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Introduction
In the last RAN plenary meeting, a new Work Item on Multiple Input Multiple Output (MIMO) Over-the-Air (OTA) performance requirements for NR UEs was approved.
Objective of core part WI：
The objective of this Work Item is to specify MIMO OTA performance requirements for NR FR1 and FR2 UEs， including both SA and NSA. The Work Item’s outcome shall be captured in TS 38.xyz. 

Investigate and specify the following aspects:
-	The work is based on the outcome of SI in TR38.827.
-	Define requirements for the following device types:
-	Smartphone is the first priority
-	Tablet
-	Wearable device
-	Fixed wireless access (FWA) terminal
-	Laptops
-    The performance requirement shall include both NSA and SA
-    Down-selecting of parameters for RMC in TR38.827
 -	Down-selecting of Channel models in TR38.827 for performance requirement 
-    Specify up to spatial multiplexing rank 4 requirements for FR1 and up to spatial multiplexing rank 2 requirements for FR2
-	Define the pass/fail criteria for channel model validation, both FR1 and FR2
· Comparison among radius of 5cm and 10cm PSP validation results is needed for FR2 3D-MPAC systems.
· Further check if we need to specify the reference antenna for FR2 validation 
· Further check whether vertical polarization is sufficient for FR1 Spatial Correlation validation 
-	Consider the SNR analysis for RMC down selection and FR2 requirements definition
-	MIMO OTA performance requirement with head/hand phantoms is second priority – this will be in collaboration with CTIA who plan to work on these aspects
-	Consider positioner blocking effect on specifying performance requirement for FR2
-	Identify exceptional requirements that need to be tested for NSA TRMS
· Example: NSA TRMS requirements for potential UE self-interference due to IMD3 in EN-DC
-	Define how to process the measurement data for FR2 
· Averaging of the measured sensitivity points, or define sensitivity value based on the CCDF
· Other approach is not precluded
-	Potential optimization of test methods for FR1 and FR2 is not precluded: e.g. 
· Further work is suggested to illustrate the DUT rotations
· For FR2, further work to check if test points rotations are to be implemented per channel model to compensate for channel model rotations
· For FR2, re-positioning of the NR MIMO probes to align the probes with NR FR2 RRM probe configurations.
· For FR2, alternative probe configurations (different locations and different number of probes) regardless of probe implementation.
The Measurement Uncertainty (MU) aspects, including potentially test tolerances, and test procedures will be handled in RAN WG5. During the course of this work item, ongoing communication with 3GPP RAN WG5, CTIA OTA Working Group (MOSG, 5G mm-wave OTA Sub-Working group and MUSG), and CCSA TC9 WG1 shall be maintained to ensure industry coordination on this topic.
Objective of Performance part WI:
Specify the FR1 MIMO OTA requirements:
· FR1 TRMS requirements for NSA and SA
· For NSA mode, only NR MIMO OTA requirements will be specified and no additional LTE MIMO OTA requirements will be introduced. 
· Define the detailed Figure of Merit for TRMS, e.g. TRMS@70% or 95% Max-Throughput 
· Band n41, n77,n78 and n79 are the first priority 
· Requirements for SA are the first priority 
· Only specify 4x4 MIMO OTA requirement for 4Rx antenna bands
Specify the FR2 MIMO OTA requirements:
· Define the detailed Figure of Merit for FR2 
· Based on how to process the data, specify the sensitivity value 
· FR2 requirements
· Band n257, n258, n260 and n261 are the first priority 

List of candidate target of discussion for 1st round and 2nd round 
· 1st round: approve the work plan, agree skeleton for the NR MIMO OTA WI, discuss the open issues for NR MIMO OTA.  
· 2nd round: make decision on the open issues for NR MIMO OTA based on the decision of 1st round. 
Topic #1: General and Parameters for requirements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2011204
	CAICT, vivo, OPPO
	Work plan for Rel-17 NR MIMO OTA WI
Proposal 1: Adopt the two phases approach to finalize FR1 and FR2 requirements at different stage for efficiently project management.  
Proposal 2: Approve the detailed work plan in Table 1 for the Work Item of NR MIMO OTA requirements.

	[bookmark: _Hlk47813910]R4-2011234
	vivo, CAICT
	TS 38.1xy v0.0.1 NR MIMO OTA requirements skeleton

	R4-2011233
	vivo, CAICT
	Observation 1: One type RMC is defined for FR1 FDD MIMO OTA. Only down-selecting of RMC parameters for FR1 TDD MIMO OTA is needed.
Observation 2: The SNR range of 3D-MPAC could be much lower than single-probe RRM/Demod test system defined in TR 38.810, because of the large physical path loss of channel emulator and additional loss of operated fading channel model. 
Observation 3: High-order modulation with SNR close to the system dynamic-range boundary may further increase the measurement uncertainty of 3D-MPAC system.
Observation 4: One type channel model is defined for FR1 2x2 and 4x4 MIMO OTA. Only down-selecting of channel models for FR2 MIMO OTA is needed.
Proposal 1: Select 40 MHz with 64 QAM for FR1 TDD 2x2 MIMO OTA requirement, 40 MHz with 16 QAM for FR1 TDD 4x4 MIMO OTA requirement.
Proposal 2: Select 16 QAM DL modulation for FR2 2x2 MIMO OTA performance requirement. 
Proposal 3: Keep both FR1 UMi CDL-A and FR1 UMa CDL-C for 4 Rx bands and 2Rx bands, respectively.
Proposal 4: Suggest to make decision on FR2 channel model down-selection based on simulation results or measurement results.

	R4-2010832
	Huawei, HiSilicon
	Proposal 1: NR MIMO OTA WI should follow the same procedure as previous LTE WI, stepwise open issues in table1 need to be solved with high priority.
Proposal 2: propose to adopt 40MHz as the only channel bandwidth for NR FR1 MIMO OTA TDD RMC.
Proposal 3: for NR FR1 MIMO OTA, selecting only one outage point of TP@ 70% to identify the UE performance. TP@95% should also be considered as another criteria for checking whether the UE can pass 10 of total 12 rotations.
Proposal 4: regarding “How to process the measurement data for FR2”, propose to adopt the proposal in [13], i.e. above option 1. The CDF %-tiles for Spherical coverage defined in TR38.101-2 are reused.
Proposal 5: The Measurement Uncertainty (MU) aspects, including potentially test tolerances etc. and their applicability should be studied together in the RAN4 WI. The WID [1] should be revised in next plenary meeting.

	R4-2011335
	Qualcomm Incorporated
	Observation 1: RAN4 should select RMC based on the feasible SNR range and required SNR for CDL-A InO and CDL-C UMi.
Observation 2: For n257/258/n261, the feasible SNR is at least 21.8dB where 64QAM RMC can be tested. For n260, the gap between feasible SNR and required SNR for 64QAM RMC need to be further studied.
Observation 3: The feasible SNR would be higher if we smaller channel bandwidth is used. For example, with 50MHz channel bandwidth, the feasible SNR will be 3dB higher than that for 100MHz.
Observation 4: A hybrid approach which is measuring the performance of 16QAM all the test directions meanwhile measuring the performance of 64QAM at the good enough test directions e.g., best direction among all the candidate test angles could be considered.
Proposal 1: RAN4 to select 64QAM RMC to define the FR2 MIMO OTA requirements for n257/n258/n261.
Proposal 2: RAN4 to further study the feasible SNR and RMC down selection for n260. The following aspects could be considered:
•	Use smaller channel bandwidth for 64QAM RMC, e.g. 50MHz 
•	A hybrid approach of considering both 16QAM and 64QAM 
Observation 5: Compared to required number of grid points for beam peak search and EIS test presented in TR38.810, the agreed number of grid points for FR2 MIMO sensitivity requirement is much smaller. 
Proposal 3: RAN4 to discuss antenna configuration details, e.g. 8x2, 4x2, etc and investigate the effects of number of gird points on MU (e.g. statistical analyses of EIS, directivity gain, etc.) and/or achievable SNR to see whether and how much performance can be affected due to spatially under-sampled measurement grids.
Observation 6: TRMS based Rank2 performance metric may have to allow many test directions to be exempted from performance assessment to some extent if a deviation of achievable SNR with 36 grid points is large.
Observation 7: CDF based Rank2 performance metric may not properly reflect performance distribution because it only represents a performance at a specific %-tile of CDF.
Proposal 4: RAN4 to consider both TRMS- and CDF-based performance metric for FR2 rank2 MIMO sensitivity requirements.

