumptions and simulation results.

	R&S
	Issue 1-1-1: FR2 6 probes location
· The compromise probe layout in Option 3 provides better PSP performance than Option 1 for CDL-A and the same performance for CDL-C. 
	Ch. Model
	Metric
(over test volume)
	
	

	
	
	Option 1
6 probes 
KS
	Option 3
6 probes R&S
	Option 1
6 probes 
KS
	Option 3
6 probes R&S

	CDL-A
InO
	Mean PSP
	86.90%
	87.95%
	83.80%
	84.5%

	
	PSP Peak-to-Peak
	Note 1
	18.20%
	Note 1
	24.24%

	
	PSP Standard Deviation
	-
	4.28%
	-
	5.72%

	CDL-C
UMi
	Mean PSP
	89.70%
	89.67%
	87.10%
	86.90%

	
	PSP Peak-to-Peak
	Note 1
	15.01%
	Note 1
	20.22%

	
	PSP Standard Deviation
	-
	3.41%
	-
	4.60%


Note 1: not provided.

· In all probe layouts, the usage of each of the probes is dependent on the channel model and the corresponding probe weights. That can be easily seen with CDL-A InO where the probe MIMO #1 from Option 3, equivalent to the probe with Az. -35º El. 20º in Option 1, is not necessarily used as falls out of the cluster centre. According to our probe weight optimization algorithm that reaches better values than in the revised R4-2004718, this probe is unused. Therefore, it only make sense to define a minimum mean PSP that shall be met based on the PSP validation procedure, but the usage of probes shall be left to the system implementation and probe optimization algorithm which proprietary, being provided that the layout is respected. 
In addition, and observing the PSP fluctuation over various shift directions we can conclude the following:
· The PSP variation over the test volume is more significant for a DFF based system.
· In order to limit the biasing of different DUT measurement results it is proposed to set a limit on the system maximum peak-to-peak deviation and minimum mean PSP.
· An IFF based implementation performs significantly better in term of mean PSP (see Table ‎5‑3) and PSP fluctuation utilizing even a subset of the 6-probes tabulated in Table ‎5‑1.
· With an IFF based system, only a subset of the 6 probes reach better PSP performance in terms of mean PSP and peak-to-peak than a 6-probe DFF based implementation.
· The proposed centering around 90º zenith, which Option 1 already implements, make sense from chamber implementation point of view, while it has an impact on the relative orientation between the DUT and the channel model, and thus may affect the UE performance. 
Leaving the azimuth spread aside, this effect can be seen very easily when considering the initial test point (theta = phi = 0) in P0 alignment:
[image: ]
In case of CDL-C, the elevation in Option 3 correspond to the same elevation in the channel model, while CDL-A requires additional rotation to maintain the relative AoA to the channel model. 
In all cases, and whether the centering around 90º zenith is adopted or not, this can be solved by defining an additional rotation of the test points to compensate for the channel model rotation used to fit both channel models into a common layout. 

