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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
SRS IL is used to define UE Tx power when it transmits SRS signals to each antenna. And in past meetings the discussion was focused on UE with TxD capability, i.e. UE with half rated PAs to transmit SRS and 3dB is additionally needed for the main antenna. Meanwhile there was proposal also to define SRS IL for UE with ULFPTx capabilities because of ULFPTx mode 1 capability assumes UE also have two half rated PAs. This paper further discusses the SRS IL under ULFPTx and TxD capabilities.

2 Discussion
[bookmark: _Hlk95498640][bookmark: _Hlk95500253]No matter full rated PAs or half rated PAs are implemented, when UE with 2T4R capability and is configured with two SRS port transmission there is no degradation in main antennas and only delta TRxSRS exists as shown in below figure 1. Therefore, no relation between ULFPTx and SRS IL when configured with 2 SRS port transmission.



Figure 1 2T4R SRS IL

Observation 1:    When UE is configured with 2 SRS port transmission, all ULFPTx modes have the same SRS IL, i.e. there is no need to consider ULFPTx modes in this case.

When UE with 1T4R SRS switched transmission and is configured with one SRS port, only one PA is activated. Then the question is which PA will be used to transmit SRS. To understand better about different capabilities and UE PA architectures, in below table 1 the SRS power under different TxD and ULFPTx capability combinations are given with below assumptions:

· TxD and ULFPTx are two independent capabilities one is for single antenna port and the other is for UL MIMO
· This is based on previous agreement in RAN4 that the applicability of transparent TxD is NOT related to UE supporting or not supporting Rel-16 ULFPTx
· TxD and ULFPTx doesn’t restrict UE implemented PAs, and it is up to UE how to apply PAs when works in TxD or ULFPTx modes
· This is the common understanding that RAN4 spec doesn’t restrict UE PA implementations as long as it meets 3GPP requirements and also the reality that what kind of PA implemented by UE is unknown to outside and it can only be interpreted by its capability signaling. For example, UE with capability of ULFPTx mode 1 can be supported by UE with 23+23, 23+26, or 26+26 PAs, but when ULFPTx mode 1 is reported and activated it will works in 23+23 mode. This is aligned with RAN1 LS that no restriction in UE implementations to support ULFPTx modes.
· Assume once UE supports full power PA at least from signaling perspective, then UE will use this full power PA to transmit SRS at least for main antenna
· This is straight forward assumption that once full power PA is supported it will use that for UL signal transmission. Here we focus on main antenna Tx power. For the diversity antennas UE might use other PAs for the transmission but this is out of this discussion paper scope.

· UE with TxD capability then there is no full power PA applied in single antenna port (UE may still support and apply full power PA in ULFPTx), and UE without TxD capability then at least one full power PA is implemented
· This is aligned with previous agreement that only 23+23 in PC2 can report TxD capability. In other words, once UE not reports TxD capability it will have at least one full power PA implemented.

With these assumptions we got table 1:

Table 1 SRS power under different TxD and ULFPTx combinations for PC2 UE
	
	TxD
	ULFPTx
	Full power PA
	SRS power @ main Ant
	Notes

	CASE 1
	Y
	N
	N
	23
	· Only half rated PA will be applied in SRS transmission.

	CASE 2.1
	Y
	Y (mode 0)
	Y/N
	23
	· For UE with full power PA, it can apply in mode 0 or mode 2 but not in TxD and mode 1;
· For UE without full power PA, it can use antenna virtualization to achieve full power in mode 0 and mode 2.

	CASE 2.2
	
	Y (mode 1)
	Y/N
	23
	

	CASE 2.3
	
	Y (mode 2)
	Y/N
	23
	

	CASE 3.1
	N
	Y (mode 0)
	Y
	26
	· For UE without TxD, it will support at least one full power PA and apply it in single antenna port mode, hence SRS power is 26;
· This UE will only apply two half rated PAs in mode 1 even the PA capability is 26.

	CASE 3.2
	
	Y (mode 1)
	Y
	26
	

	CASE 3.3
	
	Y (mode 2)
	Y
	26
	



From above table it can be observed that when UE not support TxD then there is always with at least one full power PA (yellow highlighted) and SRS power @ main antenna will be 26; when UE supports TxD then no matter support ULFPTx modes or not, UE will always apply half rated PA to transmit SRS the SRS power @ main antenna is reduced by 3dB (pink highlighted).

With above table, it suggests to be concluded that for the case of 3dB additional SRS IL cased by no full power PA applied is only depends on whether TxD capability is supported or not, and once TxD capability is indicated then 3dB delta Ppowerclass Loss will be applied.

Observation 2:    If follow RAN1 assumption that no restriction on UE implementation to achieve ULFPTx modes then there is no one to one mapping between ULFPTx modes and full power PA.

Observation 3:    The concept of UE “implement” which kind of PAs are different from how UE “apply” PAs. And RAN4 can only define requirements based on UE “applied” PA but not “implemented” PA.

Proposal 1:         Clarify that RAN4 can only define requirements based on the behavior of how UE “apply” PA but no restriction on how UE “implement” PA as long as requirements for the UE indicated capabilities are met.

Observation 4:    Up to now there is agreed restriction on UE “apply” PA for TxD feature, i.e. only two half rated PAs applied but no restriction on ULFPTx feature, i.e. any kind of PAs (full or half rated) can be applied.

Observation 5:    When configured for 1T4R SRS switch
· For UE indicates TxD with or w/o ULFPTx, the SRS power at main antenna has 3dB power back off
· For UE w/o indicating TxD, SRS full power can be reached at main antenna


Proposal 2:         Update SRS IL according to TxD capabilities, i.e. if UE indicate TxD capability then delta Ppowerclass = 3dB is applied.

The proposed changes can be found in CR [1].
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