	R4-2011232
	vivo 
	Reply LS to NGMN on 5G NR Over The Air test methodologies and performance requirements

	R4-2010201
	Samsung
	Observation 1:	averaging approach has been widely used for FR1 OTA performance metric including 3G/4G/5G.
Observation 2:	FR2 SISO OTA performance metric is a combination of peak metric and CCDF metric.
Observation 3:	a MIMO OTA performance metric only based on CCDF with peak performance ignored is not an integrated metric.
Observation 4:	the sparse measurement grid of FR2 MIMO OTA is more suitable for average approach than “peak + CCDF” approach.
Proposal 1:	average approach shall be adopted for FR2 MIMO OTA performance metric.
Proposal 2:	define FR2 MIMO OTA performance metric as the averaging of the measured sensitivity at the test points within “MIMO OTA spherical coverage”, no more exception points are allowed.
For PC3:


	R4-2010775
	OPPO
	Proposal: Define the FR2 MIMO OTA performance metrics as averaging of the sensitivity values at the [60th]~[80th] percentile of the CCDF.



Open issues summary
Sub-topic 1-1 General
Issue 1-1-1: Work Plan for NR MIMO OTA WI 
· Proposals 
· Approve the Work Plan for MIMO OTA WI in [R4-2011204].
· Recommended WF
· Stabilize the Work Plan in the 1st round. 

Issue 1-1-2: other proposals related to WI management 
· Proposals 
· Proposal 1: NR MIMO OTA WI should follow the same procedure as previous LTE WI, stepwise open issues in [R4-2010832] table 1 need to be solved with high priority. 
· Proposal 2: The Measurement Uncertainty (MU) aspects, including potentially test tolerances etc. and their applicability should be studied together in the RAN4 WI. The WID should be revised in next plenary meeting.
· Recommended WF
· TBA. 

Sub-topic 1-2 Parameters for Performance requirements
Issue 1-2-1: Down-selecting of FR1 TDD RMC for performance requirement
· Proposals 
· Adopt 40MHz as the only channel bandwidth for FR1 TDD MIMO OTA requirement.
· Recommended WF
· Make decision on down-selection of FR1 TDD RMC. 

Issue 1-2-2: Down-selecting of FR2 RMC for performance requirement
· Proposals 
· Option 1: Select 16 QAM DL modulation for FR2 2x2 MIMO OTA performance requirement. 
· Option 2: 
a. Select 64 QAM RMC to define the FR2 MIMO OTA requirements for n257/n258/n261.
b. Further study the feasible SNR and RMC down selection for n260. The following aspects could be considered:
· Use smaller channel bandwidth for 64QAM RMC, e.g. 50MHz 
· A hybrid approach of considering both 16QAM and 64QAM
· Recommended WF
· Make decision on down-selection of FR2 RMC. 
Issue 1-2-3: Down-selecting of channel models for performance requirement
· Proposals 
· Proposal 1: Keep both FR1 UMi CDL-A and FR1 UMa CDL-C for 4 Rx bands and 2Rx bands, respectively. 
· Proposal 2: Make decision on FR2 channel model down-selection based on simulation results or measurement results.
· Recommended WF
· Make decision on down-selection of channel models. 
Sub-topic 1-3  How to specify performance requirements
Issue 1-3-1: FR2 MIMO OTA performance metric
· Proposals 1: 
· Option 1: averaging of the measured sensitivity at the test points within “MIMO OTA spherical coverage”, no more exception points are allowed:
· “MIMO OTA spherical coverage” means the spherical coverage in terms of MIMO OTA sensitivity rather than EIS.
· for PC3 smartphone, the performance metric can be express as following:

· Option 2: averaging of the sensitivity value at the [60th]~[80th] percentile of the CCDF.
· Option 3: a hybrid approach, e.g. both TRMS- and CDF-based performance metric.
· Proposal 2: discuss antenna configuration details, e.g. 8x2, 4x2, etc and investigate the effects of number of gird points on MU (e.g. statistical analyses of EIS, directivity gain, etc.) and/or achievable SNR to see whether and how much performance can be affected due to spatially under-sampled measurement grids.
· Recommended WF
· TBA
Issue 1-3-2: Throughput outage level for FR1 performance requirements
· Proposals 
· Proposal 1: for NR FR1 MIMO OTA, selecting only one outage point of TP@ 70% to identify the UE performance. TP@95% should also be considered as another criteria for checking whether the UE can pass 10 of total 12 rotations.
· Recommended WF
· TBA

Issue 1-3-3: Framework on how to define NR MIMO OTA requirements
· Proposals 
· Proposal 1: NR MIMO OTA requirement work can follow the similar approach with LTE MIMO OTA, lab alignment activity is needed before collecting trustable UE measurement results. [WI Work Plan] and [R4-2010832]
· Proposal 2: Channel model validation results shall be one of the main conditions that MIMO-results-submitting companies need to meet to define the final performance requirements.
· Recommended WF
· TBA

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

	Keysight
	Sub topic 1-1: 
Issue 1-1-1 (Work Plan for NR MIMO OTA WI)
It is not very clear what the two phases are: phase 1: core part; phase 2: performance requirements or phase 1: FR1 followed by phase 2: FR2?
The FR2 schedule is a bit at risk considering some items need to be finalized: probe placements in R4-2010774, the FR2 PSP validation in R4-2010833.
The FR1 schedule is a bit at risk if hand phantoms are prioritized since the wide grid hand phantom has not been introduced in 3GPP and likely requires discussions with CTIA. 
Issue 1-1-2 (other proposals related to WI management)
As outlined in the WID and as done for NR FR2 OTA, it is suggested to keep the MU work in RAN5 and not task RAN4 with it. 
Sub topic 1-2:
Issue 1-2-3: Down-selecting of channel models for performance requirement
We agree to keep FR1 UMi CDL-A for 2x2 MIMO and FR1 UMa CDL-C for 4x4 MIMO.  We suggest to keep both InO CDL-A and FR2 UMi CDL-C channel models to expose the UE with channel models exhibiting different characteristics and different complexities. 
Sub topic 1-3:
Issue 1-3-3: Framework on how to define NR MIMO OTA requirementsIt would be good to define the requirements framework ahead of time. Is the plan to use re-use the Joint Band Passing Rate (JBPR) framework that was used for LTE MIMO OTA? If so, it would be good to define the limits ahead of time and not during the review of JBPR spreadsheets. 
Others:

(vivo) To keysight: regarding Issue 1-2-3, we believe UMi is for 4x4 and Uma for 2x2. Could you clarify your comments?
(to vivo): correct, this was a typo, we did not mean to change the previous agreement. As stated in 7.1 of 38.827
FR1 scenarios:
· For 2x2 MIMO: Urban Macro
· For 4x4 MIMO: Urban Micro
Regarding Issue 1-3-3, just a clarification, the JBPR was used for LTE SISO OTA with no conclusions, but not for LTE MIMO OTA requirements. All the LTE MIMO OTA requirements were defined based on the CDF value per band.

	Huawei
	Sub topic 1-1: 
Issue 1-1-2: other proposals related to WI management 
We suggest to include MU in this RAN4 WI. Because people may have different understanding about MU of OTA requirements, including values and even the applicability (e.g. CCSA donot allow any MU for OTA requirements). So it is better to combine the discussion of MU with the requirements to avoid potential ambiguity. And as done for LTE MIMO OTA, combination of requirements and MU had led to success.
Sub topic 1-2:
Issue 1-2-2: Down-selecting of FR2 RMC for performance requirement
Prefer option1 i.e. 16QAM only, as the feasible SNR is not enough to support 64QAM for all FR2 configurations e.g. high bands, different directions within spherical coverage etc.
Issue 1-2-3: Down-selecting of channel models for performance requirement
Regarding FR2 InO CDL-A or FR2 UMi CDL-C, we think that only “one” should be selected as we agreed in previous discussion and captured in WID.
Sub topic 1-3:
Issue 1-3-1: FR2 MIMO OTA performance metric
We prefer option1 as in our paper R4-2010832

	Samsung
	Sub topic 1-2:
Issue 1-2-1: Down-selecting of FR1 TDD RMC for performance requirement
We agree with the proposal of vivo and CAICT, i.e. 40MHz test bandwidth for FR1 TDD. During SI phase we also propose 40MHz in our approved contribution R4-1911410 to align with TS 38.101-4 performance test cases.
Issue 1-2-2: Down-selecting of FR2 RMC for performance requirement
We prefer down-select to only one RMC between 16QAM and 64QAM for all FR2 bands. Hybrid approach will make test results not comparable to define different RMC for different bands. Before SNR range is approved feasible for 64QAM, 16QAM is promising candidate.
Issue 1-2-3: Down-selecting of channel models for performance requirement
We share the same view with Huawei that it is better to down-select to only one channel model for FR2.
Sub topic 1-3:
Issue 1-3-1: FR2 MIMO OTA performance metric
We also prefer option1 as in our paper R4-2010201

	vivo
	Sub topic 1-1: 
Issue 1-1-1 (Work Plan for NR MIMO OTA WI)
The timeline and arrangement of core part and performance part (i.e. starting time, close time, TU, etc,) was agreed with the WID together in RAN plenary, this is not RAN4 discussion scope. Therefore, just for clarification, the two-Phase approach means FR1 requirement first and then FR2 requirement, based on that network and UE commercialization status of FR1 in the industry is much faster. 
From project management perspective, we think the work plan of this version is clear and efficient within the Rel-17 timeline, based on the approved WID.
Regarding the phantom’s priority, we would like to respect the agreed scope in the WID that FS is the 1st priority. Have no concern to start developing phantom related requirements after we finalize at least one requirement of FS. 
Issue 1-1-2: other proposals related to WI management
The timeline is aggressive within one year to finalize both the FR1 and FR2 MIMO OTA requirements. Follow the similar approach of FR2 work, we prefer to keep the WID as it is, let RAN5 take the MU related work. 

