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Introduction
This FL summary covers the discussions of 6G testability and OTA, capture all the proposals in Tdocs from agenda 8.11. Based on 6G SID, 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
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2520135
	CATT
	Proposal 1：	To improve FR1 MSD testing, consider one of the following approaches:
(1) Apply OTA test method to replace conducted test method
(2) Improve the existing conducted test setup by introducing signal simulators that provide emulated antenna-coupling products and other interferers to UE Rx connectors

	R4-2520729
	vivo
	Proposal 1: RAN4 further discuss a reasonable testing efficiency or skipping rule to reduce MSD OTA test burden, e.g., a general framework on how to select MSD configurations for OTA testing.
Proposal 2:  RAN4 further discuss whether the radiated MSD performance could be helpful for network configuration or UE design.

	R4-2520293
	Apple
	Observation 1: Verifying regulatory-facing requirements via the OTA approach can yield some benefits to the network, but the trade-off in additional test time, implementation complexity associated with device calibration, and unclear process to specify the requirement should be taken into consideration.
Proposal 1: Whether to introduce the OTA approach to requirements currently specified in the conducted domain should be discussed in the UE RF discussion thread for the 6G SI.
Proposal 2: For evaluation of conducted requirements to be verified via OTA approach, do not include MSD scenarios for evaluation due to the complexity of setting up configurations. 

	R4-2520334
	Huawei, HiSilicon
	Proposal 1: If justified, it is possible to introduce some OTA tests using current TRP and TRS test setups, e.g., EVM, out of band or spurious emission tests for FR1 frequency range.

	R4-2520439
	CMCC
	Observation 1: Although the OTA test is closer to the real scenario, its testing cost is high and it takes a long time.
Proposal 1: It is suggested to retain the conducted test at this stage and analyze it using the case-by-case method.

	R4-2520493
	Xiaomi
	Observation 1: The existing MSD conformance testing in NR underestimates the real-world self-interference by excluding antenna coupling.
Observation 2: Introducing MSD OTA testing will introduce significant uncertainty, complexity and cost without the proportional benefit.
Observation 3: It is premature to directly study the OTA-based MSD testing unless there is sufficient consensus on the overall MSD framework design.

	R4-2520524
	CAICT
	Proposal 1: Consider technical necessity, testability gap, test repeatability & stability, and cost & complexity impact when selecting candidate testing for migration from conducted to OTA testing.

	R4-2521090
	Samsung
	Observation 1:	RAN usually has two kinds of testability and OTA work: core requirement dependant case (e.g., FR2 testability, NTN test at Ku Ka bands), and core requirement independent case (e.g., FR1 TRP TRS, MIMO OTA)
Proposal 1:	RAN4 6G testability and OTA study should focus more on test method for 6G core requirement dependent case, but requirement should not be discussed in this thread
Proposal 2:	For core requirement independent case, it is suggested to keep the scope as SISO OTA and MIMO OTA only.
Observation 3:	If in 6G the MSD is the same as 5G, it is obviously not practical to test MSD for tens of thousands of band combinations with OTA.
Proposal 3:	testability for MSD should wait for outcome of UE RF core requirement thread.
Observation 4:	In some cases, both conducted and radiated test cases are required by regulation.
Proposal 4:	Regarding test case simplification with both conducted and radiated considered, further clarification is needed whether it means removing the requirement or skipping the test, if regulation allows.
Observation 5:	Requirements for multiple Tx/Rx are usually specified as conducted requirements. If changing it to OTA, it should be discussed in UR RF core threads.
Proposal 5:	Conformance testing of multiple Tx/Rx is subject to 6G core requirements definition (conducted vs radiated)

	R4-2521258
	Qualcomm Incorporated
	Proposal 1: RAN4 could further investigate the possible equivalence between radiated and conducted spurious emission requirements, taking into account factors such as the difference between e.r.p and conducted power at spurious frequencies, the dependence of antenna gain between carrier frequency and spurious frequencies, etc.

	R4-2522030
	Keysight Technologies UK Ltd
	[bookmark: _Ref213081409][bookmark: _Ref213154634]Proposal 1: Study the following test cases as suitable candidates to be verified OTA rather than conducted: MSD, CA, multi-Tx/Rx test cases
[bookmark: _Ref213154635]Proposal 2: Hold off transitioning the spurious emissions test cases from conducted to radiated given the regulatory nature of these test cases to avoid duplicate testing
[bookmark: _Ref213396240][bookmark: _Ref213154636]Proposal 3: Study the transition of select conducted TCs to OTA to introduce realism 

	R4-2522037
	Ericsson
	Observation 1. The conducted MSD requirements do not capture real antenna mutual coupling, radiation leakage, housing effects, or user interaction, all of which contribute to real-world desensitization. Shifting MSD to OTA testing, these missing effects would be included, leading to results that better reflect end-to-end device performance. 
Proposal 1. RAN 4 to start working on method /methods for OTA testing of MSD as part of 6G SI.


Open issues summary
Sub-topic 1-1 Improvement of traditional conducted tests
Issue 1-1-1: Discussions on improvement of MSD via OTA approach  
· Observations 
· The conducted MSD requirements do not capture real antenna mutual coupling, radiation leakage, housing effects, or user interaction, all of which contribute to real-world desensitization. Shifting MSD to OTA testing, these missing effects would be included, leading to results that better reflect end-to-end device performance
· If in 6G the MSD is the same as 5G, it is obviously not practical to test MSD for tens of thousands of band combinations with OTA.
· The existing MSD conformance testing in NR underestimates the real-world self-interference by excluding antenna coupling. Introducing MSD OTA testing will introduce significant uncertainty, complexity and cost without the proportional benefit.
· Proposals
· Proposal 1: To improve FR1 MSD testing, consider one of the following approaches. (CATT)
· Apply OTA test method to replace conducted test method
· Improve the existing conducted test setup by introducing signal simulators that provide emulated antenna-coupling products and other interferers to UE Rx connectors
· Proposal 2: RAN4 further discuss a reasonable testing efficiency or skipping rule to reduce MSD OTA test burden, e.g., a general framework on how to select MSD configurations for OTA testing. (vivo)
· RAN4 further discuss whether the radiated MSD performance could be helpful for network configuration or UE design
· Proposal 3: For evaluation of conducted requirements to be verified via OTA approach, do not include MSD scenarios for evaluation due to the complexity of setting up configurations. (Apple)
· Proposal 4: testability for MSD should wait for outcome of UE RF core requirement thread. (Samsung)
· Proposal 5: Study the following test cases as suitable candidates to be verified OTA rather than conducted: MSD, CA, multi-Tx/Rx test cases. (Keysight)
· Proposal 6: RAN 4 to start working on method /methods for OTA testing of MSD as part of 6G SI. (Ericsson)
· Recommended WF
· It is common understanding the requirement definition of MSD will be decided in UE RF agenda, no matter follows traditional conductive approach or new solution as OTA.Currently, in 6G UE RF agenda it is not decided.
· Meanwhile, in this thread, group focus on testability issue discussions, e.g., limitation of radiated MSD testing, benefits of radiated MSD performance.
· Skipping rule will also be discussed for radiated MSD testing to minimize the test burden.

Issue 1-1-2: Discussions on whether radiated and/or conducted spurious emission
· Proposals
· Proposal 1: RAN4 could further investigate the possible equivalence between radiated and conducted spurious emission requirements, taking into account factors such as the difference between e.r.p and conducted power at spurious frequencies, the dependence of antenna gain between carrier frequency and spurious frequencies, etc. (Qualcomm)
· Proposal 2: Regarding test case simplification with both conducted and radiated considered, further clarification is needed whether it means removing the requirement or skipping the test, if regulation allows. (Samsung)
· Proposal 3: If justified, it is possible to introduce some OTA tests using current TRP and TRS test setups, e.g., EVM, out of band or spurious emission tests for FR1 frequency range. (Huawei)
· Proposal 4: Hold off transitioning the spurious emissions test cases from conducted to radiated given the regulatory nature of these test cases to avoid duplicate testing. (Keysight)
· Recommended WF
· Different from MSD, radiated and conductive spurious emission requirement are existing in RAN4 spec. 
· In 6G, RAN4 should further study possible equivalence between radiated and conducted spurious emission requirements.
· Further clarification of the study outcome is removing or skipping the radiated test

Issue 1-1-3: Potential general guidance on radiated methodology or conducted for FR1
· Proposals
· Proposal 1: Consider technical necessity, testability gap, test repeatability & stability, and cost & complexity impact when selecting candidate testing for migration from conducted to OTA testing. (CAICT)
· Proposal 2: Whether to introduce the OTA approach to requirements currently specified in the conducted domain should be discussed in the UE RF discussion thread for the 6G SI. (Apple)
· Proposal 3: It is suggested to retain the conducted test at this stage and analyze it using the case-by-case method. (CMCC)
· Proposal 4: Conformance testing of multiple Tx/Rx is subject to 6G core requirements definition (conducted vs radiated). (Samsung)
· Proposal 5: Study the following test cases as suitable candidates to be verified OTA rather than conducted: MSD, CA, multi-Tx/Rx test cases. (Keysight)
· Proposal 6: Study the transition of select conducted TCs to OTA to introduce realism. (Keysight)
· Recommended WF
· Whether the FR1 core requirements are specified as conductive requirements or radiated requirements belongs to UE RF discussion.
· This thread just discusses potential testability solution for considerations. The potential radiated solution for requirements verification should be discussed case-by-case if clear gain is identified, e,g., better to quantify the UE performance, results are more valuable for network configuration, efficiency to be verified.
· RAN4 further discuss whether some conducted TCs could be transitioned to OTA to improve realism. 
· RAN4 further study the necessity and limitation on introducing multi-Tx/Rx test cases for OTA. 

Topic #2: New test methodologies for new 6GR frequencies
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2520729
	vivo
	Proposal 3: RAN4 should further study details of the following solutions for new frequencies of 6GR:
· Study the limitations and feasibility to broaden FR1 AC system frequency range to cover FR1 to new 6G frequencies and discuss potential upper limit.
· Study the limitations and feasibility to broaden FR2 IFF system frequency range to cover new 6G frequencies to FR2 and discuss potential lower limit.
· Leverage existing FR1 and FR2 OTA system, and study a dedicate/new system only support the new frequency range and analyze the feasible QZ size and measurement distance.

