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Introduction
This ad-hoc meeting minutes covers the discussions of 6G testability and OTA.
Topic #1: Radiated performance metric
Open issues summary
Sub-topic 1-1 General performance metric for RF/RRM/Demod
Issue 1-1-1: feasibility of radiated/conducted performance metric for UE    
· Proposals
· Proposal 1: Devices operating at frequencies below 10GHz can utilize RF connectors for conductive testing (OPPO)
· It is proposed to apply conductive testing for devices operating at frequencies below 10GHz
· Proposal 2: For the testability around 7GHz, FR1 conduction test should be used as the baseline (CMCC)
· Proposal 3: It is proposed that 10GHz be designated as the lower frequency limitation for supporting antenna beamforming in OTA testing. (CMCC)
· Proposal 4: use conducted tests for frequencies at or below 15GHz and radiated tests for frequencies above 15GHz. (Huawei)
· Proposal 5: RAN4 to apply the conducted testing for both UE RF conformance and RRM/Demod tests for the frequencies up to at least 8.4GHz. (Xiaomi)
· Proposal 6: RAN4 to apply the OTA testing for both UE RF conformance and RRM/Demod tests for the frequencies above approximately 15GHz. (Xiaomi)
· RAN4 to further study the applicability of conducted, OTA, or hybrid tests for the frequencies between approximately 8.4GHz and 15GHz.
· Recommended WF
· Confirm 8.4/10GHz as conducted feasible for UE. 
· Confirm above 15GHz as radiated only for UE. 
· For the frequency between the range, FFS.

Sub-topic 1-2 Radiated performance metric for single-layer Tx/Rx
Issue 1-2-1: Performance metric for single-layer Tx (with multi-antenna or multi-Tx chain)   
· Proposals 
· Proposal 1: In 6G, the study of TxD radiated performance metric should be considered as high priority. (CATT)
· Proposal 2: The radiated performance metric should be comprehensively studied to better quantify the uplink performance of handheld UEs. Transmit‑switching behavior in the uplink, including Tx‑chain switching, dynamic TPMI configuration, and sensor‑based antenna switching, should be considered as the baseline for 6G radiated performance evaluation (single‑carrier operation) (vivo)
· Proposal 3: Any proposed alternative radiated performance metric should be highly representative of the device usage mode in the field. (E///)
· Proposal 4: 6G OTA performance metric for multi-Tx UE can follow similar category based on UE capability, e.g. coherent UE, non-coherent UE, etc, according to the conclusion of RAN1. (OPPO)
· Proposal 5: RAN4 should further investigate the introduction of EIRP‑ or EIS‑based performance metrics to verify radiated performance for multi‑Tx operation in 6G. (Qualcomm)
· Proposal 6: TRP and MIMO OTA requirements for 2Tx/4Tx should be studied first (Nokia).
· Proposal 7: RAN4 to study the test methodology to ensure the repeatability and reliability of measurements with active UE Tx antenna switching for OTA 6GR testing. Also identify the representative antenna switching trigger scenarios for 6G UE, including the impact of on-device sensors during OTA measurements. (Apple)
· Recommended WF
· The performance metric for TxD and UL-MIMO with multi-Tx can follow similar category based on UE capability, it should be studied in 6G day-1. 
· Alternative radiated performance metric should be highly representative of the device usage mode in the field. 
· further investigate the introduction of EIRP‑ or EIS‑based performance metrics to verify radiated performance for multi‑Tx operation
ad-hoc discussion:
E///: for FR1 not sure whether beam-related metric can be used for 6G UE. 
Apple: need to confirm Txd could be 2nd priority?
Samsung: fine with Txd and UL MIMO. We should clearly mention this is for single layer case of radiated performance. Beam-related metric may not be adopted for FR1. 
E///: we are considering new performance metric, on top of TRP/TRS. Whether same device meet different metric is FFS. 
Qualcomm: we do not need to limit the performance metric to TRP/TRS for multi-Tx case. Beam-related should not be precluded.
Keysight: we should keep the door open for alternative metrics rather than TRP/TRS. Why we need EIS
Apple: difficult to understand the device usage mode in the filed

WF:
· The performance metric for single-layer TxD and UL-MIMO with multi-Tx can follow similar category based on UE capability, it should be studied in 6G day-1. UL-MIMO mode can be first priority.
· [Potential radiated performance metric (e.g., TRP, partial radiate power, CDF, EIRP‑based) if agreed, should be highly representative of the device usage mode in the field. ]
· further investigate the introduction of EIRP‑based performance metrics to verify radiated performance for multi‑Tx operation
· FFS whether same UE should meet different kind of performance metric

