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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The SRS IL update for TxD was brought up in past meetings. This paper further discusses this topic.

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. However, as proposed in [2], TxD is only applicable to UE with 23PA+23PA and not applicable for UEs with full rated PA. 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 PC2 architecture could be as following figure 1. 



Figure 1 UE architectures of TxD for SRS IL

Proposal 1:         Only consider TxD UE with two PC3 PAs for the PC2 SRS IL analysis.

2.2 SRS IL
[bookmark: _Hlk92272752]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. There is possibility that UE can use the other PC3 PA to transmit SRS directly to one of the antennas, however, this is up to UE implementation, and cannot be assumed as the default behavior.

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.

Proposal 2:         For 1T4R SRS switch, antenna 0 is 3dB lower than power class, antenna 1/2/3 are 3dB for bands lower than n79 and 4.5dB for n79.

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.

Proposal 3:         For 2T4R SRS switch, IL is defined only for 3rd and 4th antenna, and it is 3dB for bands lower than n79 and 4.5dB for n79.



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

Proposal 4:         For 1T2R SRS switch, antenna 0 is 3dB lower than power class, antenna 1 is 3dB for bands lower than n79 and 4.5dB for n79.

2.3 Spec changes
In last meeting two approaches of how to modify Pcmax for the 3dB IL at main antenna caused by TxD were proposed, i.e. modify delta Ppowerclass, or modify delta TRxSRS. It is clear that modify delta Ppowerclass will change both Pcmax high limit and low limit as shown in Figure 4. For example, if 3dB is added to delta Ppowerclass, then the high limit and low limit will both be decreased by 3dB. While, modifying the delta TRxSRS will only decrease the lower limit.


Figure 4 Pcmax comparison for delta Ppowerclass and delta TRxSRS

It was pointed out in last meeting that for some UEs with 23+26 PA configurations, if report TxD then with modification of delta Ppowerclass it will make this UE cannot use 26PA to transmit SRS. However, if the proposal in [2] is agreed, i.e. only UE with 23+23 can report TxD, then this problem will be no exist. And modify delta Ppowerclass for main antenna will be more accurate.

It should be noticed that the delta Ppowerclass here is only for the main antenna Tx power, i.e. compensate the TxD caused 3dB power difference comparing to power class. The IL caused by PCB routing still needs to be defined for delta TRxSRS, and it is 3dB or 4.5dB for different bands.

Proposal 5:         For 1T2R or 1T4R SRS switch
· the main antenna Tx power will be modified with 3dB delta Ppowerclass
· other antennas Tx power will be modified with delta TRxSRS, i.e. 3dB for bands lower than n79 and 4.5dB for n79

Proposal 6:         For 2T4R SRS switch, total Tx power of antennas other than main antennas will be modified with delta TRxSRS, i.e. 3dB for bands lower than n79 and 4.5dB for n79

2.4 SRS virtualization for other usages
It was pointed out in last meeting that SRS resources can be shared among different SRS resource sets with different usages. And now in TxD discussion it was agreed that when the usage is antenna switching then TxD is not allowed. Then it was asked the question “if the same SRS shared by two resource sets was required to not use UL AV in one set while need/mandatory to use UL AV in another resource set to adapt PUSCH for TxD, a contradicting condition may arise” [4].

In our understanding, antenna virtualization is not being standardized in RAN1, instead it is UE implementation specific issue. There is no mandating for UE to support antenna virtualization in certain SRS usage. 
When NW configure SRS resource set with usage “beamManagement, codebook or nonCodebook”, UE can choose to use or not use antenna virtualization and there is no hard limit in 3GPP spec. 
When SRS resources are shared between antenna switching and other usage, it is expected same hardware will be used among these usages. Then once antenna virtualization is forbidden from antenna switching, it makes virtualization cannot be used in other usages either. Not sure what could be the alternative implementation.
And after checking with RAN1, it seems this situation was discussed in RAN1 Rel-17 before, and it is up to implementation finally.

Observation 1:     When SRS resources are shared between different usages, same hardware is used in implementation.

Proposal 7:         TxD cannot be applied when SRS resources are shared between antenna switching and other usages due to same hardware are used.


3 Conclusion

Proposal 1:         Only consider TxD UE with two PC3 PAs for the PC2 SRS IL analysis.

Proposal 2:         For 1T4R SRS switch, antenna 0 is 3dB lower than power class, antenna 1/2/3 are 3dB for bands lower than n79 and 4.5dB for n79.

Proposal 3:         For 2T4R SRS switch, IL is defined only for 3rd and 4th antenna, and it is 3dB for bands lower than n79 and 4.5dB for n79.

Proposal 4:         For 1T2R SRS switch, antenna 0 is 3dB lower than power class, antenna 1 is 3dB for bands lower than n79 and 4.5dB for n79.

Proposal 5:         For 1T2R or 1T4R SRS switch
· the main antenna Tx power will be modified with 3dB delta Ppowerclass
· other antennas Tx power will be modified with delta TRxSRS, i.e. 3dB for bands lower than n79 and 4.5dB for n79

Proposal 6:         For 2T4R SRS switch, total Tx power of antennas other than main antennas will be modified with delta TRxSRS, i.e. 3dB for bands lower than n79 and 4.5dB for n79

Observation 1:     When SRS resources are shared between different usages, same hardware is used in implementation.

Proposal 7:         TxD cannot be applied when SRS resources are shared between antenna switching and other usages due to same hardware are used.
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