Sub topic 1-2:
Issue 1-2-1: Down-selecting of FR1 TDD RMC for performance requirement
We agree with the proposal that 40MHz should be selected as the only channel bandwidth for FR1 TDD MIMO OTA requirement.
Issue 1-2-2: Down-selecting of FR2 RMC for performance requirement
We agree with proposal 1 that 16 QAM DL modulation should be selected for FR2 2x2 MIMO OTA performance requirement.
vivo has strong concerns about adopting 64QAM for FR2 MIMO OTA testing, we should consider the increased MU and limited dynamic range. We are open to further study 64QAM for FR2 after making decision on 16QAM as the baseline. Encourage companies to provide comprehensive system analysis to demonstrate the feasibility of 64QAM and repeatability of the UE results.
Issue 1-2-3: Down-selecting of channel models for performance requirement
We agree with proposal 1 that Keeping both FR1 UMi CDL-A and FR1 UMa CDL-C for 4 Rx bands and 2Rx bands, respectively.
Regarding FR2 channel model, the goal is to select only one for requirements in the TS, we believe following the traditional approach, we will not specify two FR2 MIMO OTA requirements for each band. Open to further discuss which FR2 model is better to identify Good or Bad UE.

Sub topic 1-3:
Issue 1-3-1: FR2 MIMO OTA performance metric
We prefer to select both 50% percentile of the CCDF value and averaging all the values better than 50% percentile. Averaging approach based on values >50% percentile of CCDF can present how good the UE could be.   
Issue 1-3-2: Throughput outage level for FR1 performance requirements
We agree that for NR FR1 MIMO OTA, we should select only one outage point of TP@ 70% to identify the UE performance. 
Regarding the TP@90% or 95% to check how many rotations (11 or 10) can pass, we can further discuss. Initial preference is checking 90% of maximum TP point, because for some UEs, the 95% value is very unstable with bad repeatability, many time-consuming retestings are need. 
Issue 1-3-3: Framework on how to define NR MIMO OTA requirements
Considering OTA requirements discussion are always controversial, clear framework on how to define the NR MIMO OTA requirements is very valuable for next steps work. Several aspects we should consider:
1)lab alignment activity, trustable results should be provided based on aligned companies.
2)channel model validation results should be provided before submitting UE results
3)considering few bands are listed as 1st priority in the WID, requirement based on per-band approach should be the basis.
4)detailed data collecting rules should be defined, for example, PC3 UE or PC2, at least how many UEs for each band, etc
5) others

	MVG
	Sub topic 1-1: 
Issue 1-1-2 other proposals related to WI management
WP does consider labs alignment to be performed before starting the performance requirements phase. This is in line with what was done for LTE MIMO OTA. MU will be a good tool for labs alignment. We are supporting to study MU in RAN4. RAN5 can then either use MU as it is or revisit it when drafting TS.
Sub topic 1-2:
Issue 1-2-3: Down-selecting of channel models for performance requirement
It looks majority view is to benefit from past experiences for LTE MIMO OTA. In that sense we think it would be good not to down-select channel models at this stage. As for LTE MIMO OTA, down-selection would be done when first data form labs will be available. 
For  FR1, we agree with Proposal 1, UMI CDL-A for 2x2 and UMa CDL-C for 4x4. 
FR2, we do support using two channel models InO, and FR2 UMi CDL-C.
Sub topic 1-3:
Issue 1-3-3: Framework on howt to define NR MIMO OTA requirements 
We think Proposal 1 can be agreeable. 
Others:

	Keysight
	Sub topic 1-1: 
Issue 1-1-1 (Work Plan for NR MIMO OTA WI)
We suggest to clarify what the phases are as the WP does not specifically lists phases 1 and 2 other than Proposal 1.
Sub topic 1-3:
Issue 1-3-3: Framework on how to define NR MIMO OTA requirements
We believe that the framework to define the limits should be clarified and agreed before collection data; thanks to vivo for clarifying that JBPR was used for LTE SISO OTA and not LTE MIMO OTA (it’s been a while). Proposal 1 of R4-2010832 points to Table 1 which seems to imply that MU is done in RAN4 including “applicability on the limit”. MU and TT should both be handled in RAN5. 

	vivo
	Sub topic 1-1: 
Issue 1-1-1 (Work Plan for NR MIMO OTA WI)
Agree that the phase 1 and phase 2 are not clearly explained in Proposal 1. However, looking into the detailed work plan, we think the two-phase approach in table 1 (R4-2011204) is easy to understand: the group will start FR2 lab alignment activity after concluding on the FR1 lab alignment, and start FR2 UE measurement results collection after concluding on FR1 MIMO OTA requirements. 
Sub topic 1-3:
Issue 1-3-3: Framework on how to define NR MIMO OTA requirements
Agree with Keysight, we can follow the general approach of LTE MIMO OTA for specifying the NR requirements, but not exactly the same way. MU and TT should both be handled in RAN5.

	Qualcomm
	Sub topic 1-1: 
Issue 1-1-1: Work Plan for NR MIMO OTA WI 
Clarifications on Phase 1 and Phase 2 in workplan are needed. Do these two phases mean core part and performance part? 
For FR2 requirements definition, the possibility of simulation approach should be considered in the workplan to finalize the core part. 
Issue 1-1-2: other proposals related to WI management 
For FR1 MIMO OTA, do we expect different MU budget compared with that in LTE MIMO OTA?
For FR2 MIMO OTA, RAN5 did the MU analysis for FR2 test cases when FR2 testability was discussed. RAN5 should have more experience on MU/TT definition. 
Sub topic 1-2:
Issue 1-2-1: Down-selecting of FR1 TDD RMC for performance requirement
Share the same view as KS, Samsung, and vivo. One clarification question: Does adopting 40MHz BW mean we also adopt SCS of 30kHz, a specific TDD UL-DL pattern, etc as a package based on Tables in TS 38.101-4? We don’t have a strong view on this, but it will be better if this can be clarified.
Issue 1-2-2: Down-selecting of FR2 RMC for performance requirement
We prefer to decide the FR2 RMC based on the technical input from companies such as required SNR for 16/64QAM in CDL-A/C channel model, and feasible SNR range analysis based on the probe’s weights. Moreover, we can consider use smaller bandwidth or hybrid approach for higher band. With that, we think further discussion on FR2 RMC down-selection is needed in next meeting. And technical input from companies is encouraged.
Issue 1-2-3: Down-selecting of channel models for performance requirement
For FR2, we prefer to define the test cases for both InO CDL-A and UMi CDL-C which are two typical scenarios for FR2 deployment.
Sub topic 1-3:
Issue 1-3-1: FR2 MIMO OTA performance metric
The approach of selecting both [50%] percentile of the CCDF value and averaging all the values better than [50%] percentile makes more sense. But before we make the decision on the performance metric, we need to study the MU/impact among the options under 36 test points to see how much performance can be affected due to spatially under-sampled measurement grids. We saw some papers from companies show the similar concerns on introducing large MU with 36 test points. Moreover, other power class e.g. PC1 should also be considered.
Issue 1-3-2: Throughput outage level for FR1 performance requirements
If Observations/References presented in R4-2010832 can hold true even for FR1 NR systems, we can support Proposal 1 in principle. We need to check the FR1 NR But because Proposal 1 won’t save us test effort in terms of test time, we want to kindly ask proponents of Proposal 1 to elaborate on what benefits are expected.
Issue 1-3-3: Framework on how to define NR MIMO OTA requirements
For FR2, we need consider the possibility of using simulation approach similar as we used in EIS requirements definition since there is a risk to have few terminals and 3D-MPAC for FR2 testing. Encourage companies to provide the input on the simulation approach.
(To vivo and CAICT on Workplan)
In general, the workplan that the FR1 requirements are one meeting ahead of FR2 is OK. But we would not like to name it phase 1 and phase 2 which seem not to treat the FR1 and FR2 equally.