	Keysight
	Issue 1-1-1:
· Our preliminary PSP results indicate that Option 1 outperforms Option 3 for both CDL-A and CDL-C channel models. A complete presentation of results for these two options and potential alternatives will be provided tomorrow. 
· The 6-probe layout proposed in Option 3 is not suitable for IFF implementations given the minimum probe separations between probes 3&4 and 4&5 of 5 deg. We therefore don’t believe this configuration is suitable for further consideration and we would like to highlight that Option 1 is more suitable for an IFF implementation with a minimum probe separation of 10 deg. 
· We believe continued discussions on reducing the number of probes from 6 in this SI is not productive given the recommendation for the 2nd round (“Finalize the TP on system layout with 6 probes location in 2nd round”) and the WF (R4-2002471) from the previous meeting (“The group shall focus on finalizing the test method of the agreed FR2 3D-MPAC (using a common probe layout and a total number of 6 probes)”). Alternate layouts based on IFF implementation and fewer number of probes should be postponed to the WI as agreed in WF (R4-2002471) from the previous meeting (“Alternate probe configurations (different locations and different number of probes) regardless of probe implementation (conventional probes or IFF) is FFS and can be further discussed in the WI”). 
· Coming back to the continuous Laplacian PAS discussion in round 1, we would like to provide some follow-up comments:
It was commented that “It is a known issue from LTE that the simplified 20-subpaths (rays) implementation does not reproduce the statistics of the original Laplacian distribution sufficiently.” This was indeed a known issue in LTE, especially among the CE vendors, and it was solved by taking the 20-ray approximative implementation as a reference instead of Laplacian as highlighted in the excerpt from TR 25.996
[image: ] Thus, the reference for LTE MIMO OTA channel model implementation and validation measurements is a 20-ray implementation of a Laplacian PAS approximation instead of Laplacian PAS.
It was also commented that “continuous Laplacian PAS distribution is the reference for the PSP calculation.” As outlined in the NR MIMO OTA TR 38.827, specifically Section 7.2, the 20-ray implementation is considered the reference for NR MIMO OTA channel models (just like LTE). In NR MIMO, compared to LTE, gNB beamforming had to be considered which results in the theoretical PAS at the DUT no longer being Laplacian as the gNB beam filtering affects the cluster PAS shape at the UE side. If we were to consider Laplacian PAS to be the reference PAS, we would have to go back into channel model specification, use hundreds of rays to achieve a good enough approximation and study how gNB beamforming affects the realized PAS at the DUT. I really don’t think we want to take a step back and revisit this. 
Furthermore, the term “Laplacian” is only used in the TR to describe the Cluster PAS of LOS channel models CDL-D and CDL-E; the reason for that is simply because those models were not further considered for NR MIMO OTA testing and therefore the parameter models were not updated.
In summary, we conclude that the Laplacian PAS at the DUT cannot be considered a reference for LTE or more importantly for NR (FR1 and FR2) MIMO OTA channel models.
A comment was made that the “PSP equation in which the continuous Laplacian distribution is used as reference” and whether “you implement any change in the PSP calculations for the ray-based model?”. The reference journal paper [On Radiated Performance Evaluation of Massive MIMO Devices in Multiprobe Anechoic Chamber OTA Setups, P. Kyösti , L. Hentilä , W. Fan , J. Lehtomäki, M. Latva-Aho, IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 66, NO. 10, OCTOBER 2018] which defined TVD (=1-PSP) discusses the “ideal reference model” where “typically clusters have 2-D Laplacian function-shaped PAS.” In the discrete ray-based implementation, the integrations are simply performed over the discrete ray powers and angles, i.e., Equation 15 
[image: ]
applies to both cluster and ray-based implementations.
· We therefore believe that the PSP simulations presented here should be based on the ray-based approach for the final layout discussions.
· Since the 36 test points specified in Table 6.2.3.2-1 of the TR correspond to a very coarse measurement grid, it is important to avoid ambiguities as different relative positioning of the same probe layouts could lead to different results and should be avoided. This should be discussed further in the May meeting together with the blocking effect topic once the 6-probe layout has been finalized. .

	CAICT:
	Issue 1-1-1: FR2 6 probes location
We further try to align the simulation assumptions with CE vendors and update our proposal with 6 probes:
Updated option2 from CAICT (6 probes):
	AZ
	EL

	-28
	17

	-18
	15

	-12
	9

	-14
	19

	-4
	17

	-12
	13


With channel model rotations:
	Channel Model
	Phi[deg]
	Theta[deg]

	CDL-A InO
	-38.4
	15.45

	CDL-C UMi
	0
	0



We also compare the PSP value of each proposal based on ray-based approach to make final decision: 
	Probe Layouts
	Contribution
	Simulation by
	Mean PSP(%)

	
	
	
	In CDL-A
	UMi CDL-C

	
	
	
	0.75m
	1m
	0.75m
	1m

	KS & Spirent
	Rev of 2004718
(option 1)
	KS&Spirent
	83.8
	86.9
	87.1
	89.7

	
	
	CAICT
	85.53
	88.59
	87.27
	89.97

	
	
	R&S
	84.4
	87.3
	86.1
	88.6

	CAICT
	updated option 2 (6 probes)
	CAICT
	85.99
	89.47
	86.83
	89.55

	R&S
	option 3
	KS
	83.1
	86.4
	84.7
	87.2

	
	
	CAICT
	84.9
	88.16
	86.35
	88.87

	
	
	R&S
	84.5
	88
	86.9
	89.7



From our simulations, double checked by KS, Spirent and CAICT, option 3 has worst PSP performance. So we suggest to down scoping the discussion on option 1 and updated option 2 before Wednesday. 
Encourage companies further do the simulation based on our updated option 2 proposal. The goal is very clear that the group shall make decision on 6 probes location this meeting.

	Samsung
	Issue 1-1-1: FR2 6 probes location
We understand the probe weights are not public. In order to proceed SNR analysis, could TE vendors kindly confirm whether the delta power is larger than 6dB or not between the probe with highest weight and the probe with next highest weight?
Issue 1-3-1: FR2 UE performance 
Agree with the tentative agreements. Also agree with Qualcomm that FR2 performance metric should be treated carefully considering many aspects, especially DL RMC down selection should be treated firstly.
Issue 1-3-2: SNR analysis of FR2 system 
Accurate SNR analysis shall consider the agreed probe location and channel models. If the delta power is larger than 6dB between the probe with highest weight and the probe with next highest weight, then the probe with highest weight plays the dominant rule in SNR and then SNR analysis can be based on single probe.
Another track for SNR analysis is the required SNR for the selected RMC. Simulation with CDL channel model is encouraged.

