3GPP TSG-RAN4 Meeting #117	R4-25xxxx
Dallas, TX, USA, November 17 – 21, 2025

Agenda item:			8.1
Source:	Feature lead (vivo)
Title:	WF for [117][110] 6G testability and OTA
Document for:	Approval
Introduction
This is WF covers the discussions of 6G testability and OTA, the discussion scope includes all the testability issues for conducted requirements and OTA requirements for 6G UE/BS requirements (except for sensing requirements), both AI and non-AI cases.
Topic #1: Improved testability of Conducted Requirements
Sub-topic 1-1 Improvement of traditional conducted tests
Issue 1-1-1: Discussions on improvement of MSD via OTA approach  
Ad-hoc Agreements:
· Requirement definition of MSD will be decided in UE RF agenda
· In this thread, group focus on testability discussions, e.g., limitation of radiated MSD testing, pros and cons of radiated MSD performance, improvement of traditional conducted testing, and potential skipping rule to minimize the test burden.
· Before adopting OTA approach and/or skipping rule, feedback will be provided to UE RF group about the feasibility and test complexity.

Issue 1-1-2: Discussions on whether radiated and/or conducted spurious emission
Ad-hoc Way Forward: RAN4 can further discuss and align understandings of conducted and radiated spurious emission requirements (3GPP and regulatory requirements) first. 

Issue 1-1-3: Potential general guidance on radiated methodology or conducted for FR1
proposed WF:
· Whether the FR1 core requirements are specified as conductive requirements or radiated requirements belongs to UE RF discussion. This thread focus on potential testability issues.
· RAN4 further discuss whether some conducted TCs could be transitioned to OTA to improve realism from testing perspective. 
· E.g., RAN4 further study the necessity and limitation on introducing multi-Tx/Rx test cases for OTA based on potential radiated metric. 

Topic #2: New test methodologies for new 6GR frequencies
Sub-topic 2-1 Testability for new 6GR frequency
Issue 2-1-1: Upper frequency limitation for supporting antenna connector for conductive testing  
Recommended WF
· RAN4 further discuss the testability issue of conducted and/or radiated metric for frequencies between FR1 and FR2.
· Whether UE can support conductive connector could be one aspect for consideration
· FFS other aspects 


Issue 2-1-2: lower frequency limitation for supporting antenna beamforming for OTA testing  
Recommended WF
· Whether the UE is specified as OTA requirements for >[TBD] frequency belongs to RF requirement discussion. 
· RAN4 further study the testability issues for the frequencies that UE may not have connector. 

Issue 2-1-3: Study on how to extend current test system to cover new frequencies between FR1 and FR2  
Recommended WF
· To reuse current system as much as possible, RAN4 should first prioritize the study of test system capability extension to cover 6G New frequencies with FR1 or FR2 setups.
· FFS the range of new frequencies
· Meanwhile, RAN4 study whether a dedicate test system to cover new 6G frequencies is workable or not.  

Issue 2-1-4: Clarification of UE antenna characteristics for new frequencies between FR1 and FR2  
· Proposals
· Proposal 1: Proponent companies are encouraged to clarify the following antenna structure for devices in between FR1 and FR2 (aka FR3) (Anritsu)
· Directivity (Omni-directional or directional antenna)
· Maximum size of the antenna (Minimum beam width) and number of antenna elements if necessary
· Polarization (If there is a need to support the circular polarization)
· Recommended WF
· RAN can further discuss and clarify above aspects 

Sub-topic 2-2 OTA Testability for traditional FR1 and FR2 range  
Issue 2-2-1: OTA test methods for traditional FR1 frequency range and FR2  
· Recommended WF
· RAN4 could assume exiting test methodologies for FR1 and FR2 can be reused as baseline. 

Issue 2-2-2: Temperature condition for 6GR overlapping frequencies with NR  
· Recommended WF
· Same temperature condition could be baseline if requirements development/applicability condition is not changed.

Issue 2-2-3: Beam peak search for FR2   
· Proposals
· Proposal 1: For 6G FR2 UE RF OTA testing, consider revisiting the need for beam peak searches to reduce MU and overall test time. (Keysight)
· Recommended WF
· Postpone above discussion until FR2 RF requirements have progress on beam peak search. 

Topic #3: OTA test methods for Multi-Tx and CA
Sub-topic 3-1 OTA for 6GR multi-carrier
Issue 3-1-1: Testability for multi frequency range combinations, e.g., CA or single carrier DL/UL decouple  
· Recommended WF
· Whether FR1 and FR2 can be UL/DL decouple operation depends on RAN1 design, the testability study can be postponed until progress is made.