	R4-2520293
	Apple
	Observation 2: UE beamforming performance gain was captured in TR 38.803 at 15 GHz for 5GNR.
Proposal 3: It is feasible to consider over-the-air test methodologies for frequencies > 15GHz.
Observation 2: 6G frequency range overlaps with existing 5G NR frequency range FR-1 and FR-2.
Proposal 4: Reuse the same temperature condition for 6GR overlapping frequencies with NR.
Proposal 5: FFS how to study and quantify the temperature condition for 6GR new frequency range for OTA testing including recommendations for MU.
Observation 4: AC method is explicitly defined as reference method for SISO OTA testing involving measurement of TRP/TRS performance for smartphones.
Proposal 6: Consider the Anechoic Chamber (AC) defined up to FR1 as the starting point for study of 6G SISO OTA testing
Proposal 7: Study the feasibility of extending existing Anechoic Chamber (AC) methodology to frequency range beyond FR1 for 6G SISO testing (for e.g. 10 GHz, Actual higher end being FFS).

	R4-2520334
	Huawei, HiSilicon
	Proposal 3: use conducted tests for cases where antennas are accessible, for example, below 15 GHz.
Proposal 4: For the devices where antennas are not accessible or creation of an antenna port would significantly degrade the existing RF performance, for example, above 15GHz, OTA tests should be used.   

	R4-2520439
	CMCC
	Proposal 2: For the testability around 7GHz, FR1 conduction test should be used as the baseline.

	R4-2520493
	Xiaomi
	Observation 4: From testability perspective, it is assumed that the frequency break-point of FR1-style conducted can be up to 8.4GHz.

	R4-2520524
	CAICT
	Proposal 2: For 6G frequency bands that overlap with existing 5G NR bands, the corresponding 5G FR1 and FR2 test methodologies shall be reused as the baseline.
Proposal 3: RAN4 to evaluate the extension of existing FR1 and FR2 OTA test systems to cover new 6G frequencies, with the objective of identifying any coverage gaps or overlaps. This evaluation should address:
- the practical upper-frequency limit of FR1 OTA test systems
- the practical lower-frequency limit of FR2 OTA test systems

	R4-2520918
	Anritsu Corporation
	Observation 1: In FR1, the UE antenna was assumed to be a single element (omnidirectional), while in FR2, an array antenna (antenna aperture 5 cm) was assumed. An information on the UE antenna's directivity (beamwidth) is necessary for examining the TRP measurement grid width and calculating the measurement uncertainty (MU). To determine test methodologies for new 6GR frequencies at the range between FR1 and FR2 (aka FR3), in addition to a boundary of conducted testing and radiated testing, it is necessary to clarify an expected antenna structure in the UE.
Proposal 1: Proponent companies are encouraged to clarify the following antenna structure for devices in between FR1 and FR2 (aka FR3).
- 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)
Observation 2: Additional studies are necessary to achieve the test system supporting both FR2 and the frequencies between FR1 and FR2 (aka FR3) in one system.
Observation 3: Technical issues when considering the use of existing FR2 indirect far field (IFF) chamber in the new frequency band between FR1 and FR2 are as follows. 
Issue 1) For quality of quiet zone (QoQZ), when comparing reflectors of the same size, performance deteriorates as the test frequency decreases. (The impact of QZ degradation due to scattering at the reflector edges increases as frequency decreases.) Therefore, consideration of measurement uncertainty (MU) relaxation is necessary.
Issue 2) To maintain a constant phase within the QZ, the measurement antenna must be placed at the focal point of the IFF reflector. This requires a directional antenna with a wider bandwidth than the current measurement antenna used for the FR2. If such an antenna cannot be provided, multiple measurement antennas must be switched at the focal position, necessitating a more complex measurement system.
Issue 3) Generally, as the frequency decreases (wavelength increases), the amount of electromagnetic wave absorption by radio wave absorbers diminishes. Consequently, within existing chambers, the use of radio wave absorbers is expected to worsen QoQZ due to increased electromagnetic wave disturbance inside the chamber. Furthermore, if radio wave absorbers are made thicker to match the operating frequency, the effective area within the chamber becomes smaller, potentially requiring a larger chamber.
Observation 4: The relevance of those issues significantly increases in the case FR1 needs also to be covered in one OTA chamber.

	R4-2521090
	Samsung
	Proposal 6:	For OTA test in between FR1 and FR2, prioritize the test method study on TRP TRS before there would be radiated requirements conclusion from UE RF session.

	R4-2521764
	Nokia
	Observation 1: There are no conductive tests in the FR2 frequency range because physical connectors on the PCB can significantly impact RF radiation performance.
Observation 2: Conductive tests for multiple transmitters, such as 4Tx, are complex due to the need to connect multiple cables to the UE.
We propose considering OTA tests as the starting point for the 6G frequency range.

	R4-2522030
	Keysight Technologies UK Ltd
	[bookmark: _Ref213081410][bookmark: _Ref209082881]Proposal 4: Await concrete decisions in the OTA 6G Spectrum Agenda for the new frequency ranges between FR1 and FR2 as well as new device types for 6GR before studying either new or upgraded existing OTA test systems for the new 6GR frequencies. 
[bookmark: _Ref210027276][bookmark: _Ref209028888][bookmark: _Ref209792059]Proposal 12: For 6G FR2 UE RF OTA testing, consider revisiting the need for beam peak searches to reduce MU and overall test time. 


	R4-2522037
	Ericsson
	Observation 2. The discussion about the preferred test method (conducted or OTA) should not be limited to the availability or not of connectors at a certain frequency but also to the projected number of antennas that can yield some impracticalities of adding to many connectors. 
Proposal 2. Expand the evaluation of preferred test methods (conducted vs. OTA) to include not only connector availability at specific frequencies but also the anticipated number of antennas.


Open issues summary
Sub-topic 2-1 Testability for new 6GR frequency
Issue 2-1-0: Testability scope discussion  
· Observations: 
· According to the feedback from companies there is unclear part for contribution prepareation and discussions for 6G testability.
· Proposals
· Proposal 1: RAN4 need a guidance on contribution preparation and discussion scope clarification for 6G testability. (FL)
· Recommended WF
· Align the understanding that testability discussion is to identify and resove 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.
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.


Issue 2-1-1: Upper frequency limitation for supporting antenna connector for conductive testing  
· Observations: 
· From testability perspective, it is assumed that the frequency break-point of FR1-style conducted can be up to 8.4GHz.
· There are no conductive tests in the FR2 frequency range because physical connectors on the PCB can significantly impact RF radiation performance.
· Conductive tests for multiple transmitters, such as 4Tx, are complex due to the need to connect multiple cables to the UE
· The discussion about the preferred test method (conducted or OTA) should not be limited to the availability or not of connectors at a certain frequency but also to the projected number of antennas that can yield some impracticalities of adding to many connectors
· Proposals
· Proposal 1: use conducted tests for cases where antennas are accessible, for example, below 15 GHz. (Huawei)
· Proposal 2: use conducted tests for cases up to 8.4 GHz. (Xiaomi).
· Proposal 3: We propose considering OTA tests as the starting point for the 6G new frequency range. (Nokia)
· Proposal 4: Expand the evaluation of preferred test methods (conducted vs. OTA) to include not only connector availability at specific frequencies but also the anticipated number of antennas. (Ericsson)
· Recommended WF
· Whether UE can support conductive connector can be one aspect to decide OTA or conductive test methods.
· RAN4 further discuss whether number of antennas can be one aspect to determine OTA or not 


Issue 2-1-2: lower frequency limitation for supporting antenna beamforming for OTA testing  
· Observations: 
· UE beamforming performance gain was captured in TR 38.803 at 15 GHz for 5GNR.
· Proposals
· Proposal 1: It is feasible to consider over-the-air test methodologies for frequencies > 15GHz. (Apple)
· Proposal 2: For the devices where antennas are not accessible or creation of an antenna port would significantly degrade the existing RF performance, for example, above 15GHz, OTA tests should be used. (Huawei)
· Proposal 3: Await concrete decisions in the OTA 6G Spectrum Agenda for the new frequency ranges between FR1 and FR2 as well as new device types for 6GR before studying either new or upgraded existing OTA test systems for the new 6GR frequencies. (Keysight)
· Recommended WF
· Whether the UE is specified as OTA requirements for frequency above 15GHz belongs to RF requirement discussion. The testability thread consider the study of feasibility and limitation of extending current system to support this frequency in parrelle with RF requirement study. 