Issue 1-2-2: Performance metric for single-layer Tx (with single-antenna or single-Tx chain)   
· Proposals 
· Proposal 1: Non-coherent UE not supporting fullpowerMode1 and  UE with antenna switch can specify 1Tx performance metric. (OPPO)
· Proposal 2: For device types with conductive RF core requirements, RAN4 to reuse TRP TRS performance metric for single layer OTA i.e. SISO OTA and to adopt throughput based performance metric (rather than power/sensitivity) for multiple layer OTA i.e. MIMO OTA. (Samsung)
· Proposal 3: In order to make the TAS OTA testing more compatible and robust than directly testing TAS, an indirect TAS testing can be a candidate, i.e., testing each Tx antenna separately and then take the envelop pattern of the two Tx antennas as the TRP for TAS ON (aligned with the envelope TRP metric designed for single layer UL MIMO) (Samsung)
· Proposal 4: in light of observation 4, do not pursue TRP measurement with Tx switching enabled as it is likely to increase TRP measurement uncertainty. (Huawei)
· Proposal 5: The enhancement of SISO OTA testing should be studied under a controlled manner by introducing limited dynamic conditions such as Tx antenna switching and a small set of representative usage scenarios, while keeping the test implementation-agnostic. (Xiaomi)
· Proposal 6: For the Tx antenna switching test, improvements to the existing anechoic chamber test method are required, while cost issues shall also be taken into account. (CMCC)
· Recommended WF
· For the Tx antenna switching test, improvements to the existing anechoic chamber test method （e.g., harmonization of link antenna architecture）are required
· [discuss the possibility of an indirect TAS testing, which is similar to UL-MIMO discussion that a post-processing of data to generate the max envlop is needed.]
· Only 1Tx at any time is assumed for TAS OTA basic condition for discussion. FFS TAS + TxD/UL-MIMO condition.
Ad-hoc discussion:
Samsung: for single-layer single antenna without TAS, TRP should be baseline. Then we discuss how to handle TAS. If we test TAS in AC, current system should be upgraded. We need to consider other solution with less impacts on system changes.
Apple: agree with Samsung, the link antenna may have impacts to TAS. Those should be studied before adopting TAS approach. 
Huawei: if we fix link antenna, then the MU will increase. 
Keysight: different link antenna will result different antenna switching behaviour. This is no MU element for link antenna, using measurement antenna as link antenna is simple 
OPPO: the TPMI are configured. But for TAS, this is not configured by gNB. 
Samsung: in 5G, we lock single Tx antenna. Follow similar approach, we can measure all Tx performance one by one, then do the data processing
Apple: the testing time will be an issue. 
Qualcomm: how can we ensure 1Tx is operation, there would be a case of 2Tx switching among 4Tx 

WF: 
· RAN4 further study performance metric for UE support Tx antenna switching, the following aspects may be considered
· Potential improvements to the existing anechoic chamber test method （e.g., harmonization of link antenna architecture）with minimum efforts are required
· the possibility of separate EIRP scan testing per-antenna to achive indirect Tx antenna switching, which is similar to UL-MIMO discussion that a post-processing of data to generate the max envlop is needed.
· Only 1Tx at any time is assumed for Tx antenna switching OTA basic condition for discussion. 

Issue 1-2-3: Beam-related Tx Performance metric for 6G UE   
· Proposals 
· Proposal 1: Future radiated performance metrics clearly indicate whether they are instantaneous (beam-specific) or effective (beam-averaged). (E///)
· Recommended WF
· TBA

Issue 1-2-4: Power class related Performance metric for 6G UE   
· Proposals 
· Proposal 1: Study the OTA test methodologies for high power class for FR1 UEs. And only performance related with the highest supported power class need to be verified. (CATT)
· Recommended WF
· TBA

Sub-topic 1-3 Radiated performance metric for multi-layer Rx
Issue 1-3-1: Performance metric for DL MIMO OTA FR1+new 6G frequencies   
· Proposals 
· Proposal 1: Dynamic MIMO OTA should be considered for 6G UE DL MIMO OTA testing. A corresponding performance metric must be comprehensively studied to accurately quantify realistic UE performance. (vivo)
· Proposal 2: For device types with conductive RF core requirements, RAN4 to reuse TRP TRS performance metric for single layer OTA i.e. SISO OTA and to adopt throughput based performance metric (rather than power/sensitivity) for multiple layer OTA i.e. MIMO OTA. (Samsung).
· Proposal 3: Take the advantages of the dynamic MIMO OTA approach in Table 2 into account in the discussion “whether dynamic MIMO OTA could be considered as higher priority than static” (Keysight)
· [bookmark: _Ref220340911]Table 2: Advantages of Dynamic over Static MIMO OTA Testing
	Dynamic MIMO OTA Aspect
	Pro

