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1.	Introduction
Test method of 2Tx is one of the main enhancement of FR1 TRP TRS in Rel-18. The 2Tx scope includes both TxD and single layer UL MIMO.
In last meeting, there are some general agreement but not agreed yet on how to test 2Tx due to the impact of phase variation [1].
	Issue 2-2-2: Phase impact when measure 2Tx TRP (general for TxD and TPMI-based TRP)
Agreements:
· Study the impact of phase variation between two antennas when measuring the TRP.



In this contribution, we further discuss the detailed issues about test method for 2Tx UE.
2. 	Discussion
2.1	2Tx scope
In last meeting, the discussion showed the consensus that 1Tx under 2 port configuration individually is not in scope [1]:
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.


However, it is still not clear what UE PA architecture is in scope for UE with 2Tx capability
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.


In our view, the PC2 with 26+26 or 26+23 can be based on single Tx transmision. During the Rel-17 RAN4 TxD work item, when discussing the MPR requirement applicability depending on UE TxD capability and ULFPTx capability, for ULFPTx mode 0 and ULFPTx mode 2 mechanism 2, UE should always apply single Tx MPR regardless of TxD capability as at least one full reated PA required. Otherwise, apply MPR requirements depending on TxD capability signalling. From this point of view, ULFPTx mode 0 UE and ULFPTx mode 2 mechanism 2 UE should mainly rely on 1Tx and should not be included in scope.

[image: cid:image004.png@01D8EABB.B282A540]
Observation 1:	As long as UE does not reporting TxD capability, UE has to meet single Tx requirement regardless of its ULFPTx capability
Observation 2:	As long as UE reports ULFPTx mode 0 or ULFPTx mode2 mechanism 2 capability, UE has to meet single Tx requirement regardless of its TxD capability
Based on above two observations, proposals could be summarized:
Proposal 1:	ULFPTx mode 0 UE and ULFPTx mode2 mechanism 2 UE should not be included in scope.
In other words, the scope should only include UE reporting TxD capability and not reporting ULFPTx mode 0 or ULFPTx mode2 mechanism 2 capability.
Proposal 2:	the 2Tx scope for this WI should only include UE reporting TxD capability and not reporting ULFPTx mode 0 or ULFPTx mode2 mechanism 2 capability.
For the scope indicated in proposal 2, test method could be selected depending on if TPMI-based method is applicable or not.  If TPMI-based method (if adopted) is applicable and available for that UE, TPMI-based method can be applied; otherwise, dedicated test method for TxD can be applied.
Proposal 3:	For the scope indicated in proposal 2, if TPMI-based method (if adopted) is applicable and available for that UE, TPMI-based method can be applied; otherwise, dedicated test method for TxD can be applied.

2.2	test parameter
In last meeting, waveform was discussed but no consensus was achieved. It should be noted that MOP is already defined without MPR, that is only DFT-s-OFDM (transform precoder is enabled) is applicable. When transmission with CP-OFDM (transform precoder is disabled), there is always non-zero MPR. This principle applies for both TxD and UL MIMO. 
If looking into RAN5 specifications, there is also evidence showing that CP-OFDM is not included in MOP test due to non-zero MPR.
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Editor’s Note:
- No test points are defined for 2-layer UL MIMO since there is no configuration satisfying MPR=0dB requirements in RAN4. Testing with 1.5dB MPR as recommended by RAN4 has been covered in 6.2D.2.
- Implementation to verify ‘If UE is configured for transmission on single-antenna port, the requirements in clause 6.2.1 apply’ is still under discussion.
Table 6.2D.1.4.1-1: Test Configuration Table for 2-layer UL MIMO
NOTE:	No test points are defined since there is no configuration satisfying MPR=0dB requirements in RAN4.
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	Initial Conditions

	Test Environment as specified in TS 38.508-1 [5] subclause 4.1
	Normal, TL/VL, TL/VH, TH/VL, TH/VH

	Test Frequencies as specified in TS 38.508-1 [5] subclause 4.3.1
	Low range, Mid range, High range

	Test Channel Bandwidths as specified in TS 38.508-1 [5] subclause 4.3.1
	Lowest, Mid, Highest

	Test SCS as specified in Table 5.3.5-1
	Lowest, Highest

	Test Parameters

	Test ID
	Downlink Configuration
	Uplink Configuration

	
	N/A for maximum output 
	Modulation (NOTE 2)
	RB allocation (NOTE 1)

	1
	power test case
	DFT-s-OFDM PI/2 BPSK
	Inner Full

	2
	
	DFT-s-OFDM PI/2 BPSK
	Inner 1RB Left

	3
	
	DFT-s-OFDM PI/2 BPSK
	Inner 1RB Right

	4
	
	DFT-s-OFDM QPSK
	Inner Full

	5
	
	DFT-s-OFDM QPSK
	Inner 1RB Left

	6
	
	DFT-s-OFDM QPSK
	Inner 1RB Right

	NOTE 1:	The specific configuration of each RB allocation is defined in Table 6.1-1.
NOTE 2:	DFT-s-OFDM PI/2 BPSK test applies only for UEs which supports half Pi BPSK in FR1.