Issue 2-1-3: Study on how to extend current test system to cover new frequencies between FR1 and FR2  
· Observations:
· Additional studies are necessary to achieve the test system supporting both FR2 and the frequencies between FR1 and FR2 (aka FR3) in one system.
· Technical issues when considering the use of existing FR2 indirect far field (IFF) chamber in the new frequency band between FR1 and FR2 are as follows:
· Issue 1) For quality of quiet zone (QoQZ), when comparing reflectors of the same size, performance deteriorates as the test frequency decreases. (The impact of QZ degradation due to scattering at the reflector edges increases as frequency decreases.) Therefore, consideration of measurement uncertainty (MU) relaxation is necessary.
· Issue 2) To maintain a constant phase within the QZ, the measurement antenna must be placed at the focal point of the IFF reflector. This requires a directional antenna with a wider bandwidth than the current measurement antenna used for the FR2. If such an antenna cannot be provided, multiple measurement antennas must be switched at the focal position, necessitating a more complex measurement system.
· Issue 3) Generally, as the frequency decreases (wavelength increases), the amount of electromagnetic wave absorption by radio wave absorbers diminishes. Consequently, within existing chambers, the use of radio wave absorbers is expected to worsen QoQZ due to increased electromagnetic wave disturbance inside the chamber. Furthermore, if radio wave absorbers are made thicker to match the operating frequency, the effective area within the chamber becomes smaller, potentially requiring a larger chamber.
· Proposals
· Proposal 1: RAN4 to evaluate the extension of existing FR1 and FR2 OTA test systems to cover new 6G frequencies, with the objective of identifying any coverage gaps or overlaps. This evaluation should address. (CAICT)
· the practical upper-frequency limit of FR1 OTA test systems
· the practical lower-frequency limit of FR2 OTA test systems
· Proposal 2: RAN4 should further study details of the following solutions for new frequencies of 6GR. (vivo)
· Study the limitations and feasibility to broaden FR1 AC system frequency range to cover FR1 to new 6G frequencies and discuss potential upper limit.
· Study the limitations and feasibility to broaden FR2 IFF system frequency range to cover new 6G frequencies to FR2 and discuss potential lower limit.
· Leverage existing FR1 and FR2 OTA system, and study a dedicate/new system only support the new frequency range and analyze the feasible QZ size and measurement distance.
· Proposal 3: Study the feasibility of extending existing Anechoic Chamber (AC) methodology to frequency range beyond FR1 for 6G SISO testing (for e.g. 10 GHz, Actual higher end being FFS). (Apple)
· Proposal 4: For OTA test in between FR1 and FR2, prioritize the test method study on TRP TRS before there would be radiated requirements conclusion from UE RF session. (Samsung)
· Proposal 5: Await concrete decisions in the OTA 6G Spectrum Agenda for the new frequency ranges between FR1 and FR2 as well as new device types for 6GR before studying either new or upgraded existing OTA test systems for the new 6GR frequencies (Keysight). 
· Recommended WF
· To reuse current system as much as possible, RAN4 should first prioritize the study of test system capability extension to cover New frequencies with FR1 or FR2 setups.
· 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  
· Observations:
· In FR1, the UE antenna was assumed to be a single element (omnidirectional), while in FR2, an array antenna (antenna aperture 5 cm) was assumed. An information on the UE antenna's directivity (beamwidth) is necessary for examining the TRP measurement grid width and calculating the measurement uncertainty (MU). To determine test methodologies for new 6GR frequencies at the range between FR1 and FR2 (aka FR3), in addition to a boundary of conducted testing and radiated testing, it is necessary to clarify an expected antenna structure in the UE.
· 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
· Discuss and clarify above aspects. 

Issue 2-1-5: Temperature condition for 6GR new frequencies  
· Proposals
· Proposal 1: FFS how to study and quantify the temperature condition for 6GR new frequency range for OTA testing including recommendations for MU. (Apple)
· Recommended WF
· RAN4 can further discuss potential solution to quantify the temperature condition for new frequencies.


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  
· Observations
· AC method is explicitly defined as reference method for SISO OTA testing involving measurement of TRP/TRS performance for smartphones
· Proposals
· Proposal 1: Consider the Anechoic Chamber (AC) defined up to FR1 as the starting point for study of 6G SISO OTA testing. (Apple)
· Proposal 2: For the testability around 7GHz, FR1 conduction test should be used as the baseline (CMCC)
· Proposal 3: For 6G frequency bands that overlap with existing 5G NR bands, the corresponding 5G FR1 and FR2 test methodologies shall be reused as the baseline. (CAICT)
· 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  
· Proposals
· Proposal 1: Reuse the same temperature condition for 6GR overlapping frequencies with NR. (Apple)
· 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 discussion until FR2 RF requirements have progress on beam peak search. 

Topic #3: OTA test methods for Multi-Tx and CA
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2520135
	CATT
	[bookmark: OLE_LINK15]Proposal 4:	RAN4 to study pure OTA test methodology for UE configuring mixed FR1-FR2 operation in 6G era.

	R4-2520293
	Apple
	Proposal 8: Definition of multi-Tx schemes (such as UL-MIMO) shall be studied in the '6G General RF and UE RF' topic. 
Observation 5: Test methodology for UE with multi-Rx antenna is captured in TR 38.834 for OTA TRS test. 
Proposal 9: It is feasible to consider multi-Rx antennas enablement for 6GR FR-1 OTA testing.

	R4-2521764
	Nokia
	OTA test specification related to UL MIMO use cases has not been developed yet in 38.151.
TRP and MIMO OTA requirements for 2Tx/4Tx should be studied first.


Open issues summary
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  
· Observations:
· But the fact is that the conformance test for FR1+FR2 band combinations has never been executed in practice. The main reason is the absence of an applicable test system that can simultaneously perform conducted measurements in FR1 and OTA measurements in FR2.
· In 6G, UL/DL spectrum decoupling will be considered. UE is likely to be configured with FR1 frequency in the UL and FR2 frequency in the DL. It’s essential to study the pure OTA test methodology for UE configuring mixed FR1-FR2 operation in 6G.
· Proposals
· Proposal 1: RAN4 to study pure OTA test methodology for UE configuring mixed FR1-FR2 operation in 6G era. (CATT)
· 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)  
· Proposals
· Proposal 1: Definition of multi-Tx schemes (such as UL-MIMO) shall be studied in the '6G General RF and UE RF' topic. (Apple)
· Proposal 2: TRP and MIMO OTA requirements for 2Tx/4Tx should be studied first. (Nokia)
· 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 study.
· Clarification on UL MIMO OTA is needed, power-based or throughout-based?

Issue 3-1-3: Testability for multi-Rx schemes  
· Proposals
· Proposal 1: It is feasible to consider multi-Rx antennas enablement for 6GR FR-1 OTA testing. (Apple)
· 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 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2520135
	CATT
	Observation 1:	the single OTA test system in 6G era should support flexible phantom configuration.
Observation 2:	the single OTA test system in 6G era should support both IFF and DFF test methods to accommodate different device types.
Observation 3:	the single OTA test system in 6G era should 1)	consider supporting adaptable grid-density deployment.
Proposal 2:		The single OTA test system in 6G era should consider supporting flexible phantom configuration; both IFF and DFF test methods, and adaptable deployment of measurement grid density to accommodate different device types and new features.

	R4-2520729
	vivo
	Proposal 4: RAN4 further discuss the feasibility and limitation of test system to cover different UE types and identify the key aspects of different UE type for test system discussion, e.g., form factor, positioning, phantoms.
Proposal 5: The following 6G device types could be considered as starting point for testability discussions: smartphone, CPE, XR, VUEs, wearables, sensing, NTN, AI agents, and robots. 

	R4-2520334
	Huawei, HiSilicon
	Proposal 5: depending on RAN plenary decision on 6G device types, a single OTA test system is feasible if it can be designed to accommodate the maximum size of all device types.

	R4-2520439
	CMCC
	Proposal 3: Discuss the testing system based on the more common devices in the NR network.
Observation 2: It is very difficult to make modifications to the tested system that has already undergone verification.
Proposal 4: Retain as much flexibility as possible for the unified testing system to develop and expand for other 6G devices.

	R4-2520493
	Xiaomi
	Observation 5: It is practical to to use handheld UEs as the baseline for developing OTA test systems in 6GR day-1.
Observation 6: RAN4 can study the extension of OTA test systems to other UE types and/or new feature/functionalities by considering the adaptation factors, e.g., antenna count, form factor, antenna radiated orientation.

	R4-2521090
	Samsung
	Proposal 7:	Mobile phone should be considered as baseline product while trying to accommodate other popular mobile devices with the same test system.
Proposal 8:	If a single test system to cover all is not feasible, RAN4 should further discuss how to minimize the number of test systems to cover maximized applicability to devices/features/functionalities/etc.

	R4-2521570
	OPPO
	The device types and form factors for 6G are not converged to a limited scope at the current early stage of 6G, which may have varying impacts and requirements on OTA testing systems, methods and procedures.
Regarding the legacy OTA system setups, SISO OTA has the sphere quiet zone with diameter D=30cm, and MIMO OTA has cylinder test zone with diameter D=20cm and height H=20cm. Some form factors of devices can not be completely contained with the quiet zone / test zone.
Clearly identify the targetedform factors (e.g., size) of 6G terminals to be considered in OTA tests is the primary task at this moment.

	R4-2521764
	Nokia
	New 6G UE category definition will be studied, addressing the development of an increasingly varied set of device categories. OTA test requirements and test methods should be correspondingly adjusted.  However, we can wait until those works are done in other parts of 3GPP.
Observation 3: The fixed size of the quiet zone in a physical chamber may make it difficult to accommodate different UE types with varying sizes..  
We propose consulting the TE vendor to determine whether the quiet zone can be made large enough to accommodate UEs of varying sizes.

	R4-2522030
	Keysight Technologies UK Ltd
	[bookmark: _Ref213079820][bookmark: _Ref213081411][bookmark: _Ref213396241]Proposal 5: Feedback from RAN4 is requested which new device types shall be prioritized for 6G for OTA testing
[bookmark: _Ref213081412][bookmark: _Ref213396242]Proposal 6: If some of the prioritized device types (from Proposal 5) are significantly larger than what existing conformance OTA test systems can readily support, RAN4 should consider testing the corresponding sub-assemblies/components with (ideally) the same OTA performance

	R4-2522037
	Ericsson
	Observation 3. Many types of devices are used with cellular networks, 6G will add more devices. Among all these device types, mobile phones are the most spread devices. 
Observation 4. In the past releases there has been a good progress on TRP/TRS OTA measurement of mobile devices. However, there are still very important issues, OTA measurement of MSD, dynamic MIMO OTA, OTA testing of AI/ML and so on, to handle before targeting new types of devices.
Proposal 3. RAN4 to focus on addressing key challenges such as MSD OTA measurement, dynamic MIMO OTA, and OTA testing of AI/ML features before expanding to new device categories.