	Realism
	Dynamic nature of CMs reflects use case in the field
Link adaptation corresponds to real-world performance as fixed RMCs are not typical in real life where networks make the BSs and UEs dynamically adapt RMCs based on the network conditions and UE reporting
The synthesized route emulates the multipath effect with fast fading which is present as well as smooth changes of the propagation angles, polarizations, and delays, and transitions between Line of Sight (LOS) and Non-Line of Sight (NLOS) conditions
The synthesized route(s) can be extracted from virtual drive tests of actual drive test routes

	Test Time
	While the static MIMO OTA testing requires sensitivity searches for each test point (device rotation * test condition), the dynamic MIMO OTA testing requires the logging of TP over the fixed route for each test condition. Effectively, this results in improved test time. 

	Metrics/Performance Assessment
	The logging of TP over the dynamic MIMO route allows the assessment of various TP metrics, e.g., different outage levels of the TP’s CDF which yields performance assessments of the DUT in low, mid, and high TP regions. The static MIMO OTA approach yields the sensitivity for a single outage level of TP only and thus limits the ability to properly assess performance.



· Proposal 4: Dynamic test methodologies in MIMO OTA testing should be supported in 6G day1. (CMCC)
· The priority of the frequency around 7 GHz shall be enhanced
· Recommended WF
· Consider dynamic MIMO OTA as baseline for MIMO OTA performance metric

WF: Consider dynamic MIMO OTA as baseline for DL MIMO OTA performance metric study
· prioritize frequency around 7 GHz for channel model discussion 
	

Issue 1-3-2: Multi-TRP for DL MIMO OTA   
· Proposals 
· Proposal 1: Operators/OEMs/chipset vendors to provide detailed information on the desired implementation details regarding Multi-TRP for MIMO OTA. (Keysight)
· Recommended WF
· More discussions


Sub-topic 1-4 Radiated performance metric for NTN devices
Issue 1-4-1: Radiated Performance metric for FR1 NTN    
· Proposals  
· Proposal 1: RAN4 should consider defining a harmonized radiated performance metric for UEs that support both TN and NTN services. (vivo)
· Proposal 2: Given NTN voice call will be widely supported and thus both talk mode and browsing mode are expected to be much more popular in 6G than that in 5G, the performance metric can also evolve to adopt full sphere TRP TRS metric for all 6G NTN handheld devices. (Samsung)
· Proposal 3: It is recommended to take the agreed-upon metrics of 5G-A as starting point for studying and specifying 6G NTN OTA performance metrics. (OPPO)
· Proposal 4: When a NTN terminal supports both arbitrary and specific orientation usage scenarios, full sphere performance metrics should be prioritized. (OPPO)
· Proposal 5: Introduce new performance metrics, such as EIRP/EIS‑based metrics, for 6G NTN UE OTA testing. (Qualcomm)
· Proposal 6: For FR1 NTN bands in 6G, RAN4 consider evaluating the pros and cons to adopt radiated performance metric as primary metric. (CATT)
· Recommended WF
· Target harmonized performance metric for TN and NTN if no critical issue identified
· New performance metrics, such as EIRP/EIS‑based metrics, for 6G NTN , can be further discussed
· FFS radiated performance metric could be primary metric for NTN


Issue 1-4-2: LP/CP assumption for Performance metric of FR1 NTN device   
· Proposals  
· Proposal 1: CP should be supported for 6G NTN UE OTA testing to ensure that measurements represent real NTN deployment performance. (Qualcomm)
· Recommended WF
· consider the harmonization of TN and NTN, further discuss whether future 6G UE will adopt CP antenna.
· For the satalite side, further discuss whether CP is the baseline. 
· If confirmed, then the UE Tx/Rx performance metric should be specified based on CP antenna assumption.  
· However, regarding the testing system, whether LP and/or CP should be further discussed.

Issue 1-4-3: Performance metric for FR2 NTN    
· Proposals  
· Proposal 1: For FR2 NTN bands in 6G, adopt partial radiated metrics in place of total radiated metric. (CATT)
· Recommended WF
· FFS

