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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The SRS IL update for TxD was brought up in past meetings and WF [1] was agreed to further study how the requirement to be updated. This paper was submitted in last meeting [3], however, all the SRS IL for TxD discussions were postponed due to changes in Rel-15 was ongoing at that time. Therefore, this paper is resubmitted with updates in this meeting for further discuss.

	Agreed WF
· Introduce PC1.5 to spec
· Explicit introduce TxD for SRS antenna switching IL, but how to harmonize with the current SRS conditions are FFS, and the exact IL values are FFS
· At least following PC2 UE architectures with TxD but without antenna virtualization for all antenna ports are to be analyzed in #100e
· 23PA+23PA
· 26PA+23PA
· 26PA+26PA
· At least 1T2R, 1T4R, 2T4R and 1T4R/2T4R srs-TxSwitch are to be analyzed in #100e
· A big CR will be used to capture the agreement in #100e together with other TxD issues.



2 Discussion
2.1 UE architecture
The delta SRS IL is applied for the antennas other than the main antenna, so for PC2 UE with TxD which for example is 23+23 to achieve 26, the architecture needs to be figure out before discussing the SRS IL requirements. In the WF [1], it was agreed that UE architecture includes 23PA+23PA, 26PA+23PA, and 26PA+26PA. Therefore, the PC2 architecture could be as following figure 1. 



Figure 1 UE architectures of TxD

And it was also agreed that “SRS antenna switching which was targeted for DL CSI would not use UL antenna virtualization”, that means only one PA can be applied in the SRS switch transmission. Therefore, the architecture (a) is excluded in the following discussion. And it should be noticed that in #99e meeting, paper [2] has analysed the SRS IL for (a), the conclusion there can be reused if needed, i.e. current spec can cover the (a) case.

Observation 1:    It was agreed only one PA can be applied in the SRS switch transmission, and no antenna virtualization in the SRS antenna switch transmission.


2.2 SRS IL
· PC3+PC3 architecture SRS IL

Figure 2 gives the SRS IL for PC2 UE with PC3+PC3 architecture. When 1T4R SRS antenna switching is configured, there is only one PA activated, so the Ant 0 will be 23dBm (3dB lower than power class), and when it is switched to Ant 1/2/3 the power at one instant is 23dBm - ILPCB. The ILPCB is defined as 3dB for bands lower than n79 and 4.5dB for n79 in current spec.

If follow the current △TRxSRS definition, there is only additional PCB IL needed for other SRS ports comparing to first SRS port. However, as mentioned above, the first SRS port itself is already 3dB lower than the power class. This need to be compensated in the definition.

Observation 2:    For PC3+PC3 UE when it is configured with 1T4R SRS switch, all antennas include the first antenna have 3dB lower power than the power class.

When 2T4R is configured, two PAs are activated at one instant, and each PA is connected to one antenna. The total output power at one instant is 26dBm for Ant 0 + Ant 2, and 26dBm - ILPCB for Ant 1 + Ant 3. So only additional PCB IL needs to be defined.

Observation 3:    For PC3+PC3 UE when it is configured with 2T4R SRS switch, only additional PCB IL needs to be defined when it is switched to SRS other than the 1st and 2nd SRS port.



Figure 2 PC3+PC3 SRS IL for 1T4R or 2T4R

When 1T2R is configured, the SRS IL is same as the case of 1T4R, as can be seen below figure 3.


Figure 3 PC3+PC3 SRS IL for 1T2R

Observation 4:    1T2R SRS switch IL is same as 1T4R.


· PC2+PC3 or PC2+PC2 architecture SRS IL

TxD is not fundamental for this kind of implementation since PC2 can be achieved by one PA already. And if this kind of UE doesn’t support TxD, then the SRS IL can be covered by current SRS IL PC2 case, i.e. additional 3dB + ILPCB was introduced in the spec. If this kind of UE supports TxD, the above PC3+PC3 case can be applied to simplify the spec definition since there is no PA configuration report for UEs without full power transmission capability.