	R&S
	Response to KS on Issue 1-1-1: FR2 6 probes location
· Wheter one or the other option is better suited for IFF is subject to system implementation. 
· We disagree with you on the 2D-Laplacian vs. ray-bsed approach. We again refer you to all MPAC publications and researches as well as to your own contributions until RAN4#94. We also refer to Spirent and CAICT contributions as well as to the alignment contribution in R4-2002154, were the 2D-Laplacian model is the reference for the PSP performance evaluation.
We can raise many argumentations against the ray-based approach and show it is not the correct one to reproduce the PAS but only the one to reproduce the statistics in the baseband. This applies for referring the BS beamforming as a justification as well.
Only for the sake of alignment, as Spirent and CAICT did, we will switch to the ray-based approach. For this, we need to adjust our results and do some tuning regarding our proposed layout, in terms of probe positions and channel model rotations.

Response to CAICT on Issue 1-1-1: FR2 6 probes location
· We see no much difference between the 3 proposals (R&S simulation for values for Option 1 updated below after fixing the rotations) in terms of PSP performance, whereas proposal 1 and 3 are more generic.
	Probe Layouts
	Contribution
	Simulation by
	Mean PSP(%)

	
	
	
	In CDL-A
	UMi CDL-C

	
	
	
	0.75m
	1m
	0.75m
	1m

	KS & Spirent
	Rev of 2004718
(option 1)
	KS&Spirent
	83.8
	86.9
	87.1(86.9 KS)
	89.7

	
	
	CAICT
	85.53
	88.59
	87.27
	89.97

	
	
	R&S
	84.73
	87.9
	86.82
	89.52

	CAICT
	updated option 2 (6 probes)
	CAICT
	85.99
	89.47
	86.83
	89.55

	R&S
	option 3
	KS
	83.1
	86.4
	84.7
	87.2

	
	
	CAICT
	84.9
	88.16
	86.35
	88.87

	
	
	R&S
	84.5
	88
	86.9
	89.7



· The question is whether 0.1-1% PSP difference is more important than opening the possibility for an IFF. As for all other layouts, it is quite clear that there is still room for optimization and tuning in option 3 to improve the performance.
· Adjusting proposal 3 for the ray-based approach will generate different results.

	Spirent
	Issue 1-1-1: FR2 6 probes location
Spirent has run preliminary simulations on the proposals from KS-Spirent and R&S, and the numbers show the same trend shown by CAICT in their comments above. Spirent expects to  present the final numbers before the end of the second round comments period.
It is also worth noting that the numbers Spirent has been presenting are based on Ray-based simulations. This is consistent with models dating back to TR25.996. Spirent has been doing this from the very beginning of the FR2 PSP evaluation period, in accordance to the specifications in TR38.827 (see Table 7.2-6, where the it specifically outlines the ray mapping of the 20 rays).

	Keysight
	On Issue 1-1-1: FR2 6 probes location
Regarding the Laplacian PAS, we appreciate R&S’s willingness to align with KS, Spirent, and CAICT with regards to the ray-based implementation. As highlighted by KS and Spirent, the MIMO OTA channel models for LTE and NR MIMO were defined based on the 20 rays and supersede any discussions in research papers, etc. 
We would like to provide a comparison table of the three different options (including our PSP simulations of Option 2)
	Probe Layouts
	Option
	Simulation by
	Mean PSP [%]

	
	
	
	InO CDL-A
	UMi CDL-C

	
	
	
	0.75m
	1m
	0.75m
	1m

	KS&Spirent (centered)
	#1
	KS
	83.8
	86.9
	87.1
	89.7

	
	
	Spirent
	83.8
	87.1
	86.9
	89.7

	
	
	R&S
	84.7
	87.9
	86.8
	89.5

	
	
	CAICT
	85.5
	88.6
	87.2
	90.0

	CAICT
	#2
	CAICT
	86.0
	89.5
	86.8
	89.6

	
	
	KS
	 
	85.3
	 
	85.1

	R&S
	#3
	R&S
	84.5
	88.0
	86.9
	89.7

	
	
	KS
	83.1
	86.4
	84.7
	87.2

	
	
	CAICT
	84.9
	88.2
	86.4
	88.9


Our results show that Option 2 is not as good as Option 1. The results from KS and CAICT (including statement from Spirent) show that Option 1 outperforms Option 3 in terms of mean PSP performance. Given the larger min. probe separation of 10deg of Option 1, we feel that this probe layout is better suited for IFF rather than the min. probe separation of 5deg of Option 3. We acknowledge that the suitability is based on system implementation, but we feel that a 5deg separation between probes is just not sufficient to place reflectors or PWS adjacent to each other while properly supporting a 20cm test zone. Given the fact that Option 1 has twice the min probe separation compared to Option 3 and the fact that better PSP is achieved for Option 1, we believe Option 1 should be selected for NR FR2 MIMO OTA 3D MPAC systems. 
With regards to changing the baseline, we believe that it is too late at this point to make any drastic changes especially given the previous concerns. The current approach has been discussed since the beginning of the SI and thoroughly investigated by at least two CE vendors. We acknowledge this is a contribution driven process and when you introduced the IFF based approach in the last meeting, we considered the applicability and next steps and captured everything accordingly in the WF which you agreed to in the last meeting. It seems that you don’t agree with the decisions made in the last meeting anymore. As 4-probe vs 6-probe and conventional 3D MPAC vs IFF based system implementations can yield different test results, we need to carefully consider the impact and this was the basis for the WF in the last meeting. A few companies including KS have respectfully asked to stick with the previous agreements. I don’t think it is fair for R&S to ask “KS to reconsider their blocking position.”  