Issue 3-1-2: Testability for multi-Tx schemes (such as UL-MIMO)  
· Recommended WF
· The definition depends on RAN1 physical layer design for MIMO. The testability for detailed feature can be postponed until more progress in RAN1 for multi-Tx.
· 5G multi-Tx TRP and UL-MIMO can be considered as starting point for multi-Tx radiated performance metric study.


Issue 3-1-3: Testability for multi-Rx schemes  
· Recommended WF
· Multi-Rx operation without additional restriction was adopted in 5G OTA testing, the same approach can be considered for 6GR as baseline.

Topic #4: Testability for different Device types 
Sub-topic 4-1 OTA testability for different device types
Issue 4-1-1: Study the limitation of single OTA system to cover different UE types in 6GR day-1  

· Agreement
· RAN4 further discuss whether size of different device (i.e., quiet zone) is the only limitation to develop test system
· If no, then further study other aspects of different devices related to test setup discussions
· At least, the following aspects should be considered:
· whether the device usage is free space or with phantom, if phantom is need then the turn table and quiet zone size should also be considered
· Subject to RAN decision on the device types, whether the verification of the feature/device type needs significant update of the system, e.g., additional interference, multiple measurement antennas, higher dynamic range 


Issue 4-1-2: Which UE types can be considered as baseline for 6G OTA system design  
· Agreement
· Take 5G commercialized device types for which the test methodology has been specified, including handheld UE, as baseline for 6G OTA discussion. 
· Other new devices can be further considered depends on RAN plenary decisions. 

Topic #5: AI/ML testability 
Sub-topic 5-1 Enhanced test method for 6GR AI/ML cases 
Issue 5-1-1: Views on enhancement of AI/ML testability for 6GR  
· Proposals
· Proposal 1: for AI/ML, it is proposed to consider dynamic test (i.e. environment changes dynamically during the test) in 6GR. (CMCC)
· Proposal 2: Consider the decoupling test method (signal acquisition and AI model performance) for AI BM test case. (OPPO)
· Proposal 3: The corresponding test method to verify the new AI/ML features such as reduced RX beam sweeping factor needs to be further studied in RAN4. (Qualcomm)
· Proposal 4: RAN4 to consider how to define more generic test systems and test methods to support a wider range of AI/ML test cases. The test system and test methods should target to support multiple tests with different channel conditions to check the genralization of AI/ML models. (Qualcomm)
· Proposal 5: RAN4 to study on any potential new OTA use cases related to AI/ML assisted features that could potentially lead to TRP/TRS performance enhancement and associated OTA test feasibility. (Apple)
· Recommended WF
· RAN4 can further discuss above proposals


Issue 5-1-3: Clarification of AI/ML testability discussion scope   
Agreement:
The scope of 6G testability and OTA for AI includes the following objectives:
· Both OTA and conducted test and methodologies will be considered
· Strive to use conducted test for AI testing if possible for FR1.
· the test methodology will be developed based on use cases, LCM and performance metric. This includes the proper channel model, test framework and corresponding test setup 
· 5G related agreements will be taken as the starting point. Further enhancement of 5G methodologies for 5G use cases can be part of 6G study.
· For 6G new use cases, the testability and methodology study will be kicked off after the corresponding use cases and testability issues are identified in AI thread. 

Topic #6: Harmonized testing for TN and NTN
Sub-topic 6-1 Harmonized OTA test methodologies for TN and NTN
Issue 6-1-1: Harmonized OTA test methodologies for TN and NTN for TN-FR1 range   
Agreement: 
· Consider the Anechoic chamber (AC) reference method as the baseline for the harmonized TN/NTN test framework specific to FR1

Issue 6-1-3: Supported polarization for Harmonized TN-NTN OTA test methodologies   
· Recommended WF
· For a harmonized test setup for TN and NTN FR1 devices, LP is taken as the baseline. It can be further studied to support CP.
· The detailed device size will be further discussed. Whether a system can cover all NTN device types can also be studied.


Issue 6-1-4: System complexity study for Harmonized TN-NTN OTA test methodologies   
· Recommended WF
· Due to different UE size and different supported feature for TN and NTN, the OTA system complexity should be further discussed considered all the potential metric to be verified. 

