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Introduction
This is ad-hoc minutes for Rel-18 FR1 TRP TRS WI discussion, chaired by Ruixin Wang (vivo).
Topic #1: Test methodology
Sub-topic 1-1 Single-layer UL-MIMO TRP test method
Moderator: the baseline test method for non-coherent UE supporting fullpowerMode1 has been agreed in WF:
Issue 1-2-1: Test method for non-coherent UE support fullpowerMode1 just single TPMI index 2 
· Agreements
· Single TPMI index =2 used for testing 
· Using Fixed TPMI index =2 as baseline configuration if TRP requirements introduced in Rel-18 
· RAN4 shall further study and discuss another test metric with swept TPMI indexes for testing and captured into TR 
· Test applicable rules can be further discussed

Issue 1-1-1: alternative Test method for non-coherent UE supporting fullpowerMode1
· Proposals
· Proposal 1: For non-coherent UL MIMO RAN4 should define the alternative UL MIMO TRP metric as the surface integral of measured EIRP, given TPMI is swept over indeces {0,1,2}, and EIRP is selected as the maximum at each test point (Option 1c from RAN4 #107). (Apple)
· Proposal 2: For non-coherent UE supporting fullpowerMode1, TPMI index 0, 1 and 2 should be all swept for the swept TPMI approach. (Samsung)
· Proposal 3: RAN4 discuss whether TPMI#0 and TPMI#1 should be included in the test method for non-coherent UE with full power mode-1 if TxD capability is indicated. (Google)
· Proposal 4: If there is no proper solution for phase variant impact in AC, a test mode for adding two antennas TRP separately should be considered. (Qualcomm)
· Recommended WF
· TPMI#0 and TPMI#1 only support 1 antenna transmission
· Whether above two index should be in alternative swept TPMI method, consider it together with Issue 1-1-2. Same approach is needed.

Discussions:
Google: TxD configuration after TPMI index 0 or 1? 
Apple: for the baseline method, the phase impacts analysed in QC paper should be further discussed. For alt test method, we have to test all TPMI index, 

Moderator: the two options for coherent UE have been agreed in WF:
Issue 1-2-2: For fully Coherent UE support multiple TPMI index 2~5  
· Proposals
· Option 1: measure TRP under each TPMI, and then average TRPs as final performance metric. FFS TPMI index: TPMI 2~5 or 2&3 or 4&5;
· Option 2: measure and record best EIRP at each test point (swept over all applicable TPMIs at each measurement grid), and then integrate all the measured best EIRPs into a TRP-like performance metric. TPMI index 2~5; 

· Agreements
· Further discuss option 1 and option 2
· New definition/term on test metric required for option 2 need to be further discussed 

[bookmark: _Hlk147855329]Issue 1-1-2: Test Methods for fully Coherent UE support multiple TPMI index 2~5  
· Proposals
· Option 1 (averaging TRPs): baseline method for testing and requirements [CAICT, vivo, OPPO: prefer index 2&3 or 4&5] [Xiaomi: only this option] [Qualcomm] [Google: index 2~5]
· Option 2 (new metric with Max EIRPs): [Apple] [Samsung preferred]
· New Option 3 (Test mode): If there is no proper solution for phase variant impact in AC, a test mode for adding two antennas TRP separately should be considered. [Qualcomm]
· Recommended WF
· Option 1 for Rel-18 TRP baseline method and future requirements
· Option 2 as informative method for further study (FFS whether adding TPMI#0 and TPMI#1)
Discussion:
Apple: we can not define 2Tx requirements in Rel-18. O1 is not reasonable for us. We should compare the performance of coherent and non-coherent UEs. We should focus on O2 discussion. Not clear about O3 for coherent UE. 
Qualcomm: the simulation in our paper is based on coherent UE, the phase variation has impact on radiated power. The test mode has been discussed for a long term, it is easy way for 2Tx testing, for both coherent or non-coherent UEs. For UL-MIMO and TxD, we should adopt a similar approach to define requirements. If the phase issue can not be finally resolved, then RAN4 should go back to test mode. 
Samsung: we have concerns on test time of O1. The measurement grid for O2 can be less, based on our analysis. O3 can be back up solution. 
CAICT: support moderator’s WF. Subset of TPMI can be selected for O1 to reduce testing time without impacts on measurement results. We can not confirm UE could work under best TPMI condition, as O2 described. This can be discussed in Rel-19. 
Apple: physical meaning of O1 is not clear to us. When the UE is configured with one TPMI, not meaningful to test the TRP under single TPMI condition. O2 is configured by BS, not UE. 
Huawei: the WI is targeted for TRP. If we adopt O2, the WID should be updated.
VDF: support O2. 
TIM: O2 is preferred. 
R&S: the test method is common for O1 and O2. Difference is just data processing. Capture the O2 in the TR, and decide the final data processing later. O2 is preferred, but we suggest to capture both.
Keysight: we can not define requirements in this release. capture two approaches, one is for TRP, one is for new spherical coverage.
Qualcomm: we are OK to capture both O1 and O2. Final decision in future release. 
Apple: they are not different metric. O3 is not helpful 
Qualcomm: if the EIRP changes, then the average is not TRP. Suggest also capture O3 into TR. If phase issue can not be resolved, then we can select O3. O3 capture the antenna efficiency of UE 
R&S: O3 is a back-up plan, but no enhancement for TRP testing. We prefer to define new test method for new UE feature.