	R&S
	On Issue 1-1-1: FR2 6-probes location
After further alignment and changes to the simulator to follow the ray-based implementation, and in an intent to reconcile the probe layouts in Option 1 to 3 above, we find the following layout providing the same PSP performance:
	MIMO Probe
	MIMO #1
	MIMO #2
	MIMO #3
	MIMO #4
	MIMO #5
	MIMO #6

	Az[°]
	129.00
	142.00
	169.00
	164.00
	169.00
	179.00

	Zen[°]
	70.00
	75.00
	70.00
	75.00
	80.00
	75.00



The corresponding channel model rotations:
	Channel model rotation [º]

	CDL-A
	delta Azimuth
	-33.5

	
	delta Zenith
	-17

	
	
	

	CDL-C
	delta Azimuth
	4

	
	delta Zenith
	2



This figure shows the approximate fitting between probe layouts, assuming the centering around 90º zenith:
[image: ]
We could not finish with the probe weights optimization, so full analysis of the PSP performance will be provided when available.



Summary on 2nd round 
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	R4-2005559
	agreeable

	R4-2005556
	 agreeable

	R4-2003640
	agreeable

	
	



Topic #2: Others
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2004889 (Old Tdoc number R4-2002941)
	Qualcomm Incorporated
	Observation 1: The current static test mechanism does not assess UE performance when UE is expected to refine parameters pertaining to beam management, which may lead to an overestimate
Observation 2: The current static test mechanism cannot properly filter out UEs that do not proactively readjust their beams with a small delay.
In order to verify overall UE performance incorporating UE beam management performance which is the most essential and distinct property of FR2 while mitigating testing complexity increase, we proposed:
Proposal 1: A scenario where at least UE orientation is rotating over time during a test iteration should be considered for dynamic geometry-based MIMO OTA Testing. Other scenarios are FFS.
Proposal 2: In dynamic geometry-based MIMO OTA test, the following aspects can be considered as performance verification metrics.
· Established link connection/disconnection statistics
· L1 and/or L3 based measurement accuracy statistics
· Performance deviation statistics
· FFS
Proposal 3: For dynamic geometry-based MIMO OTA test, RAN4 to discuss and identify what aspects should be studied, for instance,
· How to rotate UE orientation during a test, e.g. rotation interval, rotation angle per interval, rotation delay, etc.
· Signal blocking impact due to pedestal and/or positioner
· How to verify test systems
· Measurement grid
· Restriction on Test direction, i.e. UE orientation
· How to define performance requirements
· FFS

	R4-2003836
	Qualcomm Incorporated
	Observation 1: The current static MIMO throughput test methodology cannot properly verify the performance of UE with different beam acquisition and refinement capabilities.
Observation 2: In order to cope with potential risks in the real field, UE performance should be verified under a dynamic geometry-based MIMO OTA test environment. 
Proposal 1: A scenario where at least UE orientation is rotating over time during a test iteration should be considered for dynamic geometry-based MIMO throughput OTA Testing. Other scenarios are FFS.
Proposal 2: UE orientation rotation-based MIMO OTA throughput testing, the following aspects will be discussed
1) The framework for dynamic geometry-based MIMO OTA throughput testing
2) Test and/or measurement direction selection including rotation interval, rotation angle per interval, rotation delay, etc.
3) Additional positioner requirements including speed, acceleration, accuracy, etc.
4) Additional MU budget
5) RMC (if new RMC is needed)
6) New Performance metric, e.g. MIMO throughput deviation, and/or maintaining the link during the testing.
7) Other aspects if needed

	R4-2003949
	Huawei, HiSilicon
	Observation 1: The spatial correlation on the circumference can not reflect the spatial correlation of the entire test zone well.
Proposal 1: Adopt the rectangular grid as the sampling approach and validate the spatial correlation of the entire test zone.

	R4-2004389
	ROHDE & SCHWARZ
	Proposal 1: For the definition of dynamic geometry-based testing focus on the items #1 to #6 above.



