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1
Introduction
Given that the RAN4 #93 meeting is the final meeting in the current work plan for the study on test methods for NR MIMO OTA [1], this contribution provides proposals for concluding the SI.
2
Discussion (for information)
2.1
Background
The objectives of the study item are [1]:
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Considering the existing SI status reports, which span four RAN Plenary meetings, we can identify the aspects which have been concluded.

1. Completed by RAN #82 [3]:
· Baseline performance metrics for NR MIMO OTA testing was agreed 
· TP on figure of merit in FR1 and FR2 static MIMO OTA was approved
· MPAC was agreed to be the reference methodology for NR FR1
· RTS was agreed to be a harmonized methodology for NR FR1
· Test Scenarios for NR MIMO OTA was agreed
2. Completed by RAN #83 [4]:
· BS antenna pattern assumption was defined
· Parameters for channel model simulation were agreed

· Baseline channel model scaling procedure was defined 
3. Completed by RAN #84 [5]:
· Channel model scaling procedure was finalized
· Verification of the Channel Models was agreed
· For FR1 MIMO OTA channel model, same verification parameters with LTE (Power Delay Profile (PDP), Doppler/Temporal correlation, Spatial correlation, Cross-polarization, Power validation) is utilized to guarantee the channel model implementation.
· Criteria of test zone size was agreed
· FR1: spatial correlation curve with [x%] RMS error, within the agreed 20cm test zone size (i.e. within a 10cm radius from the center) on each frequency band
· For FR2, the metric is PSP in 3D
· Orientations for FR1 MIMO OTA static testing was agreed
· Channel models parameters for NR MIMO OTA was agreed
4. Completed by RAN #85 [6]:

· Channel models for NR MIMO OTA was finalized  
· Down-selection of channel model was agreed
· FR1: UMi CDL-A, Uma CDL-C.

· FR2: InO CDL-A, UMi CDL-C.

· Channel models for NR MIMO OTA was finalized  
· Framework for environmental condition for FR1 was agreed
· Continue the discussion on the open issues for UE noise-limited and SNR controlled environmental condition until Nov RAN4 meeting.

· Select one of metrics above by the Nov RAN4 meeting 

· SI outcome will recommend the selected metric for test cases metric in the WI phase

After September RAN plenary meeting, some aspects have been concluded in RAN4 #92bis meeting [7].

Outcomes were achieved in RAN4 #92bis:

· Test system layout for FR1 MPAC was defined  
· Scope and frequency range for FR1 MU work were defined

· Orientations for FR2 MIMO OTA static testing was introduced

· Spatial correlation validation procedure for FR1 was discussed
The list of open issues from the WF approved in the last RAN4 meeting [7] is provided below:

· Make decision on environmental condition for FR1
· Define the applicable test methodology verification procedures 
· Develop the preliminary uncertainty assessment for the methodology
· Develop channel model and emulated environment validation procedure to ensure correct implementation   
· Define Quality of Quiet Zone validation procedures for NR FR1 and FR2 systems
· Define the UE Direction of Travel for FR2 channel models
· Define Test system layout for FR2, including max limit of PSP 
· Study feasible SNR ranges for FR2 MIMO OTA testing
2.2
Remaining open issues for FR1
2.2.1
General part
We first consider the remaining open issues for FR1 general part:

· Make decision on environmental condition for FR1

Long term discussion had been taken on this topic, down-selection of SIR or UE noise-limited environmental condition shall be made in this meeting. Given that some test procedure, MU elements and methodology validation aspects are related to the environmental condition in the chamber, therefore we suggest to make decision on this topic in the early time of RAN4#93 meeting. Measurement results and analysis is provided in [8].
Proposal 1: The test procedure, MU elements and methodology validation are related to the environmental condition, decision on environmental condition for FR1 should be made in the early time of RAN4 #93 meeting. 
· Define Quality of Quiet Zone validation procedures for NR FR1
The test zone size for NR MIMO OTA was defined as 20cm, and the size for quiet zone characterization shall not be smaller than 20cm. Considering the alignment on the ripple test procedure with SISO OTA, quiet zone validation procedure within 30cm is reasonable to be defined in this SI, and traditional SISO OTA ripple validation procedure could be reused as much as possible. However, for further optimization of the MU on Quality of Quiet Zone, developing quality of quiet zone validation procedure within 20cm is also not precluded.

Proposal 2: Reuse traditional SISO OTA Quality of Quiet Zone validation procedures as much as possible for FR1, and finalize the test procedure with size of 30cm in this meeting. 
2.2.2
FR1 MPAC
Several open issues related to FR1 MPAC shall be addressed.
· Define the applicable test methodology verification procedures 

EVM validation procedure shall be defined to verify the system applicability. The test procedure of MIMO throughput based on MPAC system can be addressed in [9].
· Develop the preliminary uncertainty assessment for the methodology

