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1.	Introduction
2TX TRP test method has always been controversial topic in previous meetings. In last RAN4 meeting there were relatively big progress, basic configuration was either agreed or converged to few options.
In this contribution we further discuss the remaining issues on TRP test method for single layer UL MIMO and Tx Diversity.
2. 	Discussion
2.1	TRP test of single layer UL MIMO
For non-coherent UE supporting fullpowerMode1, TPMI index =2 was agreed as baseline configuration and further discuss swept TPMI approach and capture into TR. As the available two antenna port TPMIs are only TPMI index 0, 1 and 2, it is natural to sweep these three TPMI indexes.
Proposal 1:	For non-coherent UE supporting fullpowerMode1, TPMI index 0, 1 and 2 should be all swept for the swept TPMI approach.
For coherent UE, there are yet two options [1, R4-2313891]:
	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




For Option 1 (averaged TPMI approach), it is enough to test only two TPMIs either 2&3 or 4&5 according to previous contributions including theoretical analysis, simulation and measurements [2, R4-2313628] [3, R4-2313775] 
Observation 1:	for the averaged TPMI approach, it is enough to test only two TPMIs either 2&3 or 4&5
For Option 2 (swept TPMI approach), there shows obvious performance gain which is nearly 3dB improvement. Not only performance, but test time was also agreed to be taken into account when comparing options. 
Note that Option 1 (averaged TPMI approach) will make the antenna radiation pattern more irregular due to beam forming effect which potentially may require finer measurement grids, and that’s why the coarser measurement grids (as tabulated in Table 5.1.1-1 in TR38.870 [4]) as test time reduction enhancement are only yet applicable to 1TX, refer to the note in [5, R4-2302917]. (“Note: for 2Tx, the measurement grids should be further studied and confirmed.”)
Table 5.1.1-1 of TR38.870: Applicability for TRP measurement grids
	Frequency Range
	Quadrature
	[°]
	N
	M
	Min. Number of Grid Points

	< 3GHz
	sin()
	15
	12
	24
	266

	
	
	30
	6
	12
	62

	
	Clenshaw-Curtis
	15
	12
	24
	266

	
	
	30
	6
	12
	62

	> 3GHz
	sin()
	15
	12
	24
	266

	
	
	30
	6
	12
	62

	
	Clenshaw-Curtis
	15
	12
	24
	266

	
	
	30
	6
	12
	62



On the contrary, Option 2 (swept TPMI approach) depends on the antenna radiation pattern envelop which is even more regular pattern than that of 1TX. So the coarser measurement grids (30deg step size) are surely applicable, and even step size > 30deg may be also possible. 
Observation 2:	the averaged TPMI approach potentially requires finer measurement grids than 1TX while the swept TPMI approach requires coarser measurement grids than 1TX
Assume the averaged TPMI approach is measured with 15deg step size and the swept TPMI approach is measured with 30deg measurement grid, then the swept TPMI approach can save more test time.
Proposal 2:	For coherent UE, Option 2 (swept TPMI approach) is preferred considering both performance benefits and test time benefits.
There is prerequisite for the swept TPMI approach as it is not aligned with legacy TRP concept. New definition/term on test metric need to be further discussed. On one hand this WI is for TRP TRS, on the other hand we don't prefer to specify new test metric other than TRP TRS for FR1, the only feasible way is to consider a new definition/term under the TRP umbrella, e.g., to define a new TRP variant like ‘envelop TRP’, otherwise the discussion will be out of scope.
Proposal 3:	define a new TRP variant e.g. envelop TRP for swept TPMI approach to avoid confusion to TRP definition.

2.2	TRP test of Tx Diversity
Tx diversity is an UE-centric feature which is not controlled by network, just like TAS (Transmit Antenna switch). Such UE-centric antenna enhancement features perform well in field but often test bad in lab, that’s why TAS need to be disabled before lab OTA testing. One example for Tx diversity is shown in our previous contribution [6, R4-2312509]
Observation 3:	just like TAS, directly testing TRP with TxD on may lead to much worse test results than real performance.
For TAS UE, the handling is to simply disable TAS. For TxD UE, there is not simple on/off switch so UE-specific configuration like test mode can be considered, as indicated in [1, R4-2313891]
	 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



The specific configuration (test mode) includes the following:
· disable transmit antenna switching
· sustain 2TX simultaneously
· lock the phase relationship among active antennas
And thus the 2TX transmission with fixed phase relationship will be steadily maintained and the radiation pattern is kept unchanged during all the TRP test, as a result, the TRP measurement will not be affected by phase variation designed for the field. The specific configuration of test mode can be triggered by test equipment command, or by pre-configuration by UE vendor if available.
Proposal 4:	The specific configuration (test mode) includes disabling transmit antenna switching, sustaining 2TX simultaneously, and lock the phase relationship among active antennas.
The specific configuration (test mode) may be based on vendor declaration. Then there would still be issue in market inspection test. In the market inspect test performed by authority, vendor declaration is not available and the TxD UE would be directly tested with TxD on and leading to a test failure. So it is important to avoid such situation. We think it would be helpful to highlight 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”.
Proposal 5:	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”

3. 	Conclusion
Proposal 1:	For non-coherent UE supporting fullpowerMode1, TPMI index 0, 1 and 2 should be all swept for the swept TPMI approach.
Observation 1:	for the averaged TPMI approach, it is enough to test only two TPMIs either 2&3 or 4&5
Observation 2:	the averaged TPMI approach potentially requires finer measurement grids than 1TX while the swept TPMI approach requires coarser measurement grids than 1TX
Proposal 2:	For coherent UE, Option 2 (swept TPMI approach) is preferred considering both performance benefits and test time benefits.
Proposal 3:	define a new TRP variant e.g. envelop TRP for swept TPMI approach to avoid confusion to TRP definition.
Observation 3:	just like TAS, directly testing TRP with TxD on may lead to much worse test results than real performance.
Proposal 4:	The specific configuration (test mode) includes disabling transmit antenna switching, sustaining 2TX simultaneously, and lock the phase relationship among active antennas.
Proposal 5:	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”
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