Recommended Agreements: 
Capture common test procedure of O1 and O2 into TR, final measured EIRPs processing can be further decided. The performance metric for each approach should also be further discussed.
Test mode may be captured in the TR which can be considered as one test method, if the phase variation issue can not be resolved in O1 and O2. 

Issue 1-1-3: Performance metric definition for Option 2 methodology  
· Proposals
· Option 1: TP to TR38.870 on MIMO radiated output power metric (Apple)
· Option 2: define a new TRP variant e.g. envelop TRP for swept TPMI approach to avoid confusion to TRP definition. (Samsung)
· Option 3: TRP-like performance metric for full coherent UE TRP requirement can be considered as an enhancement work item in the future. (Google)
· Option 4: Postpone coherent UL MIMO discussion to Release 19. [Huawei]
· Recommended WF
· O3&O4, detailed new performance metric for full coherent UE can be discussed in Rel-19.



Issue 1-1-4: industry impact of Option 2 methodology  
· Proposals
· Proposal 1: Industry to discuss the applicability of multi-TPMI based test methods/metrics (Option 2 in particular) to other EIRP/TRP test cases. (Keysight)
· Proposal 2: Match the requirements definition with the test methodology, e.g., define requirements and perform testing based on Option 1 or Option 2 and do not allow the requirements to be defined based on Option1 while allowing testing to be performed based on Option 2. (Keysight)
· Proposal 3: Take the pros and cons for Options 1 and 2 in Table 3 into account. (Keysight)
· Recommended WF
· follow the general agreements in Issue 1-1-2 

Issue 1-1-5: Testing time consideration for fully Coherent UE  
· Proposals
· Proposal 1: The selection of TPMI Indexes during EIRP test does not implicate in significant overall test time increase, switching between TPMI indexes during non-coherent and full-coherent UEs needs to be considered as a feasible test alternative by RAN4 consolidating a best alternative to evaluate UEs radiated performance on quasi-realistic test environment. (Apple)
· Proposal 2: The evaluation of test time increase with TPMI 2~5 should be conducted not only by simulation approach, but also by measurement approach. (OPPO)
· Recommended WF
· Testing time of real measurements performed by TPMI 2~5 should be considered. Encourage companies to share results of total measurement time
Discussions:
Apple: we provide testing time analysis. If O2 is agreed into TR, the testing time analysis should also be added. 
Ad-hoc Chair: further check whether O1 can be simplified (2 TPMI index) considering testing time. Testing time analysis can be captured in TR with corresponding test method, if agreed.

Issue 1-1-6: phase variation for single-layer UL-MIMO 
· Proposals
· Proposal 1: Do not consider a test mode to optimize TRP/minimize the TRP impact of phase variation given the rather complex UE HW implications, UE synchronization with test system, and massive test time increase. [Keyishgt]
· Proposal 2: RAN4 should decide the 2Tx TRP test method for single-layer UL-MIMO and TxD taking into phase variant impact account. (Qualcomm)
· Recommended WF
·  phase variation is a general issue for all 2Tx test cases, no matter TxD, Option 1 (averaging TRPs) and Option 2 (new metric with Max EIRPs).
· Further study the TRP results impacts based on simulation and real measurements in Rel-19. The impact should also be considered when developing 2Tx TRP requirements in future.

Discussions:
Apple: we provide simulation of phase impact on coherent UE, phase issue is minimum for O2.
Keysight: we also have simulation results, can not agree phase issue is min for O2. 
QC: in real measurement, the phase variation is different from that assumed in Apple’s paper. 
Apple: Each EIRP can be measured within 20ms under single TPMI configuration. 
Huawei: the delay should also be considered. The optimized TPMI might change during testing time. 

Agreements:
· phase variation is a general issue for all 2Tx test cases, no matter TxD, Option 1 (averaging TRPs) and Option 2 (new metric with Max EIRPs).
· Further study the TRP results impacts based on simulation and real measurements in Rel-19. The impact should also be considered when developing 2Tx TRP requirements in future.

Issue 1-1-7: Measurement grid analysis for UL-MIMO  
· Proposals
· Proposal 1: Leave the TRP measurement grid investigations including MU to RAN5. (Keysight)
· Proposal 2: If requirements for single-layer UL MIMO are defined based on measurement campaigns, use the legacy Dq=Df=15° measurement grids. (Keysight)
· Recommended WF
· The measurement grids analysis and preliminary MU assessment is part of OTA test method, better to study in RAN4. 
· Final grids and corresponding MU value for 2Tx conformance testing can be decided in RAN5.