In the RAN4#92bis meeting, framework on preliminary uncertainty assessment was agreed that RAN4 will focus on MU elements and descriptions development, example values for key equipment in the system are encouraged to be defined, such as MU for CE, amplifiers, BS simulator. If the UE noise-limited environmental condition is selected for FR1, then the MU elements could be aligned with LTE MIMO OTA in TR37.977 as much as possible. This open issue could be addressed with proposals on MU elements and descriptions in [10]. 
· Develop channel model and emulated environment validation procedure to ensure correct implementation
FR1 channel model validation includes PDP, Doppler, Spatial correlation, cross-polarization and power validation. For PDP, Doppler and cross-polarization validation, the procedure is similar to LTE MIMO OTA, we can reuse the procedures in TR37.977 with updated proper parameters for NR FR1. However, the validation for spatial correlation validation procedure shall be re-considered, because of the high frequency range and new channel model. In the WF [7], three options for spatial correlation validation was listed: 
· Option1: reuse LTE validation procedure
· Option2: Consider two directions line validation 
· Option3: circle validation  
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Fig 1, potential validation method for Channel model spatial correlation (note: the red point is the reference point)
Option1 is the traditional LTE validation procedure, the disadvantage is that the validation step is set as 0.1 wavelength with re-position the reference antenna. Then it could be difficult to do high frequency validation with 0.1at 6 GHz by manually place the antenna, special fixture for moving reference antenna shall be used. 
Option 2 is the upgraded approach including two directions characteristic, repeating the same step as option 1 on both vertical and horizontal direction.  However, longer testing time and same movable fixture shall be considered.
Option 3 is a circle validation procedure, we can verify the quality of spatial correlation curve with distance separation from 0 to 20cm. The advantage of this method is that the validation can be done with just rotating the turntable, therefore validation for each band (i.e different step) could be easily achieved. 
Proposal 3: Adopt option 3 to for spatial correlation validation, proper steps shall be selected to reduce the validation testing time. The test procedure should be defined in this meeting.
After making decision on which option is used for spatial correlation validation, this open issue can be addressed in [11].

2.2.3
FR1 RTS
Given that the RTS method is agreed as a harmonized method for FR1 MIMO OTA testing, it is reasonable to expect that the full package (i.e. system layout, calibration procedure, test procedure, preliminary MU assessment, and channel model validation procedure) for this method can be agreed in this meeting. However, capability of RTS method for 4 Rx UE was not well studied, it’s suggested to finalize RTS test method only for 2x2 FR1 MIMO OTA testing in this meeting. 
In general, the FR1 RTS system could be the same as LTE for 2x2 MIMO, some changes of the system maybe needed because of higher frequency range, gNodeB settings and new Channel models. Probes position and acceptable isolation ratio for 4x4 RTS system could be standardized in the future WI phase with clear capability statement. 
Proposal 4: Define the RTS method with 2x2 MIMO OTA capability in this meeting.
Considering this is the last meeting for NR MIMO OTA, test system for MPAC with 16 probes had been standardized, conclusion on FR1 MIMO OTA test methods is needed. 

Proposal 5: A conclusion on the FR1 MIMO OTA work is needed.
2.3
Remaining open issues for FR2

2.3.1
FR2 MPAC test method 
Some open issues are summarized in [7]:
· Define the UE Direction of Travel for FR2 channel models

The channel models for FR2 were defined, and 3D MPAC was agreed as the test method. Proposals on UE direction of travel for FR2 channel models were discussed, agreements on this topic is expected in this meeting.
· Define Test system layout for FR2, including max limit of PSP 

In previous meeting [12], the distance of FR2 system layout is narrow-down to two options: 0.75m and 1m. Comprehensive analysis on this topic had been discussed in previous several meetings, given that the PSP is related to the measurement distance and number of probes, we suggest to define PSP limit and measurement distance as a package in this meeting.  
Proposal 6: Decision on FR2 measurement distance and PSP limit is needed. System layout of FR2 3D MPAC shall be standardized.
· Study feasible SNR ranges for FR2 MIMO OTA testing

Due to UE noise-limited environmental condition is selected for FR2 MIMO OTA testing, feasible SNR in the center is mainly dominated by the achievable signal level. System dynamic range of DFF for FR2 RF conformance testing was studied in TR 38.810, we suggest to do further study based on some conclusions from FR2 DFF system. 
· Define Quality of Quiet Zone validation procedures for NR FR2
For this topic, we can reuse the Quality of Quiet Zone validation procedures for FR2 DFF system.

Proposal 7: Reuse Quality of Quiet Zone validation procedures in TR38.810 for FR2 MIMO OTA system.

2.3.2
Other open issues

The remaining open issues associated with NR MIMO OTA can be summarized as follows:

· How to address FR2 test procedure, calibration, preliminary MU assessment
· It is recognized that these part of work shall be finalized after making decision of 3D MPAC system layout.
· How to address 2nd priority FR2 dynamic testing 
· It is recognized that FR2 dynamic testing is mainly related to RRM performance, RAN4 need to check if there is sufficient motivation to define this test case.   
· How to address optimization of 16 probes MPAC for FR1 
· During the last RAN4 meetings, a number of companies have raised the issue of optimization of the permitted 16 uniformly-spaced MPAC system for FR1 MIMO OTA. According to the discussion paper in the last meeting, potential optimization without significant channel model implementation error is expected. Therefore, how to handle probes optimization for FR1 MPAC could be considered. We suggest to set this topic as low priority and finalize the work in the WI phase based on technical analysis and measurement results. The equivalent criteria shall also be defined.
Summary, the target is to finalize FR1 MIMO OTA objectives, and keep some FR2 open issues as the reason for the group to ask for an extension of the study item. Focus on FR2 discussion in the extension phase with clear prioritized scope. 