Open issues summary
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  
· Observations 
· The fixed size of the quiet zone in a physical chamber may make it difficult to accommodate different UE types with varying sizes.
· Proposals
· Proposal 1: RAN4 further discuss the feasibility and limitation of test system to cover different UE types and identify the key aspects of different UE type for test system discussion, e.g., form factor, positioning, phantoms. (vivo)
· Proposal 2: Clearly identify the targeted form factors (e.g., size) of 6G terminals to be considered in OTA tests is the primary task at this moment. (OPPO)
· Proposal 3: If a single test system to cover all is not feasible, RAN4 should further discuss how to minimize the number of test systems to cover maximized applicability to devices/features/functionalities/etc. (Samsung)
· Proposal 4: The single OTA test system in 6G era should consider supporting flexible phantom configuration; both IFF and DFF test methods, and adaptable deployment of measurement grid density to accommodate different device types and new features. (CATT)
· Proposal 5: We propose consulting the TE vendor to determine whether the quiet zone can be made large enough to accommodate UEs of varying sizes. (Nokia)
Nokia: inputs from UE vendors regarding the sizes of different devices are welcome.
OPPO: need to understand any other aspects beyond the device type.
· 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  
· Proposals
· Proposal 1: The following 6G device types could be considered as starting point for testability discussions: smartphone, CPE, XR, VUEs, wearables, sensing, NTN, AI agents, and robots. (vivo)
· Proposal 2: depending on RAN plenary decision on 6G device types, a single OTA test system is feasible if it can be designed to accommodate the maximum size of all device types. (Huawei)
· Proposal 3: RAN4 to focus on addressing key challenges such as MSD OTA measurement, dynamic MIMO OTA, and OTA testing of AI/ML features before expanding to new device categories. (Ericsson)
· Proposal 4: Mobile phone should be considered as baseline product while trying to accommodate other popular mobile devices with the same test system. (Samsung, Xiaomi)
· RAN4 can study the extension of OTA test systems to other UE types and/or new feature/functionalities by considering the adaptation factors, e.g., antenna count, form factor, antenna radiated orientation. 
· Proposal 5: Discuss the testing system based on the more common devices in the NR network. (CMCC)
· Retain as much flexibility as possible for the unified testing system to develop and expand for other 6G devices
· Proposal 6: Feedback from RAN4 is requested which new device types shall be prioritized for 6G for OTA testing. (Keysight)
· If some of the prioritized device types (from Proposal 5) are significantly larger than what existing conformance OTA test systems can readily support, RAN4 should consider testing the corresponding sub-assemblies/components with (ideally) the same OTA performance
· 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 OTA testability 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2520729
	vivo
	Proposal 6: For 6G AI, the test methodology will be developed based on use cases and performance metric. The proper channel model, test framework and corresponding test setup could be discussed in testability agenda.

	R4-2520293
	Apple
	Proposal 10: 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.

	R4-2520334
	Huawei, HiSilicon
	Observation 2: 6G AI use cases do not seem to require OTA tests.

	R4-2520439
	CMCC
	Proposal 5: for AI/ML, it is proposed to consider dynamic test (i.e. environment changes dynamically during the test) in 6GR.

	R4-2521090
	Samsung
	Proposal 9:	the testability discussion of 6G AI/ML should be postponed until there is confirmed use case(s) in the AI thread.

	R4-2521258
	Qualcomm Incorporated
	Proposal 6: The the correspoding test method to verify the new AI/ML features such as reduced RX beam sweeping factor needs to be further studied in RAN4. 
Propsoal 7: 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 differnt channel conditions to check the genralization of AI/ML models.

	R4-2521570
	OPPO
	For AI/ML, it is not necessary to perform end-to-end evaluation through OTA approach, even for FR2 frequency range.
Consider the decoupling test method (signal acquisition and AI model performance) for AI BM test case.

	R4-2521764
	Nokia
	1. The OTA test methods developed for AIML mobility is for FR1 use case, and AIML BM is for FR2 use case. They can be leveraged as reference points for the continued development of OTA test methods for AI/ML use cases in future releases. 

	R4-2522037
	Ericsson
	Proposal 4. Study OTA testing for the added AI/ML functionalities with the appropriate channel models as Spatial Channel Model (SCM). 
Overfitted AI/ML functionalities can pass a specific testing scenario, but they will not function in any other real use scenario. This can be avoided by testing the AI/ML functionalities under divers scenarios/ use cases (different channel models and deployment scenarios (RMa, UMa, UMi, …) different doppler shifts and so on.
Observation 5: AI/ML models can be over-trained/ overfitted, performing well in a specific test scenario but failing to generalize to real-world conditions.
Proposal 5: Implement diverse testing across multiple channel models, deployment scenarios, and Doppler shifts to ensure robustness and generalization of the AI/ML functionalities.



Open issues summary
Sub-topic 5-1 Enhanced OTA 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 discuss whether dynamic condition should be considered for 6G AI/ML.
· RAN4 study whether a decoupling test method (signal acquisition and AI model performance) for AI BM test case can be adopted.
· A more generic test system should be studied to cover a wide range of AI/ML test case. 
· OTA related AI/ML assisted featre should be studied.


Issue 5-1-2: Channel model for 6G AI testing   
· Proposals
· Proposal 1: Study OTA testing for the added AI/ML functionalities with the appropriate channel models as Spatial Channel Model (SCM). (Ericsson)
· Proposal 2: Implement diverse testing across multiple channel models, deployment scenarios, and Doppler shifts to ensure robustness and generalization of the AI/ML functionalities. (Ericsson)
· Recommended WF
· TBA.

Issue 5-1-3: Clarification of testability discussion scope   
· Proposals
· Proposal 1: For 6G AI, the test methodology will be developed based on use cases and performance metric. The proper channel model, test framework and corresponding test setup could be discussed in testability agenda. (vivo)
· Proposal 2: the testability discussion of 6G AI/ML should be postponed until there is confirmed use case(s) in the AI thread. (Samsung)
· Recommended WF
· For 6G AI, the test methodology will be developed based on use cases and performance metric. The proper channel model, test framework and corresponding test setup could be discussed in testability agenda.
· If testability issue is identified, the discussion can be in parelle. 
Samsung: AI use cases and the testability issue should be firstly identified before moving the discussion to this thread.
Huawei: most of AI rest should be doable based on the conducted test.
OPPO: signal generation and the performance test on AI model should be decoupled
Apple: OTA based AI test cases should be studied first.
Nokia: the agreement in 5G AI discussion can be used as the starting point.
Samsung: both conducted and OTA should be taken into consideration.
Xiaomi: need to understand if LCM related test methodology should be considered

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
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2520135
	CATT
	Proposal 3：	The harmonized OTA test methodologies for TN and NTN could consider supporting the verification of both TRP/TRS and PRP/PRS metric as a starting point.

	R4-2520293
	Apple
	Observation 6: The anechoic chamber-based reference method that also applies to NTN UEs in the SISO OTA test specification TS 38.161 and can be the baseline for such a harmonized TN/NTN test system for FR1.
Proposal 11: Consider the Anechoic chamber (AC) reference method as the starting point for the harmonized TN/NTN test framework specific to FR1.
Proposal 12: RAN4 to consider below factors specific to NTN (other factors not precluded) when evaluating the Harmonized TN/NTN OTA FR1 test aspects for 6G
- New NTN Usage scenarios beyond what has been defined in Rel-19 
- Coordination of multiple nodes (TN and NTN in same setup). 
- TN-NTN MRSS
- Connectivity across multiple types of orbits (LEO+MEO+GEO etc.).

	R4-2520334
	Huawei, HiSilicon
	Observation 3: it is possible to design a test system to accommodate OTA tests for both TN and NTN either in the form of anechoic chambers or IFF.

	R4-2520918
	Anritsu Corporation
	Observation 5: FR1-NTN is defined as up to 14.5 GHz.
Proposal 2: Further clarification is necessary if the previous agreement of Issue 6-1-1 in WF [3(R4-2514820)] denotes sub-6GHz or it includes the frequency up to 14.5 GHz.
Observation 6: A larger OTA chamber and an installing area are required to cover both TN and NTN devices in FR1 and FR1-NTN. 
Observation 7: There might be a need to equip the chamber with the linear polarization antenna and the circular polarization antennae (LHCP and RHCP) if we try to cover both TN and NTN devices in one OTA chamber.

	R4-2521258
	Qualcomm Incorporated
	Propsoal 4: RAN4 to study a harmonized test setup for TN and NTN FR1 devices, supporting both CP and LP to reflect real deployment scenarios.
Proposal 5: Consider implementing CP measurement antennas using LP combined with a 90° quadrature hybrid as the starting point. RAN4 should further investigate the feasibility of an automated switching solution among RHCP, LHCP, and LP.

	R4-2521570
	OPPO
	A compatible OTA test system for both full sphere metrics and partial sphere metrics is not only necessary for the harmonization of TN and NTN, but also for different types of TN devices.
No additional hardware upgrade is introduced for the legacy SISO OTA chamber to support both full sphere scanning and partial sphere scanning.
The power loss due to polarization mismatch (linear polarization and circular polarization) mainly occurs in uplink communication.
The system complexity and cost should be studied for specifying the unified OTA chamber measurement antenna hardware that can meet both TN and NTN requirements.



Open issues summary
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   
· Observation 
· it is possible to design a test system to accommodate OTA tests for both TN and NTN either in the form of anechoic chambers or IFF
· The anechoic chamber-based reference method that also applies to NTN UEs in the SISO OTA test specification TS 38.161 and can be the baseline for such a harmonized TN/NTN test system for FR1
· Proposals
· Proposal 1: Consider the Anechoic chamber (AC) reference method as the starting point for the harmonized TN/NTN test framework specific to FR1. (Apple) 
· Proposal 2: RAN4 to consider below factors specific to NTN (other factors not precluded) when evaluating the Harmonized TN/NTN OTA FR1 test aspects for 6G. (Apple)
· - New NTN Usage scenarios beyond what has been defined in Rel-19 
· - Coordination of multiple nodes (TN and NTN in same setup). 
· - TN-NTN MRSS
· - Connectivity across multiple types of orbits (LEO+MEO+GEO etc.).
· Recommended WF
· AC can be baseline for further study with the understanding that other methods are not precluded.  
Agreement: 
Consider the Anechoic chamber (AC) reference method as the baseline for the harmonized TN/NTN test framework specific to FR1
Issue 6-1-2: Clarification of the frequency range for Harmonized OTA test methodologies   
· Observation 
· FR1-NTN is defined as up to 14.5 GHz
· A larger OTA chamber and an installing area are required to cover both TN and NTN devices in FR1 and FR1-NTN
· Proposals
· Proposal 1: Further clarification is necessary if the previous agreement of Issue 6-1-1 in WF [3(R4-2514820)] denotes sub-6GHz or it includes the frequency up to 14.5 GHz. (Anritsu) 
· Recommended WF
· For new frequency the target is also to define a harmonized system, further study the feasibility and limitations.  

