[bookmark: _Hlk127531451][bookmark: OLE_LINK5][bookmark: OLE_LINK7][bookmark: OLE_LINK6][bookmark: OLE_LINK14][bookmark: OLE_LINK10][bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #108bis                                 R4-2316702
Xiamen, China  9 - 13 October, 2023
Agenda item:	5.15.2.1
[bookmark: OLE_LINK9][bookmark: OLE_LINK12]Source:	CAICT
[bookmark: OLE_LINK8]Title:	Discussion on 2TX test methodology
Document for:	Approval
[bookmark: OLE_LINK15][bookmark: OLE_LINK4]1	Introduction
In RAN4#108 meeting, the considerations on Single-layer UL MIMO TRP test method and TxD test method has been discussed, as captured in WF [1].
	Sub-topic 1-2 Single-layer UL-MIMO TRP test method
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 1-2-2: 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 
Issue 1-2-3: Testing time consideration for fully Coherent UE, under multiple TPMI index 2~5 condition  
· Agreements
· Test-time increase for option 1 and option 2 in issue 1-2-2 should be taken into account
Sub-topic 1-3 TxD test method
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



In this contribution, we share our views on test method for 2Tx TRP.
2 [bookmark: OLE_LINK3]Discussion
2.1	single-layer UL MIMO TRP Test method for non-coherent UE support fullpowerMode1 
According to TS38.212, TPMI index configuration 0,1 and 2 are supported for non-coherent UE support fullpowerMode1. During RAN4#108 meeting, single layer UL-MIMO TRP test configuration for non-coherent UE support fullpowerMode1 has been discussed, and it was agreed to apply a single TPMI index=2 for testing. Further study and discussion should be conducted on the swept TPMI indexes for testing.
	Table 7.3.1.1.2-5A: Precoding information and number of layers, for 2 antenna ports or Second Precoding information, if transform precoder is enabled and ul-FullPowerTransmission = fullpowerMode1, or if transform precoder is disabled, maxRank = 1, and ul-FullPowerTransmission = fullpowerMode1
	Bit field mapped to index
	codebookSubset= nonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	Reserved






When we review the conclusion of RAN4 in past meeting, we found that the group has reached following consensus on TPMI configuration for single-layer UL MIMO TRP testing [2-3]:
	R4-2217459:
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.

R4-2220610:
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.


Observation 1: RAN4 has decide not to adopt TPMI indexes 0 and 1 for UL MIMO TRP testing since single port antenna schemes are less relevant to 2Tx TRP.
Observation 2: For non-coherent UEs that support fullpowerMode1 but without full power PA of 26dBm, TPMI =2 is only feasible configuration for simultaneous 2 antenna transmissions.
Therefore, the lab alignment and performance requirement for UL-MIMO TRP should be performed based on TPMI=2.
Proposal 1: If lab alignment campaign and performance requirement are introduced for non-coherent UE , only fixed TPMI=2 configuration shall be used.
2.2	single-layer UL MIMO TRP Test method for coherent UE 
As agreed in RAN4#108, we further discuss the UL MIMO TRP test method based on option 1 (averaged TPMI) and option 2 (swept TPMI) for coherent UE. 
For option 1, theoretical derivation in [4] shows that this approach could eliminate the impact of random phase difference between two antennas. Further analysis of the test results shows that the TRP values of the same DUT vary in a range of less than 0.1dB for different subsets of TPMI configurations, i.e., TPMI={2,3}or{4,5}or{2,3,4,5}.
Observation 3: For Option 1, TRP values of the same DUT vary in a range of less than 0.1dB for different subsets of TPMI configurations, i.e., TPMI={2,3}or{4,5}or{2,3,4,5}.
For option 2, UL MIMO TRP performance is derived by sweeping all TPMI configurations and selecting best EIRP at each test point. This methods shows the optimal radiated performance of the UE in the most ideal state, but since the scheduling algorithm of the gNB and the response of the UE in real world may not guarantee that the UE switches to the optimal TPMI index for uplink transmission at every test point (direction), this method necessarily overestimates the OTA performance of the UE in real-world usage scenarios. 
In this case, part of the UL MIMO performance gain from option 2 is introduced by the test methodology and not the real performance gain of the UE under the real network.
Observation 4：Option 2 shows the optimal radiated performance of the UE in the most ideal state, but also necessarily overestimates the OTA performance of the UE in real-world usage scenarios.
Moreover, it is beneficial to have some comparability between 1Tx and 2Tx OTA performance metrics, so from the point of view of developing performance requirement, a test method based on a fixed pattern should be followed to avoid confusion.
The pros and cons of two options are listed as below:
	
	Pros
	Cons

	Option 1 
	1. Consistent with traditional TRP concepts
2. Performance requirement is comparable to 1Tx OTA performance to some extent
	1. Increased testing time (can be minimized by picking a subset of TPMI configurations)

	Option 2
	1. Closer to actual UE performance (??)
2. TRP could be 2dB higher than pure two ports sum [5-6]
	1. Overestimating the actual performance of UE
2. Inconsistency with legacy TRP concepts, new concept and new metric need to be introduced
3. Performance requirement is not comparable to 1Tx OTA
4. Increased testing time
5. Risk of applicability on other EIRP/TRP-based regulatory/radiated emission test cases;



Proposal 2: For coherent UE, select option 1 as final performance metric to perform measurement and specify performance requirement for single-layer UL-MIMO TRP testing.
Proposal 3: To reduce complexity and test time, a subset of TPMI indexes 2~5, i.e., TPMI 2&3 or 4&5, could be used for the single-layer UL MIMO TRP test method.
Option 2 can be captured in the TR annex as an informative test method to help manufactures better understand the optimal Tx performance of the 2Tx UE. 
Proposal 4: Option 2 can be captured in the TR annex as an informative test method. 
3	Conclusion
This contribution makes the following observations and proposals.
Observation 1: RAN4 has decide not to adopt TPMI indexes 0 and 1 for UL MIMO TRP testing since single port antenna schemes are less relevant to 2Tx TRP.
Observation 2: For non-coherent UEs that support fullpowerModel1 but without full power PA of 26dBm, TPMI =2 is only feasible configuration for simultaneous 2 antenna transmissions.
Proposal 1: If lab alignment campaign and performance requirement are introduced for non-coherent UE , only fixed TPMI=2 configuration shall be used.
Observation 3: For Option 1, TRP values of the same DUT vary in a range of less than 0.1dB for different subsets of TPMI configurations, i.e., TPMI={2,3}or{4,5}or{2,3,4,5}.
Observation 4：Option 2 shows the optimal radiated performance of the UE in the most ideal state, but also necessarily overestimates the OTA performance of the UE in real-world usage scenarios.
Proposal 2: For coherent UE, select option 1 as final performance metric to perform measurement and specify performance requirement for single-layer UL-MIMO TRP testing.
Proposal 3: To reduce complexity and test time, a subset of TPMI indexes 2~5, i.e., TPMI 2&3 or 4&5, could be used for the single-layer UL MIMO TRP test method.
Proposal 4: Option 2 can be captured in the TR annex as an informative test method. 
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