	CAICT
	Sub topic 1-1:
Issue 1-1-1: Work Plan for NR MIMO OTA WI
As vivo outlined, the two phases are phase 1: FR1 requirements and phase 2: FR2 requirements. We would start the lab alignment activity (if applicable) and requirements discussion of FR1 prior to FR2 according to the schedule in Work Plan.
Issue 1-1-2:  other proposals related to WI management
Regarding Measurement Uncertainty aspects, suggest to follow the same approach that NR FR2 OTA adopted, i.e. the MU aspects will be handled in RAN WG5. 
Issue 1-2-1: Down-selecting of FR1 TDD RMC for performance requirement
The SCS should be 30kHz according to Table 8.2-3 and 8.2-5 in TR38.827, we adopt the table as a package when we do the done-selecting.
Issue 1-2-3: Down-selecting of channel models for performance requirement
We support proposal 1. Regarding the FR2 channel model for requirement, we should respect the previous agreement captured in WID that the down-selection of channel model is needed, i.e. only one requirement for each band will be defined.

	vivo
	Issue 1-1-1: Work Plan for NR MIMO OTA WI
After offline discussions with Keysight, Qualcomm and CAICT, we think the detailed work plan in Table 1 is clear enough to organize the project, and the simulation approach is also included in framework discussion part, thus we suggest to remove the proposal 1 out of the workplan R4-2011204 by a revision. Other parts are considered stable.


	MediaTek
	Issue 1-1-1: Work Plan for NR MIMO OTA WI 
It’s good to discuss all the objectives step-by-step, but the real deadline is still the WI deadline.
Issue 1-2-2: Down-selecting of FR2 RMC for performance requirement
Before down-selecting of FR2 RMC, we’d like to clarify feasible SNR deeply. For example, we have different understanding on feasible SNR calculation in R4-2011335. Be more specific, in our study the feasible SNR of n257/258/n261 would NOT be at least 10dB higher than that on n260 considering the EIS requirements and pathloss difference between two frequency ranges. And it would affect can we define 64 QAM test case or not.
Issue 1-3-1: FR2 MIMO OTA performance metric
There are many interesting proposals in the submitted Tdocs and/or in email discussion comment table. Besides, we may also consider other options, such as ” to define one X-th percentile only, that align SISO method”. 
Anyway, it is better that we have much clearer understanding on test relative set-up/condition before we define exact performance requirement framework and value.
Issue 1-3-3: Framework on how to define NR MIMO OTA requirements
It’s good to do lab alignment, however simulation data shall NOT be exclude.

	Huawei
	Sub topic 1-3:
Issue 1-3-2: Throughput outage level for FR1 performance requirements
Thank QC for very kind question. The original idea of proposal 1 was from R4-1914995 (CAICT) as referred in our document. According to my understanding, despite the fact that the testing time of proposal 1 may be similar with “two outage points of TP@ 70% and 95%”, because you need to pass 95% to reach 70%, proposal 1 is still a better choice from simplicity of the standard and the requirement perspective. According to the test data shared in R4-191499, these two points show exact same variation, one of them is enough to tell the “bad” UE or “bad” UE. The principle is if “1” is enough we do not bother ourselves with “2”.


 
CRs/TPs comments collection
TS skeleton and reply LS are included in this subsection.
	CR/TP number
	Comments collection

	R4-2011234
(TS skeleton)
	Company A

	
	Company B

	
	

	R4-2011232
(reply LS)
	
Qualcomm: It is good summary for 3GPP OTA work. One comment on potential roadmap and further future work plan part. We suggest to including the Rel-17 FR2 dynamic testing SI (RP-200998) as the potential further work plan.
vivo: we are Ok to reflect the latest status of FR2 dynamic SI discussion.

	
	Company B

	
	



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 General
	Issue 1-1-1: Work Plan for NR MIMO OTA WI
Agreement:
· Remove proposal 1, endorse the detailed work plan in Table 1 [R4-2011204] for NR MIMO OTA WI

Recommendations for 2nd round:
· Approve the updated work plan which will be revised based on the above agreements.

Issue 1-1-2: other proposals related to WI management 
Majority view agrees to keep the MU work in RAN5 and not task in RAN4. 
Agreement:
· Keep the WID as it is, the MU aspects will be handled in RAN WG5.

Recommendations for 2nd round:
· None.


	Sub-topic 1-2 Parameters for Performance requirements
	Issue 1-2-1: Down-selecting of FR1 TDD RMC for performance requirement
Agreement:
· Adopt 40MHz bandwidth and associated other parameters in Table 8.2-2 and Table 8.2-5 in TR 38.827 v16.0.0 as the only FR1 TDD RMC for FR1 MIMO OTA requirements. 

Recommendations for 2nd round:
· None.

Issue 1-2-2: Down-selecting of FR2 RMC for performance requirement
3 companies suggest to select 16 QAM for FR2 RMC, 2 companies suggest to further check the feasibility of 64 QAM for FR2 and make decision next meeting. 
Recommendations for 2nd round:
· Further discuss on this topic in 2nd round. Technical input from companies is encouraged to analyze SNR range and feasibility of 64QAM.

Issue 1-2-3: Down-selecting of channel models for performance requirement
For FR1 channel model down selection, group has aligned understanding.
For FR2 channel model down selection, 4 companies support one channel model based on the comment understanding that one requirement should be defined per band. 3 companies support to keep both InO CDL-A and UMi CDL-C for FR2.
Agreement:
· For FR1 MIMO OTA requirements, keep both FR1 UMi CDL-A and FR1 UMa CDL-C for 4 Rx bands and 2Rx bands, respectively.

Recommendations for 2nd round:
· Further discuss the down-selection of channel models for FR2 performance requirement.


	Sub-topic 1-3  How to specify performance requirements
	Issue 1-3-1: FR2 MIMO OTA performance metric
Majority view agrees that we can average all the values better than [xx%] percentile of CCDF, on top of that, 2 companies suggest to define additional [xx%] percentile value of the CCDF curve.

Recommendations for 2nd round:
· Select averaging all the values better than [xx%] percentile of CCDF as the one Figure of Merit for FR2 MIMO OTA requirement, further discuss whether we also need to specify [xx%] percentile value of the CCDF curve.
· Further discuss on this topic including antenna configuration to investigate the effect of number of grid points on potential performance metric, final conclusions can be captured in the WF. 

Issue 1-3-2: Throughput outage level for FR1 performance requirements
Majority view agrees that selecting only one outage point of TP@ 70% to identify the UE performance is sufficient for FR1 if the LTE TRMS experience can apply to FR1. 
Tentative agreement:
· For NR FR1 MIMO OTA, selecting only one outage point of TP@ 70% to identify the UE performance. Further check whether how many PMODE can reach TP @ [90%] or [95%] could be an additional FoM. 

Recommendations for 2nd round:
· Further discuss on this topic, final conclusions can be captured in the WF.

Issue 1-3-3: Framework on how to define NR MIMO OTA requirements
Agreement:
· Clear requirements framework should be defined before collecting data. For FR2, simulation approach is not precluded.
Recommendations for 2nd round:
· Further discuss the detailed procedure of the framework.




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

	#1
	WF on MIMO OTA
	vivo, 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  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”

	R4-2011234
(TS skeleton)
	The content is endorsed
“to be revised”
Only change is to add the specification number.

	R4-2011232
(reply LS)
	The content is endorsed
“to be revised”
Only change is to add the latest status of FR2 dynamic SI discussion.

	R4-2011204
(Work Plan)
	The detailed work plan in Table 1 is endorsed
“to be revised”
Only change is to remove proposal 1.



Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
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”



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

	R4-2010833
	HUAWEI, HiSilicon
	Proposal 1: Prefer radius of 10cm PSP validation results rather than 5cm is needed for FR2 3D-MPAC systems.

	R4-2011202
	Spirent Communications
	Proposal 1. Add the alternative spatial correlation validation based on time domain techniques.

	R4-2011233
	vivo, CAICT
	Proposal 5: Simulation analysis and measurement results from CE vendors and Labs are encouraged to specify the pass/fail limit as soon as possible.   
Proposal 6: Channel model validation results shall be one of the main conditions that MIMO-results-submitting companies need to meet to define the final performance requirements.