Issue 6-1-3: Supported polarization for Harmonized TN-NTN OTA test methodologies   
· Proposals
· Proposal 1: There might be a need to equip the chamber with the linear polarization antenna and the circular polarization antennae (LHCP and RHCP) if we try to cover both TN and NTN devices in one OTA chamber. (Anritsu) 
· Proposal 2: RAN4 to study a harmonized test setup for TN and NTN FR1 devices, supporting both CP and LP to reflect real deployment scenarios. (Qualcomm)
· Consider implementing CP measurement antennas using LP combined with a 90° quadrature hybrid as the starting point. RAN4 should further investigate the feasibility of an automated switching solution among RHCP, LHCP, and LP.
Keysight/Samsung: LP is assumed for FR1 NTN in 5G.
Qualcomm: NR decision is made as a compromise to address TE’s concern to upgrade the test to support CP. 
Nokia: same view as Qualcomm
Apple: LP can be used as the baseline and CP can be studied further
OPPO: in 5G study, CP and LP perform quite similar.
Xiaomi: same view as Keysight
· 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   
· Observation 
· The power loss due to polarization mismatch (linear polarization and circular polarization) mainly occurs in uplink communication
· Proposals
· Proposal 1: The system complexity and cost should be studied for specifying the unified OTA chamber measurement antenna hardware that can meet both TN and NTN requirements. (OPPO) 
· Recommended WF
· Due to different UE size and supported feature for TN and NTN, the OTA system complexity should be further discussed considered all the potential metric/requirements to be verified. 


Issue 6-1-5: supported metric for harmonized method  
· Observation 
· A compatible OTA test system for both full sphere metrics and partial sphere metrics is not only necessary for the harmonization of TN and NTN, but also for different types of TN devices
· No additional hardware upgrade is introduced for the legacy SISO OTA chamber to support both full sphere scanning and partial sphere scanning
· Proposals
· Proposal 1: The harmonized OTA test methodologies for TN and NTN could consider supporting the verification of both TRP/TRS and PRP/PRS metric as a starting point. (CATT) 
· Recommended WF
· Both full sphere and partial sphere metric could be supported.
· RAN4 can further study any limitation to achieve above target.

Topic #7: Improved test methods and metric for SISO OTA  
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2520293
	Apple
	Observation 7: Test methodology and configurations for UE with Tx antenna switch is captured in TR 38.834. 
Proposal 13: RAN4 to further evaluate the similar approach for 6GR FR-1 OTA testing.

	R4-2520493
	Xiaomi
	Observation 7: it is necessary to study OTA test configurations that reflect real-world usage scenarios, e.g. supporting antenna switching.
Observation 8: For the SISO OTA test configuration in 6GR, it is benefit and efficiency that OTA test configurations can be upgraded based on the existing 5G OTA system.

	R4-2521090
	Samsung
	Observation 6:	OTA testing with UE’s transmission antenna switching function enabled requires specific OTA chamber design (combined measurement antenna and link antenna) and some of existing OTA chamber (separate measurement antenna and link antenna) will not work.
It is necessary for the industry to evaluate if such change in test system is affordable for various parties. 

	R4-2521258
	Qualcomm Incorporated
	Proposal 3: RAN4 to study the feasibility and testability of using RC as an alternative test method for FR2 TRP-based measurements. Further study is needed on whether RC can be applied to EIRP and EIS-based measurements.

	R4-2521764
	Nokia
	Folded phones are in high demand in the market. CTIA has developed the OTS test specification for a folded phone based on the unfolded and folded states. However, there is no folded phone OTA test specification defined yet in 3GPP.
Refer to the CITA folded phone OTA test plan, study and develop a folded phone OTA test plan related to measurement setup, test procedure, and preliminary MU for 3GPP. 
Observation 5: High-power UEs may cause chip heating, MPE concerns, and coexistence issues. Well-controlled transmit power, using mechanisms such as MPR and duty cycle, is required, and these considerations need to be more carefully addressed than for non-high-power UEs.
Proposal 5: Consider developing OTA test methods to properly address high-power UE transmit power requirements. This may include mechanisms such as MPR, duty cycle, power headroom reporting, and monitoring to control the UE’s maximum output power across different scenarios.



Open issues summary
Sub-topic 7-1 Enhanced OTA test method and metric for SISO 
Issue 7-1-1: Enhanced OTA test method for Tx switching  
· Observation
· Test methodology and configurations for UE with Tx antenna switch is captured in TR 38.834
· OTA testing with UE’s transmission antenna switching function enabled requires specific OTA chamber design (combined measurement antenna and link antenna) and some of existing OTA chamber (separate measurement antenna and link antenna) will not work
· it is necessary to study OTA test configurations that reflect real-world usage scenarios, e.g. supporting antenna switching
· Proposals
· Proposal 1: RAN4 to further evaluate the similar approach for 6GR FR-1 OTA testing. (Apple)
· 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    
· Proposals
· Proposal 1: Refer to the CITA folded phone OTA test plan, study and develop a folded phone OTA test plan related to measurement setup, test procedure, and preliminary MU for 3GPP. (Nokia)
· Proposal 2: Consider developing OTA test methods to properly address high-power UE transmit power requirements. This may include mechanisms such as MPR, duty cycle, power headroom reporting, and monitoring to control the UE’s maximum output power across different scenarios. (Nokia)
· 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. 

Issue 7-1-3: Consider RC as 6GR FR2 alternative method    
· Proposals
· Proposal 1: RAN4 to study the feasibility and testability of using RC as an alternative test method for FR2 TRP-based measurements. Further study is needed on whether RC can be applied to EIRP and EIS-based measurements. (Qualcomm)
· Recommended WF
· RAN4 further discuss RC as alternative for FR2 TRP based measurements as first step.
· If confirmed, RAN4 Further study whether RC can be applied to EIRP and EIS-based measurements.

Topic #8: Improved test methods and metric for DL MIMO OTA 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2520293
	Apple
	Observation 8: 6GR should build on FR1 Dynamic Channel Model definitions from [6] including the conclusion of FoM metric respective weights if applicable.
Proposal 14: RAN4 to continue the definition of FR1 2D Dynamic Channel Model with Link Adaptation started on [6] for 6GR FR1 MIMO OTA testing. 
Observation 9: There are no commercially available MIMO OTA integrated systems capable to emulate FR1 Dynamic Channel Model with Link Adaptation
Proposal 15:	RAN4 to prioritize FR1 MIMO OTA with Dynamic Channel Model in Free Space, defining lab alignment framework and measurement campaigns on 6GR, prior to develop phantom testing.
Observation 10:	The further development of FR2 and new frequency ranges MIMO OTA will reduce the resources to proper complete the ongoing work done in FR1 MIMO OTA with Dynamic Channel Model with link adaptation.
Proposal 16: RAN4 to prioritize the completion of Free Space FR1 MIMO OTA with Dynamic Channel Model test methodology and FoM metric on 6GR, deprioritizing FR2 and new frequency ranges. 

	R4-2520334
	Huawei, HiSilicon
	Proposal 6: Do not consider 3D probe setups for MIMO OTA tests
Proposal 7: Include browsing mode in MIMO OTA measurement campaign under dynamic channels.
Proposal 8: Include multi-TRP in MIMO OTA test methodology development under dynamic channels.

	R4-2520524
	CAICT
	Proposal 4: Dynamic MIMO OTA (at least dynamic channel model and link adaptation) is established as the baseline methodology for 6G.
Proposal 5: The study of 6G dynamic MIMO OTA should include the evaluation of hand model conditions. The test zone should be dimensioned accordingly to accommodate the phantom.

	R4-2521090
	Samsung
	Proposal 10:	RAN4 should be cautious on the selection of 2D or 3D channel model for MIMO OTA. A selection of 3D channel model could only be done with sufficient justification in terms of both cost and performance.
Proposal 11:	Phantom involved testing in MIMO OTA is not considered in 6G Day-1.

	R4-2522030
	Keysight Technologies UK Ltd
	[bookmark: _Ref213081413]Proposal 7: Introduce realism to MIMO OTA testing for 6GR by introducing 3D channel models
[bookmark: _Ref213081414]Proposal 8: Introduce realism to MIMO OTA testing for 6GR by focusing on testing with single-hand and potentially even dual-hand phantoms (following a liaison with CTIA)
[bookmark: _Ref209028886][bookmark: _Ref209691823][bookmark: _Ref213081415]Proposal 9: Focus MIMO OTA assessments in 6G for FR1 as well as the range between FR1 and FR2 on more realistic scenarios, namely dynamic MIMO OTA with dynamic channel models and link adaptation
[bookmark: _Ref213154637][bookmark: _Ref213396243]Proposal 10: Operators/OEMs/chipset vendors to provide detailed information on the desired implementation details regarding Multi-TRP for MIMO OTA 



Open issues summary
Sub-topic 8-1 Dynamic MIMO OTA for 6GR 
Issue 8-1-1: Dynamic or Static for 6G MIMO OTA  
· Proposals
· Proposal 1: Dynamic MIMO OTA (at least dynamic channel model and link adaptation) is established as the baseline methodology for 6G. (CAICT)
Keysight: support option 1. 
OPPO: due to the complexity and cost, 5G MIMO OTA does not take off. What’s the difference in 6G?
Keysight: dynamic MIMO OTA and the static MIMO OTA use the same system with simiar cost
Nokia: OK with proposal 1.
OPPO: comparing with static MIMO OTA, dynamic MIMO OTA will at least have different channel models. 
Nokia: more comparison between static and dynamic MIMO OTA need to be done.
Apple: same view as keysight regarding the comparison between static and dynamic OTA in terms of complexity and the cost.
Vivo: for FR1, what keysight said is true. 