Observation 5:    Current spec already cover PC2+PC3 and PC2+PC2 cases for UE without TxD.

· Proposed SRS IL

In Rel-15, the SRS-TxSwitch capability only includes 1T2R, 1T4R, and 2T4R fallback 1T4R, 1T1R, 2T2R, 4T4R, and UE can only indicate one of the capabilities to NW. And UE fallback mode doesn’t cover all the fallback cases, therefore, in Rel-16, this capability is redesigned to list all the max capability and its fallback capabilities as see in figure 4. This needs to be considered in the RAN4 spec updates.
[image: ]
Figure 4 SRS-TxSwitch capability in 38.331

Observation 6:    New srs-TxSwitch capability including fallback modes has been introduced since Rel-16, and RAN4 spec needs to be updated according to 38.331.


With above discussion, it can be seen that for UE with TxD, the SRS IL can be summarized as below:

· When the SRS-TxSwitch capability is indicated as 1T4R or 1T2R, the additional power back off for Ant 0 is 3dB, and for Ant 1/2/3 is 6 dB (bands below n79) and 7.5dB (n79); 

· When the SRS-TxSwitch capability is indicated as 2T4R, the additional power back off for antennas other than 1st and 2nd antenna is 3 dB (bands below n79) and 4.5dB (n79). 
· It should be noticed that the Pcmax_L is defined for carrier f of serving cell c in each slot, so it’s a total power of simultaneous transmission antennas in SRS 2T4R case.

Proposal 1:         It is proposed to define SRS IL for UE with TxD as below:
· When the SRS-TxSwitch capability is indicated as 1T4R or 1T2R, the additional power back off for Ant 0 is 3dB, and for Ant 1/2/3 is 6 dB (bands below n79) and 7.5dB (n79); 
· When the SRS-TxSwitch capability is indicated as 2T4R, the additional power back off for antennas other than 1st and 2nd antenna is 3 dB (bands below n79) and 4.5dB (n79). 

Besides, for PC1.5, it inherently supports TxD, and is not suitable for current spec to directly add it like PC2 where the additional relaxed 3dB is especially for PC2 UE with 26dBm PA but sometimes use another PC3 PA to transmit SRS the reason of saving IL. This issue is not exist for PC1.5 since it has two 26dBm PAs and doesn’t need to use PC3 PA for the sake of saving IL. Therefore, suggest to move it to SRS IL for TxD.
[image: ]

Observation 7:    PC1.5 SRS IL can be covered by SRS IL for TxD.

Proposal 2:         It is proposed to move PC1.5 SRS IL to SRS IL for TxD part since it inherently support TxD.

· Proposed wording can be found in below table for Rel-17:

	[bookmark: _Toc83580409][bookmark: _Toc84404918][bookmark: _Toc84413527]6.2.4	Configured transmitted power
The UE is allowed to set its configured maximum output power PCMAX,f,c for carrier f of serving cell c in each slot. The configured maximum output power PCMAX,f,c is set within the following bounds:
PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with
	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass }
where
	…
	∆TRxSRS is applied during SRS transmission occasions with usage in SRS-ResourceSet set as ‘antennaSwitching’ when 
a)	UE transmits SRS on the second SRS resource in every configured SRS resource set when the SRS-TxSwitch capability is indicated as ' t1r1-t1r2'
b)	UE transmits SRS on the second, third and fourth SRS resources of the total 4 SRS resources from all configured SRS resource set(s) consisting of one SRS port when the SRS-TxSwitch capability is indicated as ' t1r1-t1r2-t1r4' or, ' t1r1-t1r2-t2r2-t1r4-t2r4'
c)	UE transmits SRS from the second SRS port pair on the second SRS resource in every configured SRS resource set consisting of two SRS ports when the SRS-TxSwitch capability is indicated as ' t1r1-t1r2-t2r2-t2r4' or ' t1r1-t1r2-t2r2-t1r4-t2r4', or
d)	UE transmits SRS to a DL-only carrier
e)  UE supporting TxD (capability IE)
	
