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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The TxD was considered as one of the implementations for single antenna port. And different PA configurations have been considered during the requirement definition in both TxD and ULFPTx. These two features were combined for UE supporting ULFPTx and when it is configured with single antenna port. Then how to map existing requirements for different scenarios were widely discussed. This paper further discuss these aspects.

2 Discussion
2.1 ULFPTx
Table 1 below was used in WF [1] to map requirements for different UE capabilities. It was agreed in RAN4#100e that there is no dependency between TxD and ULFPTx capabilities, that means any kind of combination of these two capabilities are possible which makes the below table has many choices in implementation. However, in practice, some of the capability combinations actually is not typical, or meaningful or weird. For example, UE supporting ULFPTx mode 1 then inherently this UE will support TxD which leads to the combination ULFPTx mode 1+no TxD indication is meaningless unless this UE have at least one full power PA, then it should not be mode 1. If allow this kind of combinations then it deviates from the original intention of defining ULFPTx modes and make the spec too complex cause problems of scheduling and also testing.

Therefore, in our view the spec should cover the typical implementations with reasonable benefits and avoid of sweeping all kinds of combinations which can only exhaust the group also degrade the specification readability. Following this path, our views are summarized in the below table.

Proposal 1:         Spec should cover the typical implementations with reasonable benefits and avoid of sweeping all kinds of capability combinations.

Table 1 ULFPTx and TxD mapping
	Single antenna-port Requirements applicability
	ULFPTx Mode-1
	ULFPTx Mode-2

SRSConfig-diffNumSRSPorts-r16 
(Mode-2 scheme 1) 
	ULFPTx Mode-2

TPMIGroup-r16

(Mode-2 scheme 2) 
	ULFPTx Mode-0
	No ULFPTx

	PC2 UE PAs
	With 23+23 PA
	With 23+23 PA
	With 23+26 and only activate 26PA
	With 26+26 activate one PA
	With 23+23 or 26

	txDiversity-r16
	Dual Tx

For Mode 1 UE TxD is inherently supported and 2Tx requirements should apply.
	Dual TX

To achieve UL full power, Mode-2 scheme 1 inherently require UE to do antenna virtualization, i.e. 2T requirements
	N/A

TxD should not be supported for Mode 2 scheme 2 UE since full power PA is implemented.
	N/A

TxD should not be supported for Mode 0 UE since full power PAs are implemented.
	Dual Tx

Single antenna port requirements depends on TxD capability.

	No TxD indication
	N/A

If supported then at least one full power PA is implemented, then should be Mode 2 or Mode 0 rather than Mode1. Thus this kind of UE should not be considered.
	N/A

Mode 2 scheme 1 inherently require UE to do antenna virtualization. Thus this combination is not existing.
	Single Tx

Mode 2 scheme 2 UE always apply the full power PA in single antenna port mode.
	Single Tx

Mode 0 UE always apply the full power PA in single antenna port mode.
	Single Tx

Single antenna port requirements depends on TxD capability.



Proposal 2:         TxD is not allowed when UE has full power PA no matter which ULFPTx modes it supports.

Proposal 3:         For UE with TxD, 2Tx requirements always apply when fallback from ULFPTx to single antenna port mode, otherwise, single Tx requirements apply.

2.2 UL MIMO fallback
Current RAN4 spec defines the fallback from UL MIMO to single antenna port (1Tx antenna) with below statement. And it only defines the behavior of UE without TxD capability, i.e. UE with at least one full power PA, then the same power class requirements in 6.2.1 are applied. However, for UE supporting TxD, when it fallback from UL MIMO/ULFPTx to single antenna port the requirements are unclear.
[image: ]

As proposed above, the UE with TxD capability will apply the TxD requirements when it fallback from UL MIMO/ULFPTx to single antenna port mode. Thus updating is needed.

Proposal 4:         Update UL MIMO fallback to single antenna port requirement to clarify that UE with Tx diversity capability will apply 6.2G.1 requirements.


Proposed changes are as below:

	[bookmark: _Toc21344282][bookmark: _Toc29801768][bookmark: _Toc29802192][bookmark: _Toc29802817][bookmark: _Toc36107559][bookmark: _Toc37251325][bookmark: _Toc45888140][bookmark: _Toc45888739][bookmark: _Toc61367384][bookmark: _Toc61372767][bookmark: _Toc68230708][bookmark: _Toc69084121][bookmark: _Toc75467131][bookmark: _Toc76509153][bookmark: _Toc76718143][bookmark: _Toc83580453][bookmark: _Toc84404962][bookmark: _Toc84413571]6.2D.1	UE maximum output power for UL MIMO
For UE with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the maximum output power for any transmission bandwidth within the channel bandwidth is specified in Table 6.2D.1-1. The requirements shall be met with the UL MIMO configurations specified in Table 6.2D.1-2. For UE supporting UL MIMO, the maximum output power is defined as the sum of the maximum output power from both UE antenna connectors. The period of measurement shall be at least one sub frame (1 ms).
….

If UE not indicating Tx diversity [xx, TS 38.306] is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission, the requirements in clause 6.2.1 apply for the power class as indicated by the ue-PowerClass field in capability signalling. 

If UE indicating Tx diversity [xx, TS 38.306] is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission, the requirements in clause 6.2G.1 apply for the power class as indicated by the ue-PowerClass field in capability signalling.




3 Conclusions

Proposal 1:         Spec should cover the typical implementations with reasonable benefits and avoid of sweeping all kinds of capability combinations.

Proposal 2:         TxD is not allowed when UE has full power PA no matter which ULFPTx modes it supports.

Proposal 3:         For UE with TxD, 2Tx requirements always apply when fallback from ULFPTx to single antenna port mode, otherwise, single Tx requirements apply.

Proposal 4:         Update UL MIMO fallback to single antenna port requirement to clarify that UE with Tx diversity capability will apply 6.2G.1 requirements.
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