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1. Introduction
2Tx UL-MIMO TRP and TxD TRP test methods have been discussed for a long term, but not much progress in RAN4. It was agreed that this topic should be concluded in August RAN4 meeting [1]. 
To ensure companies aligned understanding on 2Tx OTA test method discussion, we would like to review the background/previous agreements. In the first meeting of the WI, RAN4#104bis-e, the following agreements related to UL-MIMO and TxD have been made [2]:
Issue 2-1-2: Scope for single-layer UL MIMO TRP testing
Agreements:
· Proposal 1: The overall goal is to enable single-layer UL MIMO TRP for all UEs supporting coherent UE and non-coherent UE capabilities. Test configurations may/may not be the same, FFS.
· Proposal 2: RAN4 further discuss whether UEs with at least one full power PA are in scope or not. Also consider different power classes e.g. PC2 with 26+26 or 26+23.
Issue 2-1-3: Basic assumption for TPMI-based TRP testing
Agreements:
· Proposal 1: TPMI-based TRP measurement (if adopted) can be performed with two antennas transmitting together as 1st priority. Phase impact should be studied.
· Proposal 2: Whether TPMI-based TRP measurement can be performed with individual antenna separately, is FFS.
Issue 2-1-4: Whether TPMI 0~1 should be considered for single-layer UL MIMO TRP testing
Agreements:
· Consider to not adopting TPMI indexes 0 and 1 individually, since these single port antenna schemes are less relevant to 2Tx TRP.
Issue 2-1-5: Proper fixed TPMI index for single-layer UL MIMO TRP testing
Agreements:
·  Whether a single TPMI index can be used to measure TRP in UL MIMO is FFS
Issue 2-1-6: Dynamic TPMI selection for TRP testing
Agreements: 
· FFS whether define a methodology to optimize EIRP based on TPMI selection
Issue 2-1-7: 2Tx test method applicability (TRP)
Agreements: 
· Applicability of TPMI-based TRP testing (if adopted) should be defined.
Issue 2-1-8: TRP and TRS test configurations for UE configured with 2Tx
Agreements: 
· RAN4 should further study whether TRP and TRS test methods and requirements should be defined based on the same set of configurations, i.e., 1Tx TRP and TRS, 2Tx TRP and TRS. FFS applicability of test methods and requirements



In RAN4#105 meeting, the following agreements for UL-MIMO TRP and TxD [3]: 
Issue 1-1-1: Power Class 1.5, general aspect for UL-MIMO and TxD UE capability 
Agreement: 
· For PC1.5 UE, if UE supports both single layer UL-MIMO mode 1 and TxD, then only test UE under one mode. 
Issue 1-1-2: Power Class 2, general aspect for UL-MIMO and TxD UE capability 
Agreement:
· For UE with at least 1 full power PA of 26dBm, then UE shall be verified under 1Tx case only. 
· For UE which support single layer UL-MIMO and/or Tx diversity without full power PA of 26dBm, then UE shall be verified with test method for 2Tx under manufacture declaration. 
Issue 1-1-3: General testing procedure for 2Tx TRP test 
Agreements:
· Enable 2Tx antenna active simultaneously for 2Tx testing as 1st priority.
· Sequential 1Tx test and then sum up with FFS data processing approach can be further studied as 2nd priority.
Issue 1-1-4: UL modulation parameter for single-layer UL-MIMO and TxD TRP test 
Agreements:
· Adopt DFT-s-OFDM QPSK for 2Tx TRP testing, i.e., DFT-s-OFDM QPSK. 
Issue 1-1-5: Proper TPMI-index for UL-MIMO TRP test 
Agreements:
· RAN4 can further study the TPMI index for single-layer UL MIMO TRP testing. 
· TPMI index selection and single TPMI index approaches can be considered
· Dynamic TPMI-index is not precluded.
Issue 1-1-6: Other aspects for UL-MIMO TRP test 
Agreements:
· FFS whether UL MIMO capable devices needs to follow different TRP requirements for coherent and non-coherent implementations. 
· RAN4 can further study the phase difference variation of single-layer UL MIMO TRP test.
· Companies are encouraged to bring data-based study to define the impact of TPMI index selection on the measurement uncertainty and lab repeatability
· Companies are encouraged to bring data-based study to define the impact of single TPMI on the TRP measurement, including the metric’s efficacy

Issue 1-1-7: Test method for TxD 
Agreements:
· Send the LS in R4-2220266 to RAN5 on seeking more information on TxD configuration.