When the device is incapable of TxD (IE [txDiversity-r16])
· The value of ∆TRxSRS is 4.5dB for n79 and 3 dB for bands whose FUL_high is lower than the FUL_low of n79 when the device is capable of power class 3 in the band, or when the device is capable of power class 2 in the band and ΔPPowerClass = 3 dB.  
· The value of ∆TRxSRS is 7.5dB for n79 and 6 dB for bands whose FUL_high is lower than the FUL_low of n79 when the device is capable of power class 2 and 1.5 in the band and ΔPPowerClass = 0 dB.

When the device is capable of TxD (IE [txDiversity-r16]) or power class 1.5, and
· when the SRS-TxSwitch capability is indicated as ‘t1r1-t1r2’, the value of ∆TRxSRS 
· for SRS on the first SRS resource in every configured SRS resource set is 3dB, 
· for SRS on the second SRS resource in every configured SRS resource set is 7.5dB for n79 and 6 dB for bands whose FUL_high is lower than the FUL_low of n79; 
· when the SRS-TxSwitch capability is indicated as ‘t1r1-t1r2-t1r4’ or ‘t1r1-t1r2-t2r2-t1r4-t2r4’, the value of ∆TRxSRS 
· for SRS on the first SRS resources of the total 4 SRS resources from all configured SRS resource set(s) consisting of one SRS port is 3dB, 
· for SRS on the second, third and fourth SRS resources of the total 4 SRS resources from all configured SRS resource set(s) consisting of one SRS port is 7.5dB for n79 and 6 dB for bands whose FUL_high is lower than the FUL_low of n79; 
· when the SRS-TxSwitch capability is indicated as ‘t1r1-t1r2-t2r2-t2r4’ or ‘t1r1-t1r2-t2r2-t1r4-t2r4’, the value of ∆TRxSRS 
· for SRS from the second SRS port pair on the second SRS resource in every configured SRS resource set consisting of two SRS ports is 4.5dB for n79 and 3 dB for bands whose FUL_high is lower than the FUL_low of n79.
For other SRS transmissions ∆TRxSRS is zero;


3 Conclusion
2.1 UE architecture

Observation 1:    It was agreed only one PA can be applied in the SRS switch transmission, and no antenna virtualization in the SRS antenna switch transmission.

2.2 SRS IL

Observation 2:    For PC3+PC3 UE when it is configured with 1T4R SRS switch, all antennas include the first antenna have 3dB lower power than the power class.
Observation 3:    For PC3+PC3 UE when it is configured with 2T4R SRS switch, only additional PCB IL needs to be defined when it is switched to SRS other than the 1st and 2nd SRS port.
Observation 4:    1T2R SRS switch IL is same as 1T4R.
Observation 5:    Current spec already cover PC2+PC3 and PC2+PC2 cases for UE without TxD.
Observation 6:    New srs-TxSwitch capability including fallback modes has been introduced since Rel-16, and RAN4 spec needs to be updated according to 38.331.

Proposal 1:         It is proposed to define SRS IL as below:
· When the SRS-TxSwitch capability is indicated as 1T4R or 1T2R, the additional power back off for Ant 0 is 3dB, and for Ant 1/2/3 is 6 dB (bands below n79) and 7.5dB (n79); 
· When the SRS-TxSwitch capability is indicated as 2T4R, the additional power back off for antennas other than 1st and 2nd antenna is 3 dB (bands below n79) and 4.5dB (n79). 

Observation 7:    PC1.5 SRS IL can be covered by SRS IL for TxD.

Proposal 2:         It is proposed to move PC1.5 SRS IL to SRS IL for TxD part since it inherently support TxD.

· Proposed wording for Rel-17 can be found in table above.
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