	R4-2010776
	OPPO
	Proposal: The uncertainty or deviation brought by spatial channel difference should be considered and evaluated under the specified Pass/Fail criteria of channel model validation

	R4-2011216
	Keysight Technologies
	Proposal 1: Include this example illustration in Table 1 in the new WI TS or in the SI TR [6]
Proposal 2: For positioner/probe configurations that do not introduce blocking, the new WI TS shall capture that a limited QoQZ validation approach (similar to re-positioning concept) is sufficient.
Proposal 3: For positioner/probe configurations that introduce blocking, the new WI TS shall capture that the re-positioning concept can be applied to the test cases and QoQZ validation.
Proposal 4: The re-positioning concept with respect to the QoQZ validation needs to be further clarified in the WI

	R4-2010774
	OPPO
	Proposal: The measurement probe surface shall avoid being perpendicular to the AZ Stage axis in the implementation of 3D-MPAC system, i.e. the measurement probe shall not be placed above the turntable.



Open issues summary
Sub-topic 2-1 System validation
Issue 2-1-1: PSP validation procedure 
· Proposals 
· Proposal 1: Prefer radius of 10cm PSP validation results rather than 5cm is needed for FR2 3D-MPAC systems.
· Recommended WF
· TBA

Issue 2-1-2: Spatial correlation validation procedure
· Proposals 
· Proposal 1: Add the alternative spatial correlation validation based on time domain techniques.
· Recommended WF
· TBA

Issue 2-1-3: pass/fail criteria of channel model validation
· Proposals 
· Proposal 1: Simulation analysis and measurement results from CE vendors and Labs are encouraged to specify the pass/fail limit as soon as possible
· Proposal 2: The uncertainty or deviation brought by spatial channel difference should be considered and evaluated under the specified Pass/Fail criteria of channel model validation.
· Recommended WF
· TBA
Issue 2-1-4: FR2 QoQZ validation procedure
· Proposals 
· Proposal 1: For positioner/probe configurations that do not introduce blocking, the new WI TS shall capture that a limited QoQZ validation approach (similar to re-positioning concept) is sufficient.
· Proposal 2: For positioner/probe configurations that introduce blocking, the new WI TS shall capture that the re-positioning concept can be applied to the test cases and QoQZ validation.
· Proposal 3: The re-positioning concept with respect to the QoQZ validation needs to be further clarified in the WI.
· Recommended WF
· TBA

Sub-topic 2-2 UE orientations clarification 
Issue 2-2: UE orientations clarification in 3D-MPAC system
· Proposals 
· Proposal 1: Include this example illustration in R4-2011216 Table 1 in the new WI TS or in the SI TR.
· Proposal 2: The measurement probe surface shall avoid being perpendicular to the AZ Stage axis in the implementation of 3D-MPAC system, i.e. the measurement probe shall not be placed above the turntable.
· Recommended WF
· Further clarification is needed to avoid possible confusion or misunderstanding.

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

	Keysight
	Sub topic 2-1: 
Issue 2-1-1: PSP validation procedure
As outlined in the last meeting [R4-2009047], “Reducing the radius of the virtual array/test point configuration allows a significant reduction of test points and thus test time which was raised as concern in the last meeting. We believe this reduced radius of 5cm allows a good compromise of test time and PSP validation efficiency.” Increasing this radius to 10cm will require a new investigation of virtual array configurations, result in at least 2x validation test time, and more importantly unnecessarily delay the readiness for FR2 performance requirement measurement campaigns. The ultimate goal of this validation is whether the channel model has been implemented properly and not to verify the PSP metric within the test volume; we therefore believe the test with a 5cm radius is sufficient. 
Issue 2-1-2: Spatial correlation validation procedure
Before agreeing to the time-domain validation procedure, we would like to see empirical results comparing the frequency-domain and time-domain approaches showing agreement and convergence. Sub topic 2-2:
Issue 2-2: UE orientations clarification in 3D-MPAC system
A clustered multi-probe configuration coupled with a 3D scan is certainly more complex than anticipated. The 3D uniformly spaced test points from Table 6.2.3.2-1 are shown below
[image: ]
When we assume a single probe in the y direction (in OTA systems, the y direction is commonly perpendicular to the positioner/turntable controlling the  coordinate), the DL directions the UE would experience are shown in the following figure
[image: ]
Clearly, the UE would experience the DL from a non-uniform set of points in the horizontal plane even though the UE rotations suggest a 3D uniform test point configuration. 
Various changes in system and probe configurations have been considered to enable a uniform 3D scan. However, each comes with additional system complexities and a need to specify positioner architectures that were not agreeable in the past. For these reasons and given that some ambiguities highlighted in R4-2006742 were not resolved in the last meeting, it is proposed to consider a test procedure similar to NR FR1 MIMO OTA with three principal 2D scans. This approach of three 2D scans along the xy axis with 12 test points each, i.e., 36 test points total as previously agreed in Table 6.2.3.2-1, would easily allow different system configurations/architectures, avoid ambiguities, and not require a change the current NR FR2 MIMO probe configurations/coordinates. The test points, probe configuration, and one sample system configuration are illustrated below for FS DMSU (left), FS DMP (center), and FS DML (right). 
[image: ] [image: ][image: ] 
Others:

	Spirent
	Issue 2-1-2: Spatial correlation validation procedure
38.827 has not settled the VNA settings, nor the number of traces yet. But if we make the same assumptions as in 4G LTE spatial correlation validation, the VNA is set to zero span, and 1 point. Essentially, the VNA is configured as a time domain instrument, and 1000 traces are collected per spatial point. The figure below shows the time sampling points for the VNA and Signal Analyzer for a given spatial point.
[image: ]
It can be seen that the number of points collected by the Signal Analyzer is about 48 times bigger than those collected with the VNA (only 1000 for 4G LTE every 2λ at minimum). Since the number of time sampling points much bigger, this will improve a lot the spatial correlation estimate. Below is the spatial correlation for UMa/UMi used in 4G LTE using the time domain technique compared to theoretical values.
[image: ]

[image: ]
Notice the curves are so smooth because time domain techniques are so fast that one can afford having more spatial sampling points. In the two plots above, the spacing is 0.05λ, instead of the mandated 0.1λ. Notice time domain techniques can be used to eliminate the unequal sampling in 38.827, where some quadrants have more sampling points than others.

	OPPO
	Issue 2-2: UE orientations clarification in 3D-MPAC system
Regarding the previous email discussions and contributions, we believe that a question need clarification. What is the meaning of test points tabulated in Table 6.2.3.2-1 of TR38.827? As our understanding, they represent the directions (i.e. the angle of incidence) with respect to the UE’s coordinated system where the DL signal from FR2 antenna probes communicating with the UE.
Then, considering Keysight’s comment above, there are two options:
1) Modify 36 test points in Table 6.2.3.2-1 to make them distributing on 3 principal 2D scans, as Keysight proposed;
2) Keep previous consensus on 36 test points, and further find solutions that can perform 3D scan and avoid ambiguities.
It is recommended to make decision ASAP, because it’s the basis of the following tasks, i.e. channel model validation, lab alignment, process of FR2 data.
Our preference is Option 2. 

	Keysight
	Issue 2-2: UE orientations clarification in 3D-MPAC system
While FR2 test points were defined as 3D uniformly spaced points with the intent to replace the three 2D scans that were adopted for FR1 MIMO OTA from LTE MIMO OTA, we did not have a UE rotation definition until last meeting. The typical OTA approach to rotate the test point to the z axis was adopted per R4-2006743. However, for a multi-probe MIMO OTA system, you cannot guarantee that the DL directions from all probes match the coordinates of the test points for multi-cluster channel models. For instance, an LTE (NR) MIMO OTA system and 8 (16) probes will not introduce the DL from (0,0) if the test point is (0,0) for the SMCE (CDL) channel modes. You can only guarantee that the DL directions presented to the DUT matches the test points if you have a single probe in the z direction; however, MIMO OTA has multiple probes for NR FR1 and FR2. Since we were not able to resolve all ambiguities highlighted in R4-2006743 and to progress with the performance requirements definition stage, we therefore propose to adopt the same approach used in NR FR1 MIMO and LTE MIMO OTA and adopt the three 2D scans (DMSU, DMP, and DML).