· Proposal 2: Focus MIMO OTA assessments in 6G for FR1 as well as the range between FR1 and FR2 on more realistic scenarios, namely dynamic MIMO OTA with dynamic channel models and link adaptation (Keysight)
· Recommended WF
· There were different views last meeting on precluding static in the beginning.
· RAN4 can work on dynamic MIMO OTA with higher priority than static, if there are more interests on developing dynamic test system and performance metric for 6G UEs.
Issue 8-1-2: Potential channel models for 6G dynamic MIMO OTA  
· Observations
· There are no commercially available MIMO OTA integrated systems capable to emulate FR1 Dynamic Channel Model with Link Adaptation
· Proposals
· Proposal 1: RAN4 to continue the definition of FR1 2D Dynamic Channel Model with Link Adaptation started on [6] for 6GR FR1 MIMO OTA testing. (Apple)
· Proposal 2: RAN4 should be cautious on the selection of 2D or 3D channel model for MIMO OTA. A selection of 3D channel model could only be done with sufficient justification in terms of both cost and performance. (Samsung)
· Proposal 3: Do not consider 3D probe setups for MIMO OTA tests. (Huawei)
· Proposal 4: Introduce realism to MIMO OTA testing for 6GR by introducing 3D channel models. (Keysight)
· Recommended WF
· It is too early to make down-selection of 2D or 3D before discussing the channel model and potential system setup of probe configurations.
· RAN4 can make 2D as baseline and further study the feasibility of 3D with consideration of system complexity and performance gain of UE

Issue 8-1-3: Phantom for dynamic MIMO OTA testing  
· Proposals
· Proposal 1: RAN4 to prioritize FR1 MIMO OTA with Dynamic Channel Model in Free Space, defining lab alignment framework and measurement campaigns on 6GR, prior to develop phantom testing. (Apple)
· Proposal 2: Phantom involved testing in MIMO OTA is not considered in 6G Day-1. (Samsung)
· Proposal 3: Include browsing mode in MIMO OTA measurement campaign under dynamic channels. (Huawei)
· Proposal 4: The study of 6G dynamic MIMO OTA should include the evaluation of hand model conditions. The test zone should be dimensioned accordingly to accommodate the phantom. (CAICT) 
· Proposal 5: Introduce realism to MIMO OTA testing for 6GR by focusing on testing with single-hand and potentially even dual-hand phantoms (following a liaison with CTIA). (Keysight)
· Recommended WF
· There are different views on whether phantom is introduced for MIMO OTA.
· 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 8-1-4: Whether consider Multiple Transmission Reception Points for dynamic MIMO OTA  
· Proposals
· Proposal 1: Include multi-TRP in MIMO OTA test methodology development under dynamic channels. (Huawei)
· Proposal 2: Operators/OEMs/chipset vendors to provide detailed information on the desired implementation details regarding Multi-TRP for MIMO OTA. (Keysight)
· Recommended WF
· More discussion and clarification is needed.
· Further check dependency of this issue with RAN1.


Issue 8-1-5: Priority of Dynamic MIMO OTA for 6G frequencies, i.e., FR1/FR2/new frequency  
· Proposals
· Proposal 1: RAN4 to prioritize the completion of Free Space FR1 MIMO OTA with Dynamic Channel Model test methodology and FoM metric on 6GR, deprioritizing FR2 and new frequency ranges. (Apple)
· Proposal 2: Focus MIMO OTA assessments in 6G for FR1 as well as the range between FR1 and FR2 on more realistic scenarios, namely dynamic MIMO OTA with dynamic channel models and link adaptation. (Keysight)
· Recommended WF
· 6G can start with FR1 dynamic MIMO OTA. Further consider other frequencies if needed. 

Efficiency improvement (Test and requirements) 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2520729
	vivo
	 Proposal 7: RAN4 could consider the following alternatives for 6G test method consideration: 
· Single point offset approach
· Coarse measurement grid 
· Spiral Scan procedure for TRP
· Reverberation chamber
Fast Tx/Rx Spherical Coverage Method

	R4-2520439
	CMCC
	Observation 3: By setting test priorities and simplifying test procedures and methods, the time and cost can be further reduced.

	R4-2521258
	Qualcomm Incorporated
	Observation 1: The OTA inlcuiding both SISO OTA and MIMO OTA requirements for 6G bands will not be defined in 6G Day 1 due to the absence of commercial devices. 
Propsoal 2: Study can be conducted in RAN4 to assess whether OTA requirement can be derived without measurement results or with partial measurement resluts. The initial investigation into reduced reliance on measurement campaigns could focus on UE types with more standardized antenna configurations, such as those incorporating glass structures.

	R4-2522030
	Keysight Technologies UK Ltd
	[bookmark: _Ref209028887][bookmark: _Ref209082882]Proposal 11: 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.



Open issues summary
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
· The above methods are adopted in 5G which would be considered as much as possible for 6G to enhance efficiency.

Issue 9-1-2: improved efficiency on OTA requirement development  
· Proposals
· Proposal 1: Study can be conducted in RAN4 to assess whether OTA requirement can be derived without measurement results or with partial measurement results. The initial investigation into reduced reliance on measurement campaigns could focus on UE types with more standardized antenna configurations, such as those incorporating glass structures. (Qualcomm)
· Recommended WF
· How to specify OTA requirement needs more study, an updagted framework is valueble.
· RAN4 futhre discsuss whether possible to use simulation+measurement based approach.

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
· A framework on improvement of feature discussion and corresponding testability to minimize unnecessary delays and confusion can be discussed.

 Topic #10: Testability for others issues 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2521764
	Nokia
	New OTA test method proposals brought by companies to 3GPP should be regarded as opportunities for advancing and evolving the standard. There should be no struggle in handling them.
With TPs documenting pros and cons, baseline comparisons, and use cases to support clear decisions on future standards while recording the evolution of OTA testing.
Standardize the procedure of studying the new OTA test methods proposed in the 3GPP meetings. 
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.


Open issues summary
Sub-topic 10-1 other 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
· TBA.

 Annex: All contributions and proposals for 6G Testability
Companies’ contributions and proposals in Agenda 8.11
	R4-2520135
	Discussion on 6G OTA and testability
	CATT
	Proposal 1：	To improve FR1 MSD testing, consider one of the following approaches:
(3) Apply OTA test method to replace conducted test method
(4) Improve the existing conducted test setup by introducing signal simulators that provide emulated antenna-coupling products and other interferers to UE Rx connectors
Observation 1:	the single OTA test system in 6G era should support flexible phantom configuration.
Observation 2:	the single OTA test system in 6G era should support both IFF and DFF test methods to accommodate different device types.
Observation 3:	the single OTA test system in 6G era should 1)	consider supporting adaptable grid-density deployment.
Proposal 2:		The single OTA test system in 6G era should consider supporting flexible phantom configuration; both IFF and DFF test methods, and adaptable deployment of measurement grid density to accommodate different device types and new features.
Proposal 3：	The harmonized OTA test methodologies for TN and NTN could consider supporting the verification of both TRP/TRS and PRP/PRS metric concurrently as a starting point.
Proposal 4:	RAN4 to study pure OTA test methodology for UE configuring mixed FR1-FR2 operation in 6G era.

	R4-2520729
	Further discussions on 6G Testability and OTA
	vivo
	Proposal 1: RAN4 further discuss a reasonable testing efficiency or skipping rule to reduce MSD OTA test burden, e.g., a general framework on how to select MSD configurations for OTA testing.
Proposal 2:  RAN4 further discuss whether the radiated MSD performance could be helpful for network configuration or UE design.
Proposal 3: RAN4 should further study details of the following solutions for new frequencies of 6GR:
· Study the limitations and feasibility to broaden FR1 AC system frequency range to cover FR1 to new 6G frequencies and discuss potential upper limit.
· Study the limitations and feasibility to broaden FR2 IFF system frequency range to cover new 6G frequencies to FR2 and discuss potential lower limit.
· Leverage existing FR1 and FR2 OTA system, and study a dedicate/new system only support the new frequency range and analyze the feasible QZ size and measurement distance.
Proposal 4: RAN4 further discuss the feasibility and limitation of test system to cover different UE types and identify the key aspects of different UE type for test system discussion, e.g., form factor, positioning, phantoms.
Proposal 5: The following 6G device types could be considered as starting point for testability discussions: smartphone, CPE, XR, VUEs, wearables, sensing, NTN, AI agents, and robots. 
Proposal 6: For 6G AI, the test methodology will be developed based on use cases and performance metric. The proper channel model, test framework and corresponding test setup could be discussed in testability agenda.
Proposal 7: RAN4 could consider the following alternatives for 6G test method consideration: 
· Single point offset approach
· Coarse measurement grid 
· Spiral Scan procedure for TRP
· Reverberation chamber
· Fast Tx/Rx Spherical Coverage Method