Open issues summary
Sub-topic 2-1 FR1 channel model validation
· Proposals
· Proposal 1: Adopt the rectangular grid as the sampling approach and validate the spatial correlation of the entire test zone.
· Recommended WF
· TBA

Sub-topic 2-2 FR2 dynamic testing
· Discussions
· RAN4 to further discuss a high-level test framework for dynamic geometry-based MIMO OTA Testing including the following aspects
· At least UE orientation is rotating over time during a test iteration
· It continues UE performance measurement without a break between UE orientation updates for UE beam refinement
· For Dynamic geometry-based MIMO OTA Testing and performance evaluation, RAN4 to further discuss how to and whether it is feasible to characterize/quantify UE performances in terms of RRM and/or MIMO T-put including but not limited to
· Performance deviation from averaged one
· Link disconnection statistics
· For Dynamic geometry-based MIMO OTA Testing implementation, RAN4 to further discuss the following aspects to identify an area of further study
· UE orientation during a test, e.g. rotation interval, rotation angle per interval, rotation delay, etc. based on test cases.
· Measurement grid and Test direction
· Additional MU budget
· Measurement time per orientation
· Prerequisite conditions
· call drops and re-connections
· FFS
· Recommended WF
· TBA
Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Anritsu
	Sub topic 2-1: 
Sub topic 2-2:
In general we support the idea of dynamic testing as an important part of UE test coverage, as identified in our earlier document R4-1713050. At a high level Proposal 1 (UE orientation rotating over time during a test), Proposal 2 (choosing suitable metrics) and Proposal 3 (identify aspects to be studied) seem reasonable.
Further study is needed to consider whether test cases are RRM-related, demodulation (T-put) related, or in some separate category. The feasibility of implementation on a range of test systems should be a consideration. 

	Keysight
	Sub topic 2-1: The spatial correlation sampling approach on the circumference was agreed during the RAN4#93 meeting (in meeting notes based on KS paper (Channel Model Validation for FR1 MIMO OTA, R4-1915077) and incorporated into 38.827 in February with KS TP (TP to TR38.827 on spatial sampling points for FR1 spatial correlation validation, R4-2002481). We prefer to stick with the previous agreements and would like to highlight the following:
· The proposed approach requires additional HW and more test complexity
· The current approach is sufficient to determine whether the channel model has been implemented properly (PASS/FAIL) 
· The proposed approach with the fixed reference point in the center of the test zone does not address spatial correlation for antenna separations beyond 10cm and therefore is not suitable for validating the whole test zone.
Sub topic 2-2: We are fully supportive in further studies of the dynamic geometry testing via a separate SI. In that SI, one objective could be the ‘UE orientation rotation-based’ approach but more complex and realistic scenarios, e.g., dynamic gNBs/DL beams, should be included as well. 
Comment regarding R4-2004389: R&S indicates “any continuous movement during measurement should be avoided. In addition, depending on the target metric, a minimum time is required for measurements at each point in the selected trajectory. It seems clear that a step-by-step approach is the better compromise here.” This is not valid assumption for dynamic geometry testing. It must be smooth rotation/movement, otherwise it is not realistic. We already have the 36 test orientations; how does this differ from those?

	Qualcomm
	Sub topic 2-1: 
Sub topic 2-2:
Thanks a lot moderator for the summary on dynamic testing. Considering there are similar proposal from different papers, we’re trying to combine some of proposals and re- structurize sub topic 2-2 as below. Companies are encouraged to share your views on the following aspects.

(1) RAN4 to further discuss a high-level test framework for dynamic geometry-based MIMO OTA Testing including the following aspects
a. At least UE orientation is rotating over time during a test iteration
b. It continues UE performance measurement without a break between UE orientation updates for UE beam refinement
(2) For Dynamic geometry-based MIMO OTA Testing and performance evaluation, RAN4 to further discuss how to and whether it is feasible to characterize/quantify UE performances in terms of RRM and/or MIMO T-put including but not limited to
a. Performance deviation from averaged one
b. Link disconnection statistics
(3) For Dynamic geometry-based MIMO OTA Testing implementation, RAN4 to further discuss the following aspects to identify an area of further study
a. UE orientation during a test, e.g. rotation interval, rotation angle per interval, rotation delay, etc. based on test cases.
b. Measurement grid and Test direction
c. Additional MU budget
d. Measurement time per orientation
e. Prerequisite conditions
f. call drops and re-connections
g. FFS

	R&S
	Sub-topic 2-2 (FR2 Dynamic testing)
As shown in R4-2004389, we support the study of Dynamic Testing scenarios and see clear options to reuse current FR2 test methodology to enable them.

Clarification question to Qualcomm: figure 3 from R4-2002941 and figure 2 from R4-2003836 seem to propose slightly different frameworks for dynamic geometry. Would you mind to clarify if continuous movement while measuring throughput is proposed? This is related to point (1) above.