Proposal 4:	DFT-s-OFDM rather than CP-OFDM is selected for TRP test of NR 2Tx UEs

2.3	test method (simultaneous vs sequential)
About test method, one basic issue is whether to test TRP simultaneously or sequentially, no matter for TxD or single layer UL MIMO.
For non-coherent UE case, the phase variation between two antenna ports are not predictable, leading to a time-varying radiation pattern.
For coherent UE case, the relative phase error for coherent UL MIMO is specified as 40 degrees with many side conditions in clause 6.4D.4 of TS 38.101-1:
	For coherent UL MIMO, Table 6.4D.4-1 lists the maximum allowable difference between the measured relative power and phase errors between different antenna connectors in any slot within the specified time window from the last transmitted SRS on the same antenna connectors, for the purpose of uplink transmission (codebook or non-codebook usage) and those measured at that last SRS. The requirements in Table 6.4D.4-1 apply when the UL transmission power at each antenna connector is larger than 0 dBm for SRS transmission and for the duration of time window.
Table 6.4D.4-1: Maximum allowable difference of relative phase and power errors in a given slot compared to those measured at last SRS transmitted
	Difference of relative phase error
	Difference of relative power error
	Time window

	40 degrees
	4 dB
	20 msec



The above requirements when all the following conditions are met within the specified time window:
-	UE is not signaled with a change in number of SRS ports in SRS-config, or a change in PUSCH-config
-	UE remains in DRX active time (UE does not enter DRX OFF time)
-	No measurement gap occurs
-	No instance of SRS transmission with the usage antenna switching occurs
-	Active BWP remains the same
-	EN-DC and CA configuration is not changed for the UE (UE is not configured or de-configured with PSCell or SCell(s))
-	When UE is not configured with uplink switching; or when UE is configured with uplink switching, and ‘fullCoherent’ codebook subset is supported in the corresponding carrier according to the capability uplinkTxSwitching-PUSCH-TransCoherence and/or uplinkTxSwitching2T2T-PUSCH-TransCoherence; or when UE is configured with uplink switching, ‘nonCoherent’ codebook subset is supported in the corresponding carrier according to the capability uplinkTxSwitching-PUSCH-TransCoherence and/or uplinkTxSwitching2T2T-PUSCH-TransCoherence, and uplink switching is not triggered by the switching mechanisms specified in sub-clause 6.1.6 of TS 38.214 [10] between last transmitted SRS and scheduled transmission. 




Observation 3:	the phase variation between two antenna ports are quite large for both non-coherent UEs and coherent UEs
On the other hand, companies are proposing to adopt dynamic TPMI
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


In our view, if dynamic TPMI selection is needed to get best TRP, actually it indicates that there is phase variation impact issue, otherwise TRP should be a constant value for all 2Tx TPMI.
Observation 4:	if dynamic TPMI selection is needed to get best TRP, actually it indicates that there is phase variation impact issue, otherwise TRP should be a constant value for all 2Tx TPMI
Based on above observations, it is proposed to adopt sequential 1Tx test and then sum the TRPs
Proposal 5:	it is proposed to adopt sequential 1Tx test and then sum the TRPs.

3. 	Conclusion
Observation 1:	As long as UE does not reporting TxD capability, UE has to meet single Tx requirement regardless of its ULFPTx capability
Observation 2:	As long as UE reports ULFPTx mode 0 or ULFPTx mode2 mechanism 2 capability, UE has to meet single Tx requirement regardless of its TxD capability
Proposal 1:	ULFPTx mode 0 UE and ULFPTx mode2 mechanism 2 UE should not be included in scope.
Proposal 2:	the 2Tx scope for this WI should only include UE reporting TxD capability and not reporting ULFPTx mode 0 or ULFPTx mode2 mechanism 2 capability.
Proposal 3:	For the scope indicated in proposal 2, if TPMI-based method (if adopted) is applicable and available for that UE, TPMI-based method can be applied; otherwise, dedicated test method for TxD can be applied.
Proposal 4:	DFT-s-OFDM rather than CP-OFDM is selected for TRP test of NR 2Tx UEs
Observation 3:	the phase variation between two antenna ports are quite large for both non-coherent UEs and coherent UEs
Observation 4:	if dynamic TPMI selection is needed to get best TRP, actually it indicates that there is phase variation impact issue, otherwise TRP should be a constant value for all 2Tx TPMI
Proposal 5:	it is proposed to adopt sequential 1Tx test and then sum the TRPs.
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