Issue 1-1-8: other aspects for 2Tx 
Agreements:
· FFS whether the MU contribution of 2Tx with different phase variation range should be considered. 


In RAN4#106 meeting, the following agreements for 2Tx test methods [4]:
Issue 1-1-1: Proper TPMI-index for UL-MIMO TRP test 
Agreement: 
· FFS whether dynamic TPMI approach can be considered for RAN4 TRP requirements introduction, further discuss the details on dynamic TPMI approach. 
Issue 1-1-4: Test method for TxD 
Agreements:
· Stick to previous agreement as following:
· Enable 2Tx antenna active simultaneously for 2Tx testing as 1st priority.
· Sequential 1Tx test and then sum up with FFS data processing approach can be further studied as 2nd priority.
Issue 1-1-7: General performance metric for UL-MIMO radiated output power test (new item based on offline feedback)

Agreement: 
· For the UL MIMO radiated output power requirement, RAN4 to further discuss the following metrics:
· Option 1: Surface integral of measured EIRP, given fixed TPMI = 2 (NOTE: this metric is TRP-like if normalized by the radiated power of an ideal isotropic radiator)
· Option 2: Surface integral of measured EIRP, given TPMI is swept over all applicable TPMI according to the UE capability, and EIRP is selected as the maximum
· Option 3: Surface integral of measured EIRP for each TPMI swept over all applicable TPMI according to the UE capability to obtain TRP-like metric for each TPMI and then average the TRP-like metrics
· Option 4: Spherical coverage CDF of measured EIRP, given TPMI is swept over all applicable TPMI according to the UE capability, and EIRP is selected as the maximum
· Other options are not precluded 



In RAN4#106bie-e meeting, the following agreements for 2Tx OTA test methods [5]:
Issue 2-1: Over-The-Air TRP and TRS definition
Agreements: 
· RAN4 should conclude this issue no later than RAN4#108.
Issue 2-2-1: TPMI-index configuration for singe-layer UL-MIMO TRP OTA test 
Proposals:
· Option 1: Surface integral of measured EIRP, given fixed TPMI = 2 (NOTE: this metric is TRP-like if normalized by the radiated power of an ideal isotropic radiator) 
· Option 2: Surface integral of measured EIRP, given TPMI is swept over all applicable TPMI according to the UE capability, and EIRP is selected as the maximum.
· Option 3: Surface integral of measured EIRP for each TPMI swept over all applicable TPMI according to the UE capability to obtain TRP-like metric for each TPMI and then average the TRP-like metrics. 
· Option 3a: Define TRP for one-layer UL MIMO with TPMI 2-5 as the average of two TRP values with TPMI 2 and 3, or 4 and 5. 
· Option 4: Spherical coverage CDF of measured EIRP, given TPMI is swept over all applicable TPMI according to the UE capability, and EIRP is selected as the maximum. 
Agreements:
· Down-selection of above option is needed. FFS how to down select
· Encourage proponent companies to clarify the performance metric definition for the corresponding option next meeting. 
Issue 2-2-3: Test method for TxD 
Agreements:
· TxD test procedure is FFS.
Issue 2-2-4: Phase variation study for TxD 
Agreements:
· RAN4 to study the impact of phase difference variation for TxD TRP based on measurement data and/or simulation analysis assuming 2Tx transmit simultaneously.  


