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1 Introduction
For UE supporting UL MIMO and PC2 implements with 23+23 PA, how to accommodate TxD with single antenna port has been discussed for many meetings and it still needs to clarify how the TxD will impact RAN4 spec. 

This paper further discuss on this issue and give an overall view.
2 Discussion
2.1 Clarification or not

In RAN4#94bis-e meeting, the WF [1] was agreed in which two options are given, one is continue discuss to complete in Rel-15, the other is live with what we have in Rl-15. However, no matter we ignore the issue or not in RAN4, the industry actually needs clear definition of requirements as can be found in RAN5 LS [2] and GCF LS [3]. With the ambiguity in spec the UL MIMO PC2 UE certification will be stopped in GCF. Therefore, after more than a year discussion, the power class and TxD needs a conclusion.
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* Requirements for SA UL MIMO PC2 UE are incomplete/ambiguous in
current R15 RAN4 specs.
* Option1: Continue discussion to complete in R15.
* Option2: Live with what we have now in r15, continue discussion in
R16
* Discussion on technical issues needed for transparent Tx diversity
* This discussion does not differentiate between Rel-15 or Rel-16

* Main initial analysis reference papers
* R4-2003330(Anritsu), R4-2004211(Keysight), R4-2003028(Qualcomm), R4-2004960(CMCC)...




Observation 1: With the ambiguity in spec the UL MIMO PC2 UE certification will be stopped in GCF.
Proposal 1: RAN4 continue discuss to complete Rel-15 power class definition between UL MIMO and single antenna port, and also conclusion on TxD feature.

2.1 TxD Testability

In RAN4#94bis-e meeting, some questions are raised in [4] on the ambiguity of antenna connector numbers for TxD, however, based on the discussion in [5], the assumption of 2 antenna connectors is agreeable for TxD in Rel-15, then the measurement questions can be solved. 

In addition, during the GTW discussion, it was pointed out that the TxD testing ability is fundamental for FR2 which means no TxD testability is observed in TE capability. Further, based on the GTW online feedback the testability also seems not an issue to block specifying the TxD requirements. 

Therefore, it can be concluded that even though some usual adjustment might be needed to accommodate TxD with 2 antenna connectors, but there is no testability issue which can stop the introduction of TxD in Rel-15.
Proposal 2: Concluded that no testability issue in introduction of TxD in Rel-15.

2.2 TxD requirements

In 38.101-1, the UL MIMO requirements have been specified since Rel-15 which are summarized in below table. Some requirements, especially transmit power related requirements are summed, and some other requirements are specified with each antenna connector.
From UE RF architecture and transmit signal perspective, there is no difference for the requirements which are specified at each antenna connector between UL MIMO and TxD since both are with 2 PAs working. Therefore, the requirements with yellow highlighted can be reused directly for TxD with 2 antenna connectors.

Proposal 3: For the requirement specified at each antenna connectors in UL MIMO except emission requirements can be reused for TxD with 2 antenna connectors.

For the requirements that are green highlighted, we can see that they are all absolute transmit power requirements, and measurement are done with sum of the results on each antenna connector. Similar handling can be reused for TxD with 2 antenna connectors.

Proposal 4: For the requirement specified as sum of the transmit power in UL MIMO, similar handling can be reused for TxD with 2 antenna connectors.

The left over requirements are emissions which are highlighted with purple. Even though the discussion are continue for UL MIMO, it is proposed for TxD with 2 antenna connectors, the emissions are also summed like the transmit power requirements.

Proposal 5: For the emission requirements, specified as sum of the results for TxD with 2 antenna connectors.

	
	UL MIMO
	1 Port with 2T (TxD)

	Maximum output power
	sum of the maximum output power at each UE antenna connector
	sum

	MPR
	sum of the maximum output power at each UE antenna connector
	sum

	AMPR
	sum of the maximum output power at each UE antenna connector
	sum

	Configured transmitted power
	sum of the maximum output power at each UE antenna connector
	sum

	Minimum output power
	sum of the mean power at each transmit connector
	sum

	Transmit OFF power
	at each transmit antenna connector
	each antenna connector

	ON/OFF time mask
	at each transmit antenna connector
	

	Power control
	sum of output power at each transmit antenna connector
	sum

	Frequency error
	at each transmit antenna connector
	each antenna connector

	Error Vector Magnitude
	at each transmit antenna connector
	each antenna connector

	Carrier leakage
	at each transmit antenna connector
	each antenna connector

	In-band emissions
	at each transmit antenna connector
	each antenna connector

	EVM equalizer spectrum flatness
	at each transmit antenna connector
	each antenna connector

	Occupied bandwidth
	at each transmit antenna connector
	each antenna connector

	Out of band emission
	at each transmit antenna connector
	sum

	Spurious emission
	at each transmit antenna connector
	sum

	Transmit intermodulation
	at each transmit antenna connector
	each antenna connector


3 Conclusion
Observation 1: With the ambiguity in spec the UL MIMO PC2 UE certification will be stopped in GCF.
Proposal 1: RAN4 continue discuss to complete Rel-15 power class definition between UL MIMO and single antenna port, and also conclusion on TxD feature.

Proposal 2: Concluded that no testability issue in introduction of TxD in Rel-15.

Proposal 3: For the requirement specified at each antenna connectors in UL MIMO except emission requirements can be reused for TxD with 2 antenna connectors.
Proposal 4: For the requirement specified as sum of the transmit power in UL MIMO, similar handling can be reused for TxD with 2 antenna connectors.
Proposal 5: For the emission requirements, specified as sum of the results for TxD with 2 antenna connectors.
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