Sub-topic 1-2 TxD test method
Issue 1-2-1: TP for TxD test procedure
· Proposals
· Proposal 1: review and adopt the TP in R4-2315840 for TxD. 
· Recommended WF
· check and update

Moderator: agreed in WF:
Issue 1-3-1: 2Tx-based TxD test procedure (first priority) 
· Agreements
· The basic test method for TxD with all the active antennas ON
· Not preclude to consider additional approach with UE-specific configuration 
· Based on vendors declaration to address the phase issue between antennas
· Clarification of UE behavior this UE-specific configuration would trigger and how it can address the phase-dependent destructive superposition of TxD signals to be discussed by RAN4

Issue 1-2-2: RAN4 study on UE performance fluctuation of 2Tx-based TxD
· Proposals
· Proposal 1: RAN4 should determine how to resolve the destructive superposition problem associated with testing radiated output power of TxD UEs before making any further conclusions related to the TxD radiated output power method.  If this issue cannot be resolved, then the radiated output power requirement for TxD UEs might not be a feasible requirement to define. (Apple)
· Proposal 2: RAN4 should not consider the utilization of test commands to mitigate 2Tx based TxD phase drift, since HW/SW requirements are not mandatory or present in all UEs. (Apple)
· Proposal 3: The specific configuration (test mode) includes disabling transmit antenna switching, sustaining 2TX simultaneously, and lock the phase relationship among active antennas. (Samsung)
· Proposal 4: capture in specification that “testing TRP of TxD UE directly without specific configuration (test mode) may lead to much worse measurement results than its real performance” . (Samsung)
· Proposal 5: Additional measurement uncertainty/test tolerances or statistical measurement for TRP can be considered for TxD TRP requirement. (Google)
· Proposal 6: If there is no proper solution for phase variant impact in AC, a test mode for adding two antennas TRP separately should be considered. (Qualcomm)
· Recommended WF
· Adding a statement in TR, based on update of P4
· Study MU impact based on update of P5
· Further study specific configuration declared by UE vendors mentioned by other proposals

Issue 1-2-3: alternative TxD test procedure for 1Tx-based TxD measurement (low priority) 
· Proposals
· Proposal 1: RAN4 should consider defining TRP for TxD devices based on measurements of TRP per antenna and summed up as a post-processing steps. A new test mode may be necessary to achieve this. (Apple)
· Proposal 2: If there is no proper solution for phase variant impact in AC, a test mode for adding two antennas TRP separately should be considered. (Qualcomm)
· Recommended WF
· Focus on 2Tx TxD test method discussion in Rel-18.

Sub-topic 1-3 CA test method
Issue 1-3-1: CA test parameters 
· Proposals
· Proposal 1: use CA configurations in TS 38.521-1 regardless of MPR=0 or not as non-zero MPR reflects field conditions. (Huawei)
· Recommended WF
· TBA

Issue 1-3-2: CA test case scope 
· Proposals
· Proposal 1: include dual Tx configurations in CA tests. limit the scope of CA tests to two UL and two DL CA combinations. (Huawei)
· Recommended WF
· P1 is aligned with WID

Issue 1-3-3: CA test procedure 
· Proposals
· Proposal 1: Review and endorse the CA test procedure in Appendix of R4-2311056. (Huawei)
· Recommended WF
· check and update

Discussions:
Apple: too early to discuss test procedure. 
R&S: CA configuration has performance impact. Prefer to capture CA test method in TR
Huawei: some operators show interests on CA OTA test method 

Issue 1-3-4: CA band combinations 
· Proposals
· Proposal 1: Operators feedback on whether CA combination with MSD issue should also be considered in Rel-18 is needed. (vivo)
· Recommended WF
· collect companies’ feedback

Issue 1-3-5: WID CA scope handling 
· Proposals
· Proposal 1: It is proposed to no longer consider CA TRP/TRS test methodology proposals in Rel-18. (Apple)
· Proposal 2: Capture basic CA test method into TR. (Huawei, vivo)
· Recommended WF
· P2 should be agreed as a starting point. Further study radiated MSD issue in Rel-19.
Sub-topic 1-4 RC test method
Issue 1-4-1: RC test method for 2Tx test cases 
· Proposals
· Proposal 1: For TRP test method of the singe-layer UL MIMO (including cohere UE and Non-coherent/partial-coherent UE) and TxD, RC could be used. If there is no proper solution for phase variant impact in AC, a test mode for adding two antennas TRP separately should be considered. (Qualcomm)
· Recommended WF
· 2Tx test method should also be studied in RC test system. 1Tx harmonization is on-going, this could be Rel-19 scope.

Discussions: 
MVG: we can not go with this way. We do not know whether RC can resolve phase issue for 2Tx  
R&S: the phase issue may also happen in RC system. We can consider RC method, but it is not a solution for phase issue 
Apple: the phase issue is UE side, not test method. RC can not resolve. The test environment can not change the issue from UE
Keysight: what is the technical justification of RC for 2Tx phase issue?
QC: the uniform power and delay in RC may reduce phase impacts on radiated power 
ETS-L: more samples should be tested in RC, single test can not be useful
QC: two aspects of phase, different phase of TPMI index. Another is the phase fluctuation which can not be known to TE side. 
Samsung: the RC test method for 2Tx is helpful. Suggest further study