Response to Keysight: our assumptions consider two main differences:
· There is no initialization phase like the figure 1 of R4-2003836 and no sensitivity search is performed at each point.
· There is a need for precise timing in the movements so the beam refinement performance is assessed. 
On the other hand, considering a continuous movement while measuring implies a quite challenging situation where the fading has to be synchronized (to what accuracy?) with the positioner movements (speed, acceleration, deceleration…) so the doppler, DoT and others are properly simulated. If don’t, using current fading conditions on TR 38.827 have no meaning while moving from one position to the next.

	Spirent
	Sub topic 2-1: 
Spirent looks forward to seeing the group adopting time-domain techniques to speed up the validation process. It is clear that either proposal (circumference or rectangular grid) will take significant time if the current validation method based on frequency domain measurements is used.
A harmonized proposal would be to validate the spatial correlation on concentric circles (radial grid). This will allow a simpler physical implementation with more points that increases the confidence on the accurate generation of the spatial channel model.

	CAICT
	Sub topic 2-2: Thanks for the suggestions from Qualcomm, we accept your suggestions to re- structurize the content of this topic. 
In general, we are supportive to further develop the dynamic testing in a separate new SI. Testing scenarios more close to the real world identified by operators, network infrastructure vendors and UE vendors shall be discussed. Key performance metrics to show FR2 dynamic characteristics shall be carefully specified. Acceptable measurement uncertainty for challenging dynamic testing case (e.g. beam refinement performance) should be discussed.

	Qualcomm
	Response R&S, Keysight and CAICT on Sub-topic 2-2 (FR2 Dynamic testing): 
About the continuous movement:
We don’t think UE should keep rotating continuously because the time window of interest is T1+delta (dwell time) where UE is expected to refine Rx beam related parameters after its orientation update. Note that figure 3 from R4-2002941 and figure 2 from R4-2003836 show the same framework. The initialization phase in figure 2 from R4-2003836 includes UE orientations update and dwell time. However, we’re open to further study on other options as Keysight suggested and we agree that we might need consider more aspects as R&S mentioned on continuous movement. 
About other scenarios:
We suggest to focusing on the UE orientation rotation-based scenario as the starting point in this SI since we can reuse most of output from static testing. And in this case, only the additional MU analysis is needed. We welcome other scenarios. Can Keysight elaborate more on the framework of dynamic gNBs/DL beams? 
With that, we propose to add one sub-bullet to (1) and suggest to further discussing the following proposals in the 2nd round.
(1) RAN4 to further discuss a high-level test framework for dynamic geometry-based MIMO OTA Testing including the following aspects
a. At least UE orientation is rotating over time during a test iteration
b. It continues UE performance measurement without a break between UE orientation updates for UE beam refinement
c. FFS on more complex and realistic scenarios, e.g., dynamic gNBs/DL beams
(2) For Dynamic geometry-based MIMO OTA Testing and performance evaluation, RAN4 to further discuss how to and whether it is feasible to characterize/quantify UE performances in terms of RRM and/or MIMO T-put including but not limited to
a. Performance deviation from averaged one
b. Link disconnection statistics
(3) For Dynamic geometry-based MIMO OTA Testing implementation, RAN4 to further discuss the following aspects to identify an area of further study
a. UE orientation during a test, e.g. rotation interval, rotation angle per interval, rotation delay, etc. based on test cases.
b. Measurement grid and Test direction
c. Additional MU budget
d. Measurement time per orientation
e. Prerequisite conditions
f. call drops and re-connections
g. FFS

	Huawei
	FR2 Dynamic testing was initially proposed in the last RAN4 meeting just before end of the SI, the completion ratio is changed to 95% considering only this issue in RAN#87e.
There are 2 meetings left in Rel-16 including this meeting. Reviewing on this T-doc, we only see the importance analysis but no substantial standardization plan and clear expectation. So we would like to clarify:
· What is the target of this issue within Rel-16 SI? 
· Is there any target on test cases within RAN4 R&D session in Rel-16?
In our understanding, even this dynamic test method study completed in Rel-16 in hurry without carefully thinking/checking by most companies, would RAN4 revise the Rel-16 contents in TS 38.133 or TS 38.101 already frozen? It is unnecessary to have any output within R16 timeline.
Going back to the technical analysis in this paper, the contribution take the FR2 beam failure and link recovery test as a most advanced or rotation related example. We are surprising to see comments that the RRM test case is not properly enough after it has been approved in RRM session in Rel-16. During BFD test case discussion, all the test condition agreed ensures on accessible RSRP, and corresponding configuration. It means any revision on the test environment will impact on the condition setup already approved in Rel-16. And we don’t see any WI objective in Rel-16 to revise the test cases.
Considering above issue, the proposals are not acceptable, this topic could be discussed further after completion of this SI.