	Samsung
	Issue 2-2: UE orientations clarification in 3D-MPAC system
Based on the good observation in OPPO’s contribution R4-2010774 and Keysight’s comments above, it can be concluded that the probe placed at y-axis direction can not perform 3D scan. In our view, 2D scans (DMSU, DMP, and DML) are not suitable for FR2 UE whose antenna pattern is directional. With 2D scans (DMSU, DMP, and DML), there is possibility that most of test points are outside of UE spherical coverage. Instead of reverting the 3D scan agreement, how about re-visiting the probe placement? E.g. place the probe in horizon.

	OPPO
	Issue 2-2: UE orientations clarification in 3D-MPAC system
Thanks for Keysight’s feedback and clarification. It’s getting clearer.
I agree on some of your opinions that because of MIMO, the DL signals do not come from one specific direction. Therefore, the approach of rotating the test point to the z axis is used.
However, to my understanding, the approach could be correctly used only under both of the following two conditions being satisfied, one is that channel model is 2D model, the other one is that measurement probes are placed on XZ plane.
For MIMO OTA with 3D channel model and 3D scan, it’s indeed more complex than 2D MIMO. To resolve the problems of 3D scan and ambiguities, we would like to support Samsung’s view, i.e. how about re-visiting the probe placement, such as  Option 2 in Keysight’s contribution R4-2006743?

	vivo
	Sub topic 2-1:
Issue 2-1-1: PSP validation procedure
We do not have strong view on changing 5cm to 10cm, considering there is a trade-off between larger radius and testing time. However, we would like to encourage companies to share simulation or measurement results to compare 5cm and 10cm PSP validation results, to make sure that 5cm is sufficient to present the channel model quality within 20cm test zone.  
Issue 2-1-2: Spatial correlation validation procedure
Agree with Keysight that we would like to check the comparison results of these two approaches. Spatial validation is the most time-consuming validation testing for each MPAC system, it is beneficial to agree the time-domain approach if the time-domain validation results is aligned with traditional frequency domain. 
Issue 2-1-4: FR2 QoQZ validation procedure
Not so sure if the proposed limited QoQZ validation approach is only for a specific system implementation. 

Sub topic 2-2:
Issue 2-2: UE orientations clarification in 3D-MPAC system
In general, we are supportive to add a clarification diagram for UE rotation to make sure that the test procedure in the TS is readable and easily understand. However, we have a little concern that whether the example figure restricts the FR2 MIMO OTA system implementation.
In addition, based on the agreements on resolving the ambiguities of FR2 UE rotation “In order to achieve the FR2 test points tabulated in Table 6.2.3.2-1, the UE is rotated so that the test point w.r.t. to the UE coordinate system is aligned with the test system z axis.”, we noticed that traditional OTA chamber configuration is unavailable for FR2 MIMO OTA (option 3 in R4-2006743):  
[image: ]
Keysight comment to vivo:
Option 3 has the z axis perpendicular to the y axis. Traditional OTA systems have the y axis perpendicular with the y axis. 
We think it’s better to also discuss how to resolve ambiguity issue in this system and do not preclude this typical OTA turntable approach. 
Regarding the new proposals to change FR2 from 3D to 2D, same as FR1 MIMO OTA, we are open to further discuss.

	Keysight
	Issue 2-2: UE orientations clarification in 3D-MPAC system
Placing the probes towards the top of the chamber
[image: ]
versus the horizon does not make a difference as the positioner would be rotated towards the wall and the same issue exists. 
[image: ] [image: ]
Rotating the probes towards x or z will result in new/different issues and non-uniform DL directions. I visualized DMSU (black), DMP (red), and DML (blue) grid points in a single image below
[image: ]
Are there maybe suggestions for alternative 2D cuts (other than DMSU, DML, DMP)?

	MVG
	Issue 2-1-2: Spatial correlation validation procedure
We are supporting the alternative spatial correlation procedure based on time domain. Results from Spirent are encouraging. An alignment between the two methods should be performed prior to have both methods in TR.

	R&S
	Issue 2-1-1: PSP validation procedure
As already requested last meeting, we prefer the PSP validation procedure being performed on the actual test volume (20cm diameter, 10cm radius) that will provide results comparable to the simulation results provided during the discussion that drove to the selected probe layout. 

Issue 2-1-3: pass/fail criteria of channel model validation
We agree to proposal 2, as we already proposed last meeting. Different range length or probe implementation techniques (conventional probes or IFF-based probes) will provide different PSP performance over the test volume, and therefore an impact on DUT results is expected. 

Issue 2-1-4: FR2 QoQZ validation procedure
Question for clarification: what is the difference between Proposals 1 and 2 (P2 and P3 as described in R4-2011216)? It seems that both proposals ask for a limited QoQZ validation approach.
In any case, Proposal 1 (P2 as described in R4-2011216) is not ok since the whole purpose of the QoQZ procedure is to assess chamber ripple+taper for as many as possible UE beam directions, and not only the blocking from the positioner.
Proposal 3 (P4 as described in R4-2011216) seems reasonable in order to adapt the QoQZ procedure to the concrete probe layout defined for FR2 MIMO OTA.

Issue 2-2: UE orientations clarification in 3D-MPAC system
Changing now to from a 3D scan to a set of 2D cuts implies a major change from previous agreements and, most importantly, we would drop concept of 3D coverage test. It also implies a major change on the OTA chamber design moving from a 2-axis positioner to an approach where a single axis positioner could be used.
The “non-uniform set of points” issue highlighted above get worse with a limited set of 2D cuts, but on the other hand it has been the typical case for LTE MIMO where, even though the probes for LTE are evenly spaced, the clusters are not.
According to this rationale, we think that Proposal 1, or further detailed figures, adding clarifications of how the DUT should be rotated with respect to the coordinate system should be enough to solve all issues. 

	Keysight
	Issue 2-1-2: Spatial correlation validation procedure
The results provided by Spirent above look acceptable to us and we suggest to add them to contribution R4-2011202. 
[bookmark: _Hlk48634890]Issue 2-2: UE orientations clarification in 3D-MPAC system
Oppo suggested to consider Option 2 from R4-2006743. For a single probe placed in the x direction and when applying the 36 uniformly spaced test points, the UE would perceive the test points only from the lower hemisphere (z<0); this approach, while presenting a 3D distribution of DL directions to the UE, is obviously not desirable. 
[image: ]
[image: ]
Placing probes towards z would improve the 3D distribution of DL directions (for offset probes from z, the non-uniformity is no longer given) but this configuration would introduce blocking of the DL directions from the positioner and we would continue to have ambiguities as outlined in R4-2006743.
While we agree that a uniform 3D scan would be desirable, as highlighted above, a reliable uniform 3D scan without blocking, and no ambiguities is not feasible for this multi-probe test approach. We therefore suggest to consider 2D scans as this approach is known, avoids ambiguities, and blocking. We are open to 2D scans different from NR FR1 (DMSU, DMP, DML) and could even consider non-uniform spacing of test points along the xy plane. 
Issue 2-1-4: FR2 QoQZ validation procedure
After offline discussions with R&S, we will be working on a revised contribution further clarifying the proposals related to the QoQZ. 
Issue 2-1-1: PSP validation procedure
A brief comment to R&S based on their statement:
“As already requested last meeting, we prefer the PSP validation procedure being performed on the actual test volume (20cm diameter, 10cm radius) that will provide results comparable to the simulation results provided during the discussion that drove to the selected probe layout”
The FR2 probe layout was selected based on PSP% simulations that sampled PSP on hundreds of points within the test volume. The intention of the PSP validation should not be to validate those PSP% results but to validate that the channel model is implemented properly. 

	vivo
	Issue 2-2: UE orientations clarification in 3D-MPAC system
Considering this is the basic aspect for FR2 MIMO OTA testing, we should make decision in this meeting. Several options we can consider:
1. specify positioner architectures and also relative position of probes and positioners, to make sure each lab can follow exactly the same rule of UE rotating to avoid ambiguities. 
2.keep positioner blocking effect as it is, considering few bad performance points will fall into the lower part of CDF curve. Further checking how much impact on the final performance of UE would be. 
3.change UE rotation to 2D scan, similar to FR1. However, the FR2 UE beams are directional, how the cuts selection will have non-negligible impacts on FR2 antenna panels implementation. 