Proposal 8: How to handle the FR1 remaining issues needs to be addressed; a prioritization of the open issues and a decision whether these issues preclude the conclusion of the FR1 scope of the SI are needed.

3
Agreements (for approval)
Proposal 1: The test procedure, MU elements and methodology validation are related to the environmental condition, decision on environmental condition for FR1 should be made in the early time of RAN4 #93 meeting. 

Proposal 2: Reuse traditional SISO OTA Quality of Quiet Zone validation procedures as much as possible for FR1, and finalize the test procedure with size of 30cm in this meeting. 
Proposal 3: Adopt option 3 to for spatial correlation validation, proper steps shall be selected to reduce the validation testing time. The test procedure should be defined in this meeting.

Proposal 4: Define the RTS method with 2x2 MIMO OTA capability in this meeting. 
Proposal 5: A conclusion on the FR1 MIMO OTA work is needed.
Proposal 6: Decision on FR2 measurement distance and PSP limit is needed. System layout of FR2 3D MPAC shall be standardized.

Proposal 7: Reuse Quality of Quiet Zone validation procedures in TR38.810 for FR2 MIMO OTA system.

Proposal 8: How to handle the FR1 remaining issues needs to be addressed; a prioritization of the open issues and a decision whether these issues preclude the conclusion of the FR1 scope of the SI are needed.
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The objective of this Study Item is to define metrics and end-to-end testing methodology for the verification of radiated multi-antenna reception performance of NR UEs in FR1 and FR2 and the associated measurement uncertainty budgets. What kinds of performance metrics are feasible and necessary to better characterize the end-user performance should also be studied. It is anticipated that the multi-antenna UE reception testing methodologies for FR1 and FR2 will be different.  The Study Item’s outcome shall be captured in TR38.827. The applicability of the study outcome to LTE at FR1 may be considered.


The development proceeds within the following scope:


-	In general


-	The study is based on key performance metrics identified by operators, network infrastructure vendors, and UE vendors


-	For the following device types:


-	Smartphone


-	Tablet


-	Wearable device


-	Fixed wireless access (FWA) terminal


-	Other UE types are not precluded for discussion as a second priority


-	The development of test methodology aspects shall initially focus on the smartphone device type


-     The test methodology shall include both NSA and SA


-	Utilizing the free space (FS) testing configuration is the first priority 


-	A second priority is the study of head/hand/body blocking and its impact on test methods – this will be in collaboration with CTIA who plan to study these aspects.


-    Up to spatial multiplexing rank 4 scenarios for FR1 and up to spatial multiplexing rank 2 scenarios for FR2


-	A study to define the environmental conditions is needed


-	Noise-limited and interference-limited (with spatial interference emulation) scenarios shall be considered


-	Considering the definition of interference conditions e.g. coloured by in-channel frequency allocation, space and time


-	Maintaining alignment with the corresponding baseband demodulation test case parameters in [TS38.101-4] as much as possible


-	Using the channel models defined in [TR38.901] as well as the associated aspects related to channel modeling in [TR38.810] as the basis of the emulated propagation environment


-	For setups intended for measurements of UE characteristics in non-standalone (NSA) mode, an LTE link antenna setup is used to configure the NR link


-	Define the applicable test methodology verification procedures


-	Develop the preliminary uncertainty assessment for the methodology


-	For any alternate method(s) identified, verify equivalence per agreed criteria and quantify impact on the measurement uncertainty assessment


-    Develop channel model and emulated environment validation procedure to ensure correct implementation


-	For testing methodology in FR1


-	Use the reference MPAC MIMO OTA methodology and the harmonized RTS methodology in TR37.977, extend the applicability of the LTE MIMO OTA methodology to NR FR1


-	Use the performance metric based on the LTE MIMO OTA performance metrics in TS37.144 and CTIA MIMO OTA Test Plan as a starting point such that


-	The DUT configuration, DUT positions (FS DMP, FS DML, FS DMSU), and DUT azimuth positions should be reused where possible


-	Support up to 100 MHz CBW


-	Support UE operating frequency in the range of 450 MHz – 6000 MHz


-	For testing methodology in FR2


-	Define the test scenario(s) in terms of the assumptions of the number of emulated gNB sources, BS antenna patterns, channel model, and DUT positions. Ensure the applicability of the testing methodology to NR FR2:


-	Support up to 400 MHz CBW	


-	Support UE operating frequency in the range of 24250 MHz – 52600 MHz


-      MIMO throughput under static geometry environment is the first priority 


- 	MIMO throughput under dynamic geometry environment is the second priority


-	Extension of Rel-15 RRM tests to include dynamic geometry 


-	Test scenario definition is based on key performance metrics identified by operators, network infrastructure vendors, and UE vendors


-	Noise-limited environmental condition is the first priority
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