	Samsung
	Sub topic 2-2: usually MIMO OTA is tested under RRC_connected status. With the continuously measurement during rotation, it is unavoidable that call drop occurs for many test angles. In this case the throughput under idle status will be taken into account which makes the test results unrepeatable. Moreover, since UE is not static, the channel model parameters for static MIMO OTA may need to be re-designed. If the dynamic test is not implemented in continuous movement way, it is hard to call it as dynamic test. On the other hand, throughput and other KPIs (e.g. Link disconnection statistics) seem more like general performance test rather than OTA test. We share the same view with CAICT and Keysight that a new SI for dynamic test is a better way for further study.

	OPPO
	Sub-topic 2-2: 
Our understanding of dynamic geometry-based performance testing is that it is more like operator field testing in which dynamic channels and dynamic scheduling of DL resource/MCS etc are used. 
However, in the OTA chamber this kind of dynamic test is not that real anymore. Whether the channel model emulated in chamber and BS scheduling in TE can meet the dynamic testing demands needs further clarified. 
If finally it is just a rotating of UE and testing throughputs, then we do not see much benefit in introducing this kind of tests in Rel-16, and suggest we focus on static testing since anyway UE will be tested in the field with true dynamic tests. 
Maybe this kind of dynamic tests could be studied in Rel-17 thoroughly and take time to think more about test scenarios, metrics, and also what can be achieved in labs etc. to provide more beneficial tests to UE design and industry certification.

	Keysight
	Response to Spirent: 
Sub topic 2-1: we do not really see much value in scanning the test zone at multiple radii since the spatial correlation for a large range of antenna separations between ~0cm and 20cm is already performed with the current approach. 

	Qualcomm
	Response Huawei on Sub-topic 2-2 (FR2 Dynamic testing): 
Firstly, we would clarify the dynamic geometry-based testing has been included in SID as one objective. The SI was not finalized in the Feb. meeting due to several remaining issues including dynamic testing. That’s why we have several topics discussion in this agenda but not only dynamic testing. As the workplan, we still have two remaining meetings for this SI. We’re trying to solve the remaining issue and close the SI properly. We can’t agree with HW’ comment on discussing dynamic testing after completion of SI.
Secondly, the target is to conclude the test methodology for dynamic testing in Rel-16 SI. We suggest to focusing on the UE orientation rotation-based scenario as the starting point in this SI since we can reuse most of output from static testing. We have clarified in the last meeting that we would not replace the current Rel-16 test cases. They might be complements for Rel-16 or new test cases for Rel-17.  
Response Samsung on Sub-topic 2-2 (FR2 Dynamic testing): 
We agree with Samsung’s view that DUT might not maintain the connection during the testing. In this case, throughput would go down dramatically. We think this issue can be considered as a part of KPI. We have added link disconnection statistics as one of potential metric and T-put might not be the metric in this case. 
Even in the current static testing, the test directions do not affect the channel model parameters. So we think if we consider UE orientations changing based scenario, that would be the same as current static testing. Can Samsung elaborate what’s the potential change for dynamic testing especially for the UE orientations changing based scenario? 
Response OPPO on Sub-topic 2-2 (FR2 Dynamic testing): 
The intention of introducing dynamic testing is to ensure FR2 success in the industry. We think performances impacted by beam management should be thoroughly verified under real use scene-like scenario. But in the real filed testing, the wireless channel is complicated and is varying due to many factors. That’s why we want to verify the UE performance with dynamic environment in chamber since some test cases are not feasible to control and unrepeatable in real filed. 
With above comments from companies, we would propose to down-select dynamic testing scope in the 2nd round discussion. 


 
CRs/TPs comments collection
NR MIMO OTA is a close-to-finalize SI, suggest to focus on finalizing the text proposals for TR.
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[bookmark: _GoBack]Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#2-1 
FR1 channel model validation 
	Issue 2-1: FR1 channel model validation 
Tentative agreements: 
· Keep the original spatial correlation validation procedure as it is in the TR.
Recommendations for 2nd round:
· Further discuss if there is a better way to validate the spatial correlation.

	Sub-topic#2-2 
FR2 dynamic testing
	Issue 2-2: FR2 dynamic testing
Tentative agreements: 
Recommendations for 2nd round:
· Companies could keep sharing their thoughts on this topic.



Suggestion on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	
	





CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	
	

	
	



Discussion on 2nd round 
Issue 2-1: FR1 channel model validation 
Tentative agreements: 
· Keep the original spatial correlation validation procedure as it is in the TR.
Recommendations for 2nd round:
· Further discuss if there is a better way to validate the spatial correlation.
Issue 2-2: FR2 dynamic testing
Tentative agreements: 
Recommendations for 2nd round:
· Companies could keep sharing their thoughts on this topic.