	Qualcomm
	Sub topic 2-1: 
Issue 2-1-1: PSP validation procedure 
Clarifications question to the TE and CE vendors: with 5cm radius for PSP validation, does it mean the UE for other power class e.g., with larger than 5cm antenna array, would not be tested in the chamber?
Issue 2-1-3: pass/fail criteria of channel model validation
No need to introduce additional MU for channel validation procedure. The absolute PSP metric will be specified for channel model validation.
Sub topic 2-1: 
Issue 2-2: UE orientations clarification in 3D-MPAC system
We had a lot of discussion in SI on 2D or 3D scans should be used for FR2 MMO OTA. Considering the characteristics of FR2 and different implementation from UE vendors, we finally selected 3D scans. So, we prefer to keep the agreement from SI i.e., 3D scans. Regarding the complexity of UE orientation with multiple probes, it is not clear why it would be different for 2D or 3D since with any approach multiple cluster is needed. Based on our understanding, we can use for example one of the probes as the reference to align the coordinates of test points. In this case, though we can’t guarantee the test direction is from the reference probe, there should be the same offset for all the test points. 


	Keysight
	Sub topic 2-1: 
Issue 2-1-1: PSP validation procedure 
Based on the simulation results presented in the last meeting, the 5cm radius procedure should accurately determine whether the channel model has been implemented properly. It should not preclude us from testing larger devices/antennas. While we are not opposed to look into PSP validation of larger test zones, but we believe the existing approach should be considered the baseline for the performance requirements work. 
Sub topic 2-1: 
Issue 2-2: UE orientations clarification in 3D-MPAC system
While we fully agree that a uniform 3D scan would be desirable, Oppo in their contribution and KS in this summary have pointed out that probes along the y axis would not result in the UE being presented with DL directions uniformly in 3D even though the 3D UE rotations are performed uniformly in 3D. 
I do not think that we can downselect a single positioner architecture based on discussions and feedback in the last meeting. Avoiding ambiguities were discussed in the last meeting but we could not agree on resolving them all.
As highlighted earlier, performing a set of 2D scans would allow us to avoid all ambiguities, avoid blocking of positioner, allow system vendors to adopt potentially less complex positioning architectures (as pointed out by R&S), allow controlled scans, and harmonize the test procedure with FR1. If DMSU, DML, DMP scans are not desirable because of the directive nature of antennas, we could consider different scans such as P0, L0, and P45 (DMP) and avoid DMSU which some OEMs had concerns with earlier. 


	CAICT
	Issue 2-1-1: PSP validation procedure
Either simulation or measurement results comparison among radius of 5cm and 10cm PSP validation is encouraged before we make decision on whether to change the radius from 5cm to 10cm or not.
Issue 2-2: UE orientations clarification in 3D-MPAC system
The options suggested by vivo make sense. Considering the three 2D scan is a typical approach for LTE MIMO OTA, it would be beneficial for system implementation and avoiding ambiguous and blocking if this approach can be adopted for FR2 MIMO OTA. We are open to further discuss how to select the 2D cut (maybe different from LTE MIMO OTA).

	R&S
	Issue 2-2: UE orientations clarification in 3D-MPAC system
Following offline discussions and some of the comments above, there are still options to implement 3D scans (i.e. probes placed around the +z direction, theta = 0º / phi = 0º) but assuming some drawbacks: 
· Re-positioning would become almost mandatory, affecting the test time.
· Some of the probes will not be perceived with constant density over different test points 
· Detailed definition of DUT rotations (and thus limiting system positioner implementations) will be required. 
On the other hand, changing to 2D scans approach will simplify many of these aspects, but then the selection of DUT orientations is key and will hold-off the definition of requirements.
Group should discuss on the compromise between test time and system complexity versus the advantages to keep a 3D scan.

	Samsung
	Issue 2-2: UE orientations clarification in 3D-MPAC system
Obviously, 2D scan is easier, but why had we not adopt 2D after a long discussion in previous meetings? as long as traditional 2D scan is feasible, we are more than happy to adopt 2D. The problem is 2D scan is not feasible for FR2. One of the main issues is black box approach will not be applicable, because the beam peak direction has to be found and align the beam peak to an coordinate axis before MIMO OTA test. Reverting previously agreed 3D scan to 2D scan may lead to waste of time and no outcome eventually. We’d better be careful on this issue.

	OPPO
	Issue 2-2: UE orientations clarification in 3D-MPAC system
We agree with vivo that the decision should be made in this meeting. Regarding vivo’s proposed options, we prefer Option 1 or Option 2 based on the similar concern with Samsung and the agreement of 3D scan in SI.
After summarizing the above comments and concerns from companies, we are trying to propose a 3D scan implementation solution as below with minimized ambiguity and blocking issues.
The solution is based on Option 2 from Keysight’s contribution R4-2006743, with the measurement probes moving to Z direction, i.e. turning the turntable +90° to make Z axis of the coordinate system pointing to the measurement probes. Yes, as Keysight and R&S mentioned above, there are ambiguity and blocking issues under this implementation. But some methods help to solving the problem.
Ambiguity issue: 
As a foundation, the rotation rule captured in TR38.827, “In order to achieve the FR2 test points tabulated in Table 6.2.3.2-1, the UE is rotated so that the test point w.r.t. to the UE coordinate system is aligned with the test system z axis.”, should be obeyed. Then, ambiguity issue can be solved by limiting the turntable rotation range from 0 to 180° only。
Blocking issue:
When we look at the typical combined-axis system used in SISO OTA, the positioner also has chance to turn to the position between DUT and measurement antenna, i.e. blocking issue exists. The way to deal with this blocking issue for SISO OTA is not re-positioning, but considering the required test area on the 3D surface, i.e. the theta-axis ripple test only extends to theta = 165°. Following this logic, the biggest theta angle needed in FR2 MIMO OTA is 166.7° (the biggest theta angle in Table 6.2.3.2-1 of TR38.827 is 161.7°, plus 5° coming from measurement probe distributed on theta/ZoA direction). The area with theta angle bigger than 166.7° do not need to be validated. And simulations and investigations on the positioner blocking effect when the DL direction is 166.7° are encouraged from TE venders and other companies
On the other hand, from the experience of SISO OTA, we have the confidence that theta angle smaller than 165° is “safe”. There are only two test points among 36 uniform distributed test points, i.e. (160.6, -67.4) and (161.7, 59.1), dropped in the “un-safe” area. If these two point are really affected by the positioner, can we make a compromise to move them slightly to “safe” area?


 
CRs/TPs comments collection

	CR/TP number
	Comments collection

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



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 System validation
	Issue 2-1-1: PSP validation procedure
Recommendations for 2nd round: 
· Discuss whether we can use 5cm PSP validation for performance requirements work as baseline, and further compare 5cm and 10cm PSP to check if 5cm is sufficient.

Issue 2-1-2: Spatial correlation validation procedure
Agreements:
· Time domain approach for FR1 spatial correlation validation is agreed as the alternative method.
Recommendations for 2nd round:
· Further discus the detailed procedure for time-domain based FR1 spatial correlation validation.

Issue 2-1-3: pass/fail criteria of channel model validation
Agreements:
· Simulation analysis and measurement results from CE vendors and Labs are encouraged to specify the pass/fail limit as soon as possible.
Recommendations for 2nd round:
· Further discuss the potential next steps for this topic. 

Issue 2-1-4: FR2 QoQZ validation procedure
Tentative agreements:
Recommendations for 2nd round:
· Further discuss whether we need to update the QoQz validation procedure, and how to optimize.


	Sub-topic 2-2 UE orientations clarification
	Issue 2-2: UE orientations clarification in 3D-MPAC system
Changing agreed 3D rotation to 2D scan is raised this meeting, however majority view suggests to focus on how to resolve the 3D rotation issues. 
It was identified that placing probes in the y direction would severly limit the ability of the UE to perceive DL directions of the NR MIMO probes in elevation. Shifting probes towards the x axis would also not result in a uniform 3D distribution of DL directions perceived by the UE.
Two alternatives were proposed:
·        Keep the NR MIMO probes towards the y direction and perform a series of 2D scans (similar to FR1). The advantage of this approach was that blocking by positioner can be minimized and that all ambiguities can be resolved easily. On the other hand, the re-positioning concept from UE RF would have to be adjusted for the NR MIMO.
·        Rotate the probes towards the z axis and perform the 3D scan as agreed before. The avantage of this approach is that the re-positioning approach from UE RF could be re-used and easily applied to NR MIMO. On the other hand, blocking of the positioner can be avoided only when adopting the re-positioning concept (as UE RF) and ambiguities in positioning need to be resolved.
Other proposals are also discussed, e.g., clarify how the DUT should be rotated, slightly modify the 36 test point.
Recommendations for 2nd round:
· Further discuss suitable approach to clarify system configuration and UE orientations. Identify a proper way to conclude 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  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”

	R4-2011202
	“to be revised”
Add LTE comparison results of this method.

	R4-2011216
	“to be revised”
Further clarification is needed.



Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
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”



Topic #3: Others (including Rel-15 TR38.810 maintenance)
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2010833
	HUAWEI, HiSilicon
	Proposal 2: We should research MIMO OTA performance requirement with head/hand phantoms in FR1 at first.