	R4-2520293
	Initial views on 6G OTA Testability
	Apple
	Observation 1: Verifying regulatory-facing requirements via the OTA approach can yield some benefits to the network, but the trade-off in additional test time, implementation complexity associated with device calibration, and unclear process to specify the requirement should be taken into consideration.
Proposal 1: Whether to introduce the OTA approach to requirements currently specified in the conducted domain should be discussed in the UE RF discussion thread for the 6G SI.
Proposal 2: For evaluation of conducted requirements to be verified via OTA approach, do not include MSD scenarios for evaluation due to the complexity of setting up configurations. 
Observation 2: UE beamforming performance gain was captured in TR 38.803 at 15 GHz for 5GNR.
Proposal 3: It is feasible to consider over-the-air test methodologies for frequencies > 15GHz.
Observation 3: 6G frequency range overlaps with existing 5G NR frequency range FR-1 and FR-2.
Proposal 4: Reuse the same temperature condition for 6GR overlapping frequencies with NR.
Proposal 5: FFS how to study and quantify the temperature condition for 6GR new frequency range for OTA testing including recommendations for MU. 
Observation 4: AC method is explicitly defined as reference method for SISO OTA testing involving measurement of TRP/TRS performance for smartphones.
Proposal 6: Consider the Anechoic Chamber (AC) defined up to FR1 as the starting point for study of 6G SISO OTA testing
Proposal 7: Study the feasibility of extending existing Anechoic Chamber (AC) methodology to frequency range beyond FR1 for 6G SISO testing (for e.g. 10 GHz, Actual higher end being FFS).
Proposal 8: Definition of multi-Tx schemes (such as UL-MIMO) is pending in the '6G General RF and UE RF' topic. 
Observation 5: Test methodology for UE with multi-Rx antenna is captured in TR 38.834 for OTA TRS test. 
Proposal 9: It is feasible to consider multi-Rx antennas enablement for 6GR FR-1 OTA testing. 
Proposal 10: 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. 
Observation 6: The anechoic chamber-based reference method that also applies to NTN UEs in the SISO OTA test specification TS 38.161 and can be the baseline for such a harmonized TN/NTN test system for FR1.
Proposal 11: Consider the Anechoic chamber (AC) reference method as the starting point for the harmonized TN/NTN test framework specific to FR1.
Proposal 12: RAN4 to consider below factors specific to NTN (other factors not precluded) when evaluating the Harmonized TN/NTN OTA FR1 test aspects for 6G
- New NTN Usage scenarios beyond what has been defined in Rel-19 
- Coordination of multiple nodes (TN and NTN in same setup). 
- TN-NTN MRSS
- Connectivity across multiple types of orbits (LEO+MEO+GEO etc.).
Observation 7: Test methodology and configurations for UE with Tx antenna switch is captured in TR 38.834. 
Proposal 13: RAN4 to further evaluate the similar approach for 6GR FR-1 OTA testing.
Observation 8: 6GR should build on FR1 Dynamic Channel Model definitions from [6] including the conclusion of FoM metric respective weights if applicable.
Proposal 14:	RAN4 to continue the definition of FR1 2D Dynamic Channel Model with Link Adaptation started on [6] for 6GR FR1 MIMO OTA testing. 
Observation 9: There are no commercially available MIMO OTA integrated systems capable to emulate FR1 Dynamic Channel Model with Link Adaptation
Proposal 15: RAN4 to prioritize FR1 MIMO OTA with Dynamic Channel Model in Free Space, defining lab alignment framework and measurement campaigns on 6GR, prior to develop phantom testing.
Observation 10:	The further development of FR2 and new frequency ranges MIMO OTA will reduce the resources to proper complete the ongoing work done in FR1 MIMO OTA with Dynamic Channel Model with link adaptation.
Proposal 16: RAN4 to prioritize the completion of Free Space FR1 MIMO OTA with Dynamic Channel Model test methodology and FoM metric on 6GR, deprioritizing FR2 and new frequency ranges.

	R4-2520334
	Further consideration on  testability and OTA study for 6G
	Huawei, HiSilicon
	Observation 1: it is more difficult to introduce variations to existing TRP and TRS test setups to accommodate tests such as blocking for FR1 frequency range.
Observation 2: 6G AI use cases do not seem to require OTA tests.
Observation 3: it is possible to design a test system to accommodate OTA tests for both TN and NTN either in the form of anechoic chambers or IFF.
Proposal 1: If justified, it is possible to introduce some OTA tests using current TRP and TRS test setups, e.g., EVM, out of band or spurious emission tests for FR1 frequency range.
Proposal 2: Study and develop a test method to measure TRP with transmit antenna switching on.
Proposal 3: Use conducted tests for cases where antennas are accessible, for example, below 15 GHz.
Proposal 4: For the devices where antennas are not accessible or creation of an antenna port would significantly degrade the existing RF performance, for example, above 15GHz, OTA tests should be used
Proposal 5: Depending on RAN plenary decision on 6G device types, a single OTA test system is feasible if it can be designed to accommodate the maximum size of all device types.
Proposal 6: Do not consider 3D probe setups for MIMO OTA tests
Proposal 7: Include browsing mode in MIMO OTA measurement campaign under dynamic channels.
Proposal 8: Include multi-TRP in MIMO OTA test methodology development under dynamic channels.

	R4-2520439
	Discussion on 6GR Testability and OTA
	CMCC
	Observation 1: Although the OTA test is closer to the real scenario, its testing cost is high and it takes a long time.
Proposal 1: It is suggested to retain the conducted test at this stage and analyze it using the case-by-case method.
Proposal 2: For the testability around 7GHz, FR1 conduction test should be used as the baseline.
Proposal 3: Discuss the testing system based on the more common devices in the NR network.
Observation 2: It is very difficult to make modifications to the tested system that has already undergone verification.
Proposal 4: Retain as much flexibility as possible for the unified testing system to develop and expand for other 6G devices.
Observation 3: By setting test priorities and simplifying test procedures and methods, the time and cost can be further reduced.
Proposal 5: for AI/ML, it is proposed to consider dynamic test (i.e. environment changes dynamically during the test) in 6GR.

	R4-2520493
	Discussion on 6GR testability and OTA
	Xiaomi
	Observation 1: The existing MSD conformance testing in NR underestimates the real-world self-interference by excluding antenna coupling.
Observation 2: Introducing MSD OTA testing will introduce significant uncertainty, complexity and cost without the proportional benefit.
Observation 3: It is premature to directly study the OTA-based MSD testing unless there is sufficient consensus on the overall MSD framework design.
Observation 4: From testability perspective, it is assumed that the frequency break-point of FR1-style conducted can be up to 8.4GHz.
Observation 5: It is practical to to use handheld UEs as the baseline for developing OTA test systems in 6GR day-1.
Observation 6: RAN4 can study the extension of OTA test systems to other UE types and/or new feature/functionalities by considering the adaptation factors, e.g., antenna count, form factor, antenna radiated orientation.
Observation 7: it is necessary to study OTA test configurations that reflect real-world usage scenarios, e.g. supporting antenna switching.
Observation 8: For the SISO OTA test configuration in 6GR, it is benefit and efficiency that OTA test configurations can be upgraded based on the existing 5G OTA system.

	R4-2520524
	Views on Testability and OTA for 6GR
	CAICT
	Proposal 1: Consider technical necessity, testability gap, test repeatability & stability, and cost & complexity impact when selecting candidate testing for migration from conducted to OTA testing.
Proposal 2: For 6G frequency bands that overlap with existing 5G NR bands, the corresponding 5G FR1 and FR2 test methodologies shall be reused as the baseline.
Proposal 3: RAN4 to evaluate the extension of existing FR1 and FR2 OTA test systems to cover new 6G frequencies, with the objective of identifying any coverage gaps or overlaps. This evaluation should address:
- the practical upper-frequency limit of FR1 OTA test systems
- the practical lower-frequency limit of FR2 OTA test systems
Proposal 4: Dynamic MIMO OTA (at least dynamic channel model and link adaptation) is established as the baseline methodology for 6G.
Proposal 5: The study of 6G dynamic MIMO OTA should include the evaluation of hand model conditions. The test zone should be dimensioned accordingly to accommodate the phantom.

	R4-2520918
	Views on 6GR testability and OTA
	Anritsu Corporation
	Observation 1: In FR1, the UE antenna was assumed to be a single element (omnidirectional), while in FR2, an array antenna (antenna aperture 5 cm) was assumed. An information on the UE antenna's directivity (beamwidth) is necessary for examining the TRP measurement grid width and calculating the measurement uncertainty (MU). To determine test methodologies for new 6GR frequencies at the range between FR1 and FR2 (aka FR3), in addition to a boundary of conducted testing and radiated testing, it is necessary to clarify an expected antenna structure in the UE.
Proposal 1: Proponent companies are encouraged to clarify the following antenna structure for devices in between FR1 and FR2 (aka FR3).
- 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)
Observation 2: Additional studies are necessary to achieve the test system supporting both FR2 and the frequencies between FR1 and FR2 (aka FR3) in one system.
Observation 3: Technical issues when considering the use of existing FR2 indirect far field (IFF) chamber in the new frequency band between FR1 and FR2 are as follows. 
Issue 1) For quality of quiet zone (QoQZ), when comparing reflectors of the same size, performance deteriorates as the test frequency decreases. (The impact of QZ degradation due to scattering at the reflector edges increases as frequency decreases.) Therefore, consideration of measurement uncertainty (MU) relaxation is necessary.
Issue 2) To maintain a constant phase within the QZ, the measurement antenna must be placed at the focal point of the IFF reflector. This requires a directional antenna with a wider bandwidth than the current measurement antenna used for the FR2. If such an antenna cannot be provided, multiple measurement antennas must be switched at the focal position, necessitating a more complex measurement system.
Issue 3) Generally, as the frequency decreases (wavelength increases), the amount of electromagnetic wave absorption by radio wave absorbers diminishes. Consequently, within existing chambers, the use of radio wave absorbers is expected to worsen QoQZ due to increased electromagnetic wave disturbance inside the chamber. Furthermore, if radio wave absorbers are made thicker to match the operating frequency, the effective area within the chamber becomes smaller, potentially requiring a larger chamber.
Observation 4: The relevance of those issues significantly increases in the case FR1 needs also to be covered in one OTA chamber.
Observation 5: FR1-NTN is defined as up to 14.5 GHz.
Proposal 2: Further clarification is necessary if the previous agreement of Issue 6-1-1 in WF [3(R4-2514820)] denotes sub-6GHz or it includes the frequency up to 14.5 GHz.
Observation 6: A larger OTA chamber and an installing area are required to cover both TN and NTN devices in FR1 and FR1-NTN. 
Observation 7: There might be a need to equip the chamber with the linear polarization antenna and the circular polarization antennae (LHCP and RHCP) if we try to cover both TN and NTN devices in one OTA chamber.