	Company
	Comments for 2nd round

	Qualcomm
	Through the 1st round discussion, we understand companies prefer to thoroughly study the dynamic testing in a new SI which can focus on the real-like scenario e.g. dynamic gNBs/DL beams under smooth rotation etc. Considering the MIMO OTA SI is targeting to finalize in two meetings, we compromise to further study the complicated scenario in a new Rel-17 SI. However, per discussion on the dynamic testing, we realize it is important to evaluate the performance on the period of new beam re-obtaining and refining in current test mechanism. To be clear for how to test MIMO OTA performance on that period, we illustrate the proposing testing setup and performance measurement as follows.
The agreed MIMO OTA testing setup:
· Based on agreed Probe-layout/Channel model, DUT’s MIMO OTA performance will be tested from [36] test directions shown in Fig 1.
[image: ]
Fig. 1 Illustration of agreed MIMO OTA setup
The agreed MIMO OTA performance measurement:
· The current MIMO OTA performances are measured in T3, and based on the discussion, the performance metric for pass/fail will be defined in WI
[image: ]
Fig 2: Illustration of agreed MIMO OTA performance measurement
The proposing MIMO OTA testing setup:
· All agreed testing setup shown in Fig.1 will be reused.
The proposing MIMO OTA performance measurement:
· MIMO OTA performances are measured in (T1+T2 and T3), and performance metric for pass/fail will be defined in WI
[image: ]
Fig 3: Illustration of proposing MIMO OTA performance measurement
To support measure performance in (T1+T2 and T3) shown in Fig.3, the following steps shall be followed in order to evaluate NR MIMO OTA performance of the DUT (highlighted the delta compared with test procedure specified in TR38827):
1. Position the DUT in the default P0 alignment option (Orientation 1), as defined in Section D.3
2. Measure MIMO OTA throughput, the maximum downlink power is TBD. MIMO OTA throughput is the minimum downlink signal power resulting in a pre-defined throughput value ([FFS]) of the maximum theoretical throughput.  The downlink signal power step size shall be no more than 0.5 dB when RF power level is near the NR MIMO sensitivity level. 
3. Keep downlink signal power from step 2 and measure MIMO OTA throughput. 
4. Rotate the UE to the next test point. Table 6.2.3.2-1 lists 36 evenly spaced test points determined using the charged particle approach and with test point #1 centred at (0,0). 
5. Repeat the test from step 2 for each specified test point. If the re-positioning concept is applied, the device needs to be positioned in P0 Orientation 2 (either option 1 or option 2).  
6. The postprocessing method and the performance metric are FFS.
With above aspects, we propose capture the following proposal in the WF:
· During a test for MIMO OTA performance, performance measurement window can be continuous with FFS on
· Performance metrics definition before/after T1 (the time for updating UE orientation) + T2 (BEAM_SELECT_WAIT_TIME i.e. 3sec)
· How to accommodate link disconnection at a given direction, if any, in the performance metric
· T1 and T2
· A sequence of test direction updates
· Capture the proposing test procedure in TR38827
 

	Keysight
	On Issue 2-2:
Keysight believes that the Rel-17 SI should properly address any new dynamic geometry scenarios. We are afraid that trying to define a simplified, likely non-continuous UE rotation scenario in this SI is too late given the little time left in this SI and would further reduce the need for a Rel-17 SI on dynamic geometry scenarios. 
The new SI could certainly include the relatively simple UE rotation over time but should also include more complex and realistic scenarios, e.g., dynamic gNB/dynamic beams which refers to dynamic Tx-beams/gNB beams. When the UE moves, also the gNB beam gain and effective cluster departure directions are changed, and that affects the PAS at the DUT. The dynamic geometry dependent PAS modelling also affects the requirements for the probe configuration, so it would probably require some further studies.

	Samsung
	Issue 2-2: FR2 dynamic testing
Appreciate Qualcomm’s effort and simplification to the dynamic test. The new test is changed to a continuous TP test with non-continuous rotation.
A question about the test procedure, from step 3 to step 4, how to do with the downlink power? Keep the downlink power at the MIMO throughput sensitivity level, or increase downlink power back to maximum downlink power and then rotate UE? We think the answer to this question affect the feasibility of the proposed test.

	Qualcomm
	Response to Samsung
From step 3 to step 4, the downlink power would either keep at the MIMO throughput sensitivity level from the last test direction or increase downlink power to maximum power. Please note that even in the former way, we could have many approaches to tread the throughput. For example, we can define different pre-defined throughput percentage of the maximum T-put for T1+T2 and T3. Then how to process the throughput and how to accommodate link disconnection at a given direction, if any, should be within performance metric scope and further discussed in WI phase . 

	Huawei
	We understand the performance measurement window can be continuous means the UE rotates without smooth orbit, which is between stable and dynamic, which is actually one kind of semi-dynamic test.
With your description on this new test condition/method, we feel that it is premature with lots of TBD issues. We don’t think such issue can be justified in 1 RAN4 meeting and adding to the test case range for Rel-16 perf requirement.
So we would like to preclude this plan in RAN4 may meeting and focus on the remaining issues on the static FR2 test system. We are open to further discuss in future release for both continuous or real-like smooth dynamic.



Summary on 2nd round 
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”
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Table 5.1. Environment parameters
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