In RAN4#107 meeting, the following agreements [1]:
Issue 1-2-1: For non-coherent UE support fullpowerMode1 TPMI index 2
Agreements:
· FFS, RAN4 targets to finalize the TPMI index selection for non-coherent UE in August RAN4 meeting.
Issue 1-2-2: For fully Coherent UE support multiple TPMI index 2~5  
· Proposals
· Option 1: multi-TPMI based test method 
· Option 1a: 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;
· FFS the naming of the performance metric, e.g. keep current  or new term as combined-TRP 
· Option 1b: measure TRP under each TPMI with index 2~5, no further processing. How to define requirement is FFS. FFS TPMI index: TPMI 2~5 or 2&3 or 4&5;
· Option 1c: 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;
· FFS the naming of the performance metric, e.g. keep current  or new term as FR1 averaged spherical coverage;
· Option 2: single-TPMI based test method
· Option 2a: measure TRP under TPMI index 2, as the final performance metric;
· Option 2b: measure TRP under one of TPMI index within 3~5, as the final performance metric; 
Agreement: 
· RAN4 target to finalize this issue on TPMI index selection for single layer UL-MIMO in August RAN4 meeting
· Encourage companies to bring more analysis on test time and performance impact with above list candidate options. 
Sub-topic 1-3 TxD test method
Issue 1-3-1: TxD test procedure for 2Tx simultaneously (2Tx-based TxD) 
Agreement: 
· RAN4 target to introduce test methods which can take UE implementation agonistic 
· Encourage companies bring more analysis on the impact with different UE implementation under different test methods. 
· Test time impact also need to be considered 
Issue 1-3-2: TxD phase shift issue for 2Tx-based TxD
· Proposals
· Option 1: A new 2Tx test mode can resolve/stabilize potential 2Tx-based TxD phase variation. 
· Option 2: A new 2Tx test mode can not resolve/stabilize the phase variation, given this could be physical basis of some TxD implementation approaches. Similar to RxD, no test mode is needed currently.
· Option 3: others
· Agreements:
· RAN4 to further discussion the above options
Issue 1-3-3: If 2Tx-based TxD power variation is not resolved fundamentally, how to consider this impact
· Proposals
· Option 1: A MU element and additional TT for 2Tx-based TxD test case. 
· Option 2: No new MU element is needed, similar to RxD test case.
· Option 3: new test procedure to ensure a more statistical TxD measurement, e.g. define a min. EIRP averaging time.
· Agreements:
· RAN4 further discuss above options. Other approach is not precluded
Issue 1-3-4: TxD test procedure for 1Tx-based TxD measurement 
· Proposals
· Option 1: Keep 1Tx-based TxD measurement as low priority.
· FFS whether to introduce 1Tx test mode (e.g. enable only Tx1, test Tx1 TRP, enable only Tx2, test Tx2 TRP, then combine into one metric) 
· FFS the naming of the performance metric, e.g. keep current  or new term as sum-TRP;
Agreements:
· Keep 1Tx-based TxD measurement as low priority.



In this paper, we share our proposals on AC test methodologies, targets to reach consensus on 2Tx test methods.
2. Discussions on AC test method
 
· TRP and TRS definition: 
As reviewed in the introduction part, RAN4 agreed that RAN4 should align the understanding of OTA TRP and TRS definition before RAN4#108 meeting. In our knowledge, the TRP and TRS are radiated performance of devices/antenna which present average spherical effective isotropic radiated power/sensitivity, this is also aligned with the description in CTIA, CCSA and other OTA SDOs. 
The following aspects should be confirmed:
· TRP/TRS can be applied to multi-antennas (multi-elements)
· Current TRP/TRS requirement is average of 6 cases (Left low/mid/high and Right low/mid/high), which presents the UE “averaged” radiated performance.
Therefore, we have the following proposal:
Proposal 1: The following aspects for TRP/TRS should be confirmed:
· TRP/TRS can be applied to multi-antennas (multi-elements), both FR1 or FR2
· Current TRP/TRS requirement is average of 6 cases (Left low/mid/high and Right low/mid/high), which presents the UE “averaged” radiated performance.
· Current TRS is measured based on all Four/Two antennas active, no specific settings
 
· TxD test method: 
[bookmark: _Hlk142648518]Follow the logic of Proposal 1, the performance metric and test method should be consistent for Diversity of Tx or Rx. Though there will be minor RF elements impairments, e.g., amplitude shift, phase instability, and others, for Tx or Rx, but that is not the reason to define different approaches for transparent TxD and RxD testing.
Observation 1: RF impairments are UE implementation issues, the performance variation can be considered when developing the final requirement, but basic principle of performance metric and test method for transparent TxD and RxD should be consistent. 
As reviewed in the introduction part, no need to repeat but clearly 2Tx antenna transmitting simultaneously is the first priority of TxD test method, RAN4 should finalize this test method first. 
Observation 2: Clearly, RAN4 agreed 2Tx antenna transmitting simultaneously is the first priority test method for TxD TRP. 
Proposal 2: The basic test method for TxD and RxD should be consistent, with all the active antennas ON.