Topic #7: Improved test methods and metric for SISO OTA  
Sub-topic 7-1 Enhanced OTA test method and metric for SISO 
Issue 7-1-1: Enhanced OTA test method for Tx switching  
· Recommended WF
· 6GR OTA test method development should consider the UE operation condition more closely reflect real-world usage scenarios. 
· RAN4 further study methodology to verify UL performance with Tx antenna switching on. 

Issue 7-1-2: Enhanced OTA test method for different UE usage scenarios    
· Recommended WF
· Different usage scenarios and corresponding mechanical mode will be considered when discss test methodology for 6G OTA.
· RAN4 further discuss whether OTA methodology to verify high-power related mechanisms. 


Topic #8: Improved test methods and metric for DL MIMO OTA 
Sub-topic 8-1 Dynamic MIMO OTA for 6GR 
Issue 8-1-1: Dynamic or Static for 6G MIMO OTA  
· Recommended WF
· RAN4 further discuss whether dynamic MIMO OTA could be considered as higher priority than static.
· The performance metric of dynamic MIMO OTA should be further studied for 6G UEs.

Issue 8-1-2: Potential channel models for 6G dynamic MIMO OTA  
· Recommended WF
· It is too early to make down-selection of 2D or 3D before discussing the potential channel model and corresponding system setup of probe configurations. RAN4 can further discuss this issue when the channel model in RAN1 is stable.

Issue 8-1-3: Phantom for dynamic MIMO OTA testing  
· Recommended WF
· Whether phantom can be considered depends on the system design and potential channel models to achieve the required test zone.
· The phantom is not precluded before clear justification shows that the system could not support it or the necessity is not confirmed. 

Issue 8-1-5: Priority of Dynamic MIMO OTA for 6G frequencies, i.e., FR1/FR2/new frequency  
· Recommended WF
· 6G can start with FR1 dynamic MIMO OTA. Further consider other frequencies if needed. 

Efficiency improvement (UE/BS) 
Sub-topic 9-1 Improvement of OTA efficiency and requirements 
Issue 9-1-1: Improve OTA test efficiency in 6GR  
· Proposals
· Proposal 1: RAN4 could consider the following alternatives for 6G test method consideration. (vivo)
· Single point offset approach
· Coarse measurement grid 
· Spiral Scan procedure for TRP
· Reverberation chamber
· Fast Tx/Rx Spherical Coverage Method
· Recommended WF
· RAN4 furtther discuss above methods for 6G to enhance efficiency.

Sub-topic 9-2 Improvement of OTA test method and requirement discussions among WIs or WGs 
Issue 9-2-1: Improve of discussion between OTA testability and features/core requirements   
· Observations
· During the study and work-item phase of 5G NR FR2, test equipment and system vendors have repeatedly pointed out testability issues of select test cases which often were disregarded (“consider these requirements system level requirements”) and thus caused significant efforts in RAN5 to define relaxations as well as a list of test cases that are untestable due to the lack of dynamic range. In other instances, requirements were defined, e.g., various FR2 power classes or NTN VSAT (Ka/Ku bands), without appropriately defining the testability aspects whatsoever. It is therefore proposed to consider the testability aspects during the definition of 6G requirements.
· Proposals
· Proposal 1: 6G OTA testability aspects need to be considered together with feature development going forward (regardless of frequency range) as important synchronizations between WIs and SIs and/or RAN4 and RAN5 resulted in unnecessary delays and confusion, e.g., low-UL/high-DL test cases, Ku/Ka bands, various FR2 power classes. (Keysight)
· Recommended WF
· RAN4 futher discuss whether a framework on improvement of feature discussion and corresponding testability to minimize unnecessary delays and confusion is needed or not.

 Topic #10: General Testability issues (UE/BS RF,RRM and Demod)
Sub-topic 10-1 General testability issues 
Issue 10-1-1: General procedure on how to introduce alternative method in 6G   
· Proposals
· Proposal 1: Standardize the procedure of studying the new OTA test methods proposed in the 3GPP meetings. (Nokia)
· Proposal 2: Standardize the TP structure to capture pros and cons, baseline comparisons, and use cases of new methods, so that the confusion and struggles often faced in 3GPP meetings when new methods are proposed can be transformed into a clear and transparent decision-making process. (Nokia)
· Recommended WF
· RAN4 can further discuss this issue for 6G.

Issue 10-1-2: 6G Testability scope discussion  
Agreement: 
 the scope of the 6G study of the testability/OTA include
· identifying and resloving the testability issues (e.g., test feasibility, limitations of testing, test methodologies development) for potential conducted requirements and OTA requirements of 6G UE/BS (except for sensing requirements).
· The scope includes both AI and non-AI cases.