	R4-2521090
	Discussion on testability and OTA for 6GR
	Samsung
	Observation 1:	RAN usually has two kinds of testability and OTA work: core requirement dependant case (e.g., FR2 testability, NTN test at Ku Ka bands), and core requirement independent case (e.g., FR1 TRP TRS, MIMO OTA)
Proposal 1:	RAN4 6G testability and OTA study should focus more on test method for 6G core requirement dependent case, but requirement should not be discussed in this thread
Proposal 2:	For core requirement independent case, it is suggested to keep the scope as SISO OTA and MIMO OTA only.
Observation 2:	For the study on potentiality of improving traditional conducted test to OTA, coordination with core requirement threads seems necessary.
Observation 3:	If in 6G the MSD is the same as 5G, it is obviously not practical to test MSD for tens of thousands of band combinations with OTA.
Proposal 3:	testability for MSD should wait for outcome of UE RF core requirement thread.
Observation 4:	In some cases, both conducted and radiated test cases are required by regulation.
Proposal 4:	Regarding test case simplification with both conducted and radiated considered, further clarification is needed whether it means removing the requirement or skipping the test, if regulation allows.
Observation 5:	Requirements for multiple Tx/Rx are usually specified as conducted requirements. If changing it to OTA, it should be discussed in UR RF core threads.
Proposal 5:	Conformance testing of multiple Tx/Rx is subject to 6G core requirements definition (conducted vs radiated)
Proposal 6:	For OTA test in between FR1 and FR2, prioritize the test method study on TRP TRS before there would be radiated requirements conclusion from UE RF session.
Proposal 7:	Mobile phone should be considered as baseline product while trying to accommodate other popular mobile devices with the same test system.
Proposal 8:	If a single test system to cover all is not feasible, RAN4 should further discuss how to minimize the number of test systems to cover maximized applicability to devices/features/functionalities/etc.
Proposal 9:	the testability discussion of 6G AI/ML should be postponed until there is confirmed use case(s) in the AI thread.
Observation 6:	OTA testing with UE’s transmission antenna switching function enabled requires specific OTA chamber design (combined measurement antenna and link antenna) and some of existing OTA chamber (separate measurement antenna and link antenna) will not work.
Proposal 10:	RAN4 should be cautious on the selection of 2D or 3D channel model for MIMO OTA. A selection of 3D channel model could only be done with sufficient justification in terms of both cost and performance.
Proposal 11:	Phantom involved testing in MIMO OTA is not considered in 6G Day-1.


	R4-2521258
	Further views on 6G Testability and OTA
	Qualcomm Incorporated
	Proposal 1: RAN4 could further investigate the possible equivalence between radiated and conducted spurious emission requirements, taking into account factors such as the difference between e.r.p and conducted power at spurious frequencies, the dependence of antenna gain between carrier frequency and spurious frequencies, etc.
Observation 1: The OTA inlcuidng both SISO OTA and MIMO OTA requirements for 6G bands will not be defined in 6G Day 1 due to the absence of commercial devices. 
Propsoal 2: Study can be conducted in RAN4 to assess whether OTA requirement can be derived without measurement results or with partial measurement resluts. The initial investigation into reduced reliance on measurement campaigns could focus on UE types with more standardized antenna configurations, such as those incorporating glass structures.
Proposal 3: RAN4 to study the feasibility and testability of using RC as an alternative test method for FR2 TRP-based measurements. Further study is needed on whether RC can be applied to EIRP and EIS-based measurements.
Propsoal 4: RAN4 to study a harmonized test setup for TN and NTN FR1 devices, supporting both CP and LP to reflect real deployment scenarios.
Proposal 5: Consider implementing CP measurement antennas using LP combined with a 90° quadrature hybrid as the starting point. RAN4 should further investigate the feasibility of an automated switching solution among RHCP, LHCP, and LP.
Proposal 6: The the correspoding test method to verify the new AI/ML features such as reduced RX beam sweeping factor needs to be further studied in RAN4. 
Propsoal 7: 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 differnt channel conditions to check the genralization of AI/ML models.


	R4-2521570
	Further considerations on 6GR testability and OTA
	OPPO
	1. The device types and form factors for 6G are not converged to a limited scope at the current early stage of 6G, which may have varying impacts and requirements on OTA testing systems, methods and procedures.
Regarding the legacy OTA system setups, SISO OTA has the sphere quiet zone with diameter D=30cm, and MIMO OTA has cylinder test zone with diameter D=20cm and height H=20cm. Some types of devices can not be completely contained with the quiet zone / test zone.
A compatible OTA test system for both full sphere metrics and partial sphere metrics is not only necessary for the harmonization of TN and NTN, but also for different types of TN devices.
No additional hardware upgrade is introduced for the legacy SISO OTA chamber to support both full sphere scanning and partial sphere scanning.
The power loss due to polarization mismatch (linear polarization and circular polarization) mainly occurs in uplink communication.
For AI/ML, it is not necessary to perform end-to-end evaluation through OTA approach, even for FR2 frequency range.
1. Clearly identify the targeted form factors (e.g., size) of 6G terminals to be considered in OTA tests is the primary task at this moment.
1. The system complexity and cost should be studied for specifying the unified OTA chamber measurement antenna hardware that can meet both TN and NTN requirements.
Proposal 3: Consider the decoupling test method (signal acquisition and AI model performance) for AI BM test case.

	R4-2521764
	OTA and testability for 6G
	Nokia
	1. There are no conductive tests in the FR2 frequency range because physical connectors on the PCB can significantly impact RF radiation performance.
Observation 7: Conductive tests for multiple transmitters, such as 4Tx, are complex due to the need to connect multiple cables to the UE.
1. We propose considering OTA tests as the starting point for the 6G frequency range.
OTA test specification related to UL MIMO use cases has not been developed yet in 38.151.
TRP and MIMO OTA requirements for 2Tx/4Tx should be studied first.
New 6G UE category definition will be studied, addressing the development of an increasingly varied set of device categories. OTA test requirements and test methods should be correspondingly adjusted.  However, we can wait until those works are done in other parts of 3GPP.
Observation 8: The fixed size of the quiet zone in a physical chamber may make it difficult to accommodate different UE types with varying sizes..  
We propose consulting the TE vendor to determine whether the quiet zone can be made large enough to accommodate UEs of varying sizes.
Folded phones are in high demand in the market. CTIA has developed the OTS test specification for a folded phone based on the unfolded and folded states. However, there is no folded phone OTA test specification defined yet in 3GPP.
Refer to the CITA folded phone OTA test plan, study and develop a folded phone OTA test plan related to measurement setup, test procedure, and preliminary MU for 3GPP. 
Observation 9: High-power UEs may cause chip heating, MPE concerns, and coexistence issues. Well-controlled transmit power, using mechanisms such as MPR and duty cycle, is required, and these considerations need to be more carefully addressed than for non-high-power UEs.
Consider developing OTA test methods to properly address high-power UE transmit power requirements. This may include mechanisms such as MPR, duty cycle, power headroom reporting, and monitoring to control the UE’s maximum output power across different scenarios.
The OTA test methods developed for AIML mobility is for FR1 use case, and AIML BM is for FR2 use case. They can be leveraged as reference points for the continued development of OTA test methods for AI/ML use cases in future releases. 
New OTA test method proposals brought by companies to 3GPP should be regarded as opportunities for advancing and evolving the standard. There should be no struggle in handling them.
With TPs documenting pros and cons, baseline comparisons, and use cases to support clear decisions on future standards while recording the evolution of OTA testing.
Standardize the procedure of studying the new OTA test methods proposed in the 3GPP meetings. 
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.

	R4-2522030
	On UE 6G OTA Testability Aspects
	Keysight Technologies UK Ltd
	Proposal 1: Study the following test cases as suitable candidates to be verified OTA rather than conducted: MSD, CA, multi-Tx/Rx test cases
Proposal 2: Hold off transitioning the spurious emissions test cases from conducted to radiated given the regulatory nature of these test cases to avoid duplicate testing
Proposal 3: Study the transition of select conducted TCs to OTA to introduce realism
Proposal 4: Await concrete decisions in the OTA 6G Spectrum Agenda for the new frequency ranges between FR1 and FR2 as well as new device types for 6GR before studying either new or upgraded existing OTA test systems for the new 6GR frequencies.
Proposal 5: Feedback from RAN4 is requested which new device types shall be prioritized for 6G for OTA testing
Proposal 6: If some of the prioritized device types (from Proposal 5) are significantly larger than what existing conformance OTA test systems can readily support, RAN4 should consider testing the corresponding sub-assemblies/components with (ideally) the same OTA performance
Proposal 7: Introduce realism to MIMO OTA testing for 6GR by introducing 3D channel models
Proposal 8: Introduce realism to MIMO OTA testing for 6GR by focusing on testing with single-hand and potentially even dual-hand phantoms (following a liaison with CTIA)
Proposal 9: Focus MIMO OTA assessments in 6G for FR1 as well as the range between FR1 and FR2 on more realistic scenarios, namely dynamic MIMO OTA with dynamic channel models and link adaptation
Proposal 10: Operators/OEMs/chipset vendors to provide detailed information on the desired implementation details regarding Multi-TRP for MIMO OTA 
Proposal 11: 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.
Proposal 12: For 6G FR2 UE RF OTA testing, consider revisiting the need for beam peak searches to reduce MU and overall test time.


	R4-2522037
	Discussion on testability and OTA in 6G
	Ericsson Korea Partners Co Ltd
	Observation 1. The conducted MSD requirements do not capture real antenna mutual coupling, radiation leakage, housing effects, or user interaction, all of which contribute to real-world desensitization. Shifting MSD to OTA testing, these missing effects would be included, leading to results that better reflect end-to-end device performance. 
Proposal 1. RAN 4 to start working on method /methods for OTA testing of MSD as part of 6G SI.
Observation 2. The discussion about the preferred test method (conducted or OTA) should not be limited to the availability or not of connectors at a certain frequency but also to the projected number of antennas that can yield some impracticalities of adding to many connectors. 
Proposal 2. Expand the evaluation of preferred test methods (conducted vs. OTA) to include not only connector availability at specific frequencies but also the anticipated number of antennas.
Observation 3. Many types of devices are used with cellular networks, 6G will add more devices. Among all these device types, mobile phones are the most spread devices. 
Observation 4. In the past releases there has been a good progress on TRP/TRS OTA measurement of mobile devices. However, there are still very important issues, OTA measurement of MSD, dynamic MIMO OTA, OTA testing of AI/ML and so on, to handle before targeting new types of devices.
Proposal 3. RAN4 to focus on addressing key challenges such as MSD OTA measurement, dynamic MIMO OTA, and OTA testing of AI/ML features before expanding to new device categories.
Proposal 4. Study OTA testing for the added AI/ML functionalities with the appropriate channel models as Spatial Channel Model (SCM). 
Observation 5: AI/ML models can be over-trained/ overfitted, performing well in a specific test scenario but failing to generalize to real-world conditions.
Proposal 5: Implement diverse testing across multiple channel models, deployment scenarios, and Doppler shifts to ensure robustness and generalization of the AI/ML functionalities.



