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Introduction
This is ad-hoc meeting minutes for 6G testability and OTA, chaired by Ruixin Wang (vivo).
Topic #1: Improved testability of Conducted Requirements
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.

Ad-hoc discussion:
R&S: generally OK with the WF. Focus on testability in this agenda, identify the issues and discuss the test scope and leave requirements to other thread.
Keysight:the WF is OK. We can discuss test complexity and whether it is workable to go with conducted to OTA. But Whether it is suitable/finally to go from conducted to OTA belongs requirements discussion.
Qualcomm: skipping rule is conducted vs radiated or among radiated configurations?
Samsung: agree with R&S. what will the test direction for OTA MSD? 
Huawei: the testing is feasible, key issue is test burden. Skipping rule will be case by case
OPPO: agree with Huawei. Suggest to identify the benefits of this testing first. We can further study
Apple: agree with OPPO. Details of skipping rule can be further discussed.
CATT: we should evaluate the pros and cons of radiated MSD. More input from TE is needed. 
Xiaomi: RAN4 can study the pros and cons

Ad-hoc Agreements:
· Requirement definition of MSD will be decided in UE RF agenda
· In this thread, group focus on testability discussions, e.g., limitation of radiated MSD testing, pros and cons of radiated MSD performance, improvement of traditional conducted testing, and potential skipping rule to minimize the test burden.
· Before adopting OTA approach and/or skipping rule, feedback will be provided to UE RF group about the feasibility and test complexity.

Issue 1-1-2: Discussions on whether radiated and/or conducted spurious emission
· 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

Ad-hoc discussion:
Keysight: we do not have both conducted and radiated for FR1. There is radiated emission tested in FCC.
Qualcomm: 3GPP also specify radiated spurious emission in UE EMC spec. ETSI follows this. So we think there are both radiated and conducted in 3GPP that’s why we think skipping rule is helpful. The intention is not to change regulatory requirements.
R&S: Both conducted and radiated are regulatory test now in different regulatory parties. 
Nokia: For 6G maybe we can start with OTA first. We can compare the radiated and conducted for FR1. OTA is the reference of this requirement if both are available.
Samsung: regulation allows this skipping rule? If no, then RAN4 does not need to discuss this issue. 
Keysight: FCC can not skip conducted or radiated requirements, both are tested. There will be risk that  radiated spurious emission will be tested many times in different regulatory regions. Conducted testing can not verify the full performance of radiated spurious emission of UE. 
Qualcomm: we are trying to reduce the burden of OEM for this requirements. If equivalence is identified, this will be helpful.
KTL: 6G high frequency will be single requirement but for lower frequency, not clear. 

Ad-hoc Way Forward: RAN4 can further discuss and align understandings of conducted and radiated spurious emission requirements (3GPP and regulatory requirements) first. 


Issue 1-1-3: Potential general guidance on radiated methodology or conducted for FR1
· 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
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.

Moderator: this issue will be discussed in main session.

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 

Ad-hoc discussion:
Nokia: agree the WF that UE can support conductive connector can be one aspect to decide OTA. For a frequency, OTA should be reference, if the requirement of conducted and OTA are similar.
Huawei: we talk with some RF element providors, 15GHz will be feasible for connector of UE. 
OPPO: same understanding of Huawei. 15 GHz is OK to test conducted with connector. For handheld, even 6G the number of antenna ports may not be so large.
Keysight: connector for higher 15GHz is there, but it is feasible for conducted testing is another thing. Connector is the only acpect to decide conducted or radiated? We think even connector is feasible, there will also chance to select OTA. But if there is no connector, then 100% go to OTA.
Qualcomm: connector is not only testability issue. This is just one of aspets for consideration.
Samsung: we do not prefer UE requirements similar to BS, both conducted and radiated for a specific frequency range. 

Moderator: RAN4 can further study and discuss. 

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.  
Ad-hoc discussion:
R&S: this is only for OTA system discussion?
Nokia: we suggest to wait the outcome of above issues.
Keysight: new device type, cutoff frequency, many unknowns now. we would like to do comprehensive study after above aspects are more clear to us. 

Moderator: further discussion is needed. 


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. 