· Single-layer UL-MIMO test method: 
Firstly, it is quite important to emphasize previous agreement. 
Observation 3: Clearly, RAN4 agreed 2Tx antenna transmitting simultaneously is the first priority test method for UL-MIMO TRP. Besides, TPMI indexes 0 and 1 individually has been excluded. 
Observation 4: RAN4 also agreed if UE support 1 full power PA of 26dBm then UE shall be verified under 1Tx case.
Based on above observations, for non-coherent UE support fullpowerMode1 TPMI index 2 (but no full power PA of 26dBm), then single TPMI index-2 is the only choice to achieve 2Tx antenna transmitting simultaneously.
Proposal 3: For non-coherent UE support fullpowerMode1 TPMI index 2 and has no full power PA of 26dBm, 2Tx TRP testing should be and can only be performed with TPMI index 2.
For fully Coherent UE support multiple TPMI index 2~5 (with no full power PA of 26dBm), then we need to decide how to select single TPMI or multi-TPMIs. 
Currently, RF core requirements for UL-MIMO MOP feature in TS 38.101-1 only selects single TPMI for 2 antenna ports. This is no issue for conducted testing, given the final power is the pure sum of two ports.
But for OTA, given the radiated characteristics of signals, the combined radiated power at measurement antenna might be different under different TPMI index configuration. Therefore, the averaging the measurement results with different TPMI index (i.e., option 1a in WF [1]) could be a safer way to get an averaged and stable TRP performance. Besides, the testing time is not increased significantly based on TE vendors’ feedback.    
However, if we measure all the supported 2Tx TPMI index, there would be further risk for further work of more Tx chain. Especially considering current FR1 RF WI is discussing 4Tx [6] [7], the supported number of TPMI index have been multiplied. 
Based on above considerations, one possible middle ground to move forward would be: selecting TPMI index 2 as a mandated configuration, and other TPMI index can be measured based on UE declarations (then additional averaging process is needed). 
Proposal 4: For fully Coherent UE support multiple TPMI index 2~5, TPMI index 2 based TRP testing is mandated. Other TPMI index can also be measured based on UE declarations, then averaging process is needed. 

· CA test method: 
Regarding CA test method, considering CA case is quite similar to EN-DC, the EN-DC TRP/TRS test procedure can be adopted for CA. 
Proposal 5: Test procedure similar to EN-DC TRP/TRS test can be adopted for FR1 2-band CA as starting point.

3. Conclusion
In this contribution, we share the following observations and proposals:
Proposal 1: The following aspects for TRP/TRS should be confirmed:
· TRP/TRS can be applied to multi-antennas (multi-elements), both FR1 or FR2
· Current TRP/TRS requirement is average of 6 cases (Left low/mid/high and Right low/mid/high), which presents the UE “averaged” radiated performance.
· Current TRS is measured based on all Four/Two antennas active, no specific settings
Observation 1: RF impairments are UE implementation issues, the performance variation can be considered when developing the final requirement, but basic principle of performance metric and test method for transparent TxD and RxD should be consistent. 
Observation 2: Clearly, RAN4 agreed 2Tx antenna transmitting simultaneously is the first priority test method for TxD TRP. 
Proposal 2: The basic test method for TxD and RxD should be consistent, with all the active antennas ON.
Observation 3: Clearly, RAN4 agreed 2Tx antenna transmitting simultaneously is the first priority test method for UL-MIMO TRP. Besides, TPMI indexes 0 and 1 individually has been excluded. 
Observation 4: RAN4 also agreed if UE support 1 full power PA of 26dBm then UE shall be verified under 1Tx case.
Proposal 3: For non-coherent UE support fullpowerMode1 TPMI index 2 and has no full power PA of 26dBm, 2Tx TRP testing should be and can only be performed with TPMI index 2.
Proposal 4: For fully Coherent UE support multiple TPMI index 2~5, TPMI index 2 based TRP testing is mandated. Other TPMI index can also be measured based on UE declarations, then averaging process is needed. 
Proposal 5: Test procedure similar to EN-DC TRP/TRS test can be adopted for FR1 2-band CA as starting point.
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