	R4-2010831
(TR38.827 CR)
	Huawei, HiSilicon
	CR for 38.827 on editorial corrections
Section 4.3 FR1 frequency range
Section 6.2.3.2 reference section number
Section 6.5 editorial corrections and reference section number
Section 7.3 editorial correction
Section 7.4.1.5 incorrect table titles

	R4-2011414
(TR 38.810 CR)
	Keysight Technologies
	Beam correspondence – SRS configuration corrections in section 5.2.1.3.7
Clarifed the ‘usage’ as ‘beamManagement’ for the up to 8 SRS resources.
Added the creation of an additional SRS resource set of type ‘semi-persistent’ and ‘usage’ set to ‘codebook’.
Clarified how the spatial relationship is set during semi-persistent SRS activation.



Open issues summary
Sub-topic 3-1 FR1 requirement with head/hand phantoms
· Proposal
· Proposal 1: We should research MIMO OTA performance requirement with head/hand phantoms in FR1 at first.
· Recommended WF 
· TBA

Sub-topic 3-2 CR for 38.827 on editorial corrections
· CR R4-2010831
· CR for 38.827 on editorial corrections in section 4.3, 6.2.3.2, 6.5, 7.3 and 7.4.1.5.
· Recommended WF.
· No agenda for TR38.827 maintenance this meeting, need to come back next meeting if AI for TR38.827 maintenance is added.

Sub-topic 3-3 Rel-15 TR38.810 maintenance in AI 4.11
· CR R4-2011414
· Beam correspondence – SRS configuration corrections in section 5.2.1.3.7.
· Recommended WF
· TBA 
Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Keysight
	Sub topic 3-1: 
As outlined earlier, introducing the remaining hand phantoms, e.g., wide grip hand phantom and/or two-handed grid requires discussions with CTIA where those phantoms have been developed. This could very well lead to additional delays in NR FR1 requirements definitions.


	OPPO
	Sub topic 3-1:
We have the same concern with Keysight. From the experience of LTE SISO OTA and MIMO OTA, free space is a good basis and typical reference on defining the performance requirement.

	Samsung
	Sub topic 3-1:
Our understanding is that free space should be prioritized for both FR1 and FR2. After that (FR1 FS & FR2 FS), phantom MIMO OTA as second priority can be considered for FR1 ahead of FR2.

	vivo
	Sub topic 3-1
We should respect the agreed scope in the WID. FS is the 1st priority. Have no concern to start developing phantom related requirements after we finalize at least one band requirement for FS.

	Qualcomm
	Sub topic 3-1:
We can reuse the hand phantoms in CITA. FS is with high priority then the requirements with hand phantom can be specified based on the phantoms defined in CITA.

	CAICT
	Sub topic 3-1: FR1 requirement with head/hand phantoms
We have the same concern with Keysight and OPPO, the FR1 schedule would be at risk if the head/hand phantoms for FR1 requirements is considered as 1st priority, and the schedule for FR2 requirement will also be impacted.
Considering the timeline of the WI, suggest to keep the agreement in WID that the performance requirement with head/hand phantoms is 2nd priority. Further discuss head/hand phantoms related issues after we have some conclusions on FS requirements definition.

	MediaTek
	Sub topic 3-1: FR1 requirement with head/hand phantoms
Follow WID priority is more made sense; moreover, FR1 and FR2 shall be decoupled about define phantom head/hand test and/or free-space test.


 
CRs/TPs comments collection
	CR/TP number
	Comments collection

	R4-2010831
	Moderator: This CR is not suggested to be treated this meeting. No AI for TR38.827 maintenance.

	R4-2011414
	Samsung: for EIPP test of codebook based PUSCH transmission, the proposed CR is feasible.
Qualcomm: Support.



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 3-1 FR1 requirement with head/hand phantoms
	Agreements:
· Keep the agreed scope in the WID, the performance requirement with head/hand phantoms is 2nd priority
Recommendations for 2nd round:
None

	Sub-topic 3-2 CR for 38.827 on editorial corrections
	Recommendations for 2nd round:
None

	Sub-topic 3-3 Rel-15 TR38.810 maintenance in AI 4.11
	The CR: R4-2011414 is Agreeable.
Recommendations for 2nd round: 
None



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  

	R4-2011414
	Agreeable

	R4-2010831
	Not treated



Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
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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Introduction


 


I


n the last RAN plenary meeting, 


a new Work Item on Multiple Input Multiple Output (MIMO) Over


-


the


-


Air (OTA) 


performance requirements for NR UEs was approved.


 


 


Objective of core part WI


：


 


The objective of this Work Item is to specify MIMO 


OTA performance requirements for NR FR1 and FR2 UEs


，


 


including bo


th SA and NSA. The Work 


Item�s outcome shall be captured in TS 38.xyz. 


 


 


Investigate and specify the following aspects:


 


-


 


The work is based on the outcome of SI in TR38.827.


 


-


 


Define requirem


ents for the following device types:


 


-


 


Smartphone is the first pr


iority


 


-


 


Tablet


 


-


 


Wearable device


 


-


 


Fixed wireless access (FWA) terminal


 


-


 


Laptops


 


-


    


The performance requirement shall include both NSA and SA


 


-


    


Down


-


selecting of parameters for RMC in 


TR38.827


 


 


-


 


Down


-


selecting of Channel models in TR38.827 for 


perf


ormance


 


requirement 


 


-


    


Specify up to spatial multiplexing rank 4 requirements for FR1 and up to spatial multiplexing rank 2 requirements for FR2


 


-


 


Define the pass


/fail criteria for


 


channel model validation, both FR1 and FR2


 


•


 


Comparison among radius of 5c


m and 10cm PSP validation results is needed for FR2 3D


-


MPAC systems.


 


•


 


Further check if we need to specify the reference antenna for FR2 validation 


 


•


 


Further check whether vertical polar


ization is sufficient for FR1 Spatial Correlation validation 


 


-


 


Consider 


the SNR analysis for RMC down selection and FR2 requirements definition


 


-


 


MIMO OTA performance requirement with head/hand phantoms is second priority 


–


 


this will be in 


collaboration with CTIA who plan to 


work on these aspects


 


-


 


Consider positioner blocking


 


effect on specifying performance requirement for FR2


 


-


 


Identify exceptional requirements that need to be tested for NSA TRMS


 


•


 


Example: NSA TRMS requirements for potenti


al UE self


-


interference due to IMD3 in EN


-


DC


 


-


 


Define how to process the measurement data for FR2 


 


•


 


Averaging of the measured sensitivity points, or define sensitivity value based on the CCDF


 


•


 


Other approach is not precluded


 


-


 


Potential optimization of test 


methods for FR1 and FR2 is not precluded: e.g


. 


 


•


 


Further work is suggested to illustrate the DUT rotations


 


•


 


For FR2, further work to check if test points rotations are to be implemented per channel model to compensate for channel mod


el 


rotations


 


•


 


For FR2, re


-


positioning of the NR MIMO probes to align th


e probes with NR FR2 RRM probe configurations.


 


•


 


For FR2, 


alternative probe configurations (different locations and different number of probes) regardless of probe implementation


.


 


The Measurement Uncertainty (MU) 


aspects, including potentially test tolerance


s, and test procedures will be handled in RAN WG5. During the course of 


this work item, ongoing communication with 3GPP RAN WG5, CTIA OTA Working Group (MOSG, 5G mm


-


wave OTA Sub


-


Working group and 


MUSG), and CCSA


 


TC9 WG1 shall be maintained to ensure indust


ry coordination on this topic.


 


Objective of Performance part WI


:


 


Specify the FR1 MIMO OTA


 


requirements:


 


•


 


FR1 TRMS requirements for NSA and SA


 


-


 


For NSA mode, only NR MIMO OTA requirements will be specified and no additional LTE MIMO OTA requirements will be 


i


ntroduced. 


 


-


 


Define the detailed Figure of Merit for TRMS


,


 


e.g. TRMS@70% or 95% Max


-


Throughput 


 


-


 


Band n41, n77,n


78 and n79 are the first priority 


 


-


 


Requirements for SA are the first priority 


 


•


 


Only specify 4x4 MIMO OTA requirement for 4Rx antenna bands


 


Specify


 


the FR2 MIMO OTA


 


requirements:


 


•


 


Define the detailed Figure of Merit for FR2 


 


-


 


Based on how to process the data,


 


specify the sensitivity value 


 


•


 


FR2 requirements


 


-


 


Band n257, n258, n260 and n261 are the first priority
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