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Introduction 
[bookmark: _Hlk165944060]In RAN4#110, an issue was raised in [1] that ΔPPowerClass requirement for antenna switching (AS) is incomplete for 4Tx case, where a detailed analysis is provided on how the value should be set for different PA configurations. In RAN4#110-bis, another solution was proposed in [2] which combines the existing ΔPPowerClass requirement with an updated (extended) ΔTRxSRS requirement in an attempt to cover all possible PA configuration architectures by allowing an additional relaxation. In this contribution, we highlight the drawbacks of the above-mentioned solutions and propose a solution which provides a good balance between the simplicity and performance. The approved WF [3] from RAN4#110-bis captures the different solutions with some main “pros” and “cons” listed.
Discussion
ΔPPowerClass requirement for SRS AS for 2Tx
ΔPPowerClass requirement definition has been extended in Rel-17 (and updated in Rel-18 to account for 8Rx case) to apply for SRS transmission occasions with usage in SRS-ResourceSet set as ‘antennaSwitching’. The main motivation was to prevent UEs which indicate PC1.5 or PC2 together with txDiversity-r16 to virtualize the SRS ports by using 2 Tx chains. The following is an excerpt from TS-38.101-1 V18.5.0:

	[bookmark: _Hlk166078281]-	3dB is applied during SRS transmission occasions with usage in SRS-ResourceSet set as ‘antennaSwitching’ with configured SRS resources in each SRS resource set(s) consisting of one SRS port when PC2 UE with txDiversity-r16 or txDiversity2Tx-r18 capability or PC1.5 UE further indicates SRS-TxSwitch capability ‘t1r2’ or ‘t1r4’ or ‘t1r1-t1r2’ or ‘t1r1-t1r2-t1r4’ or further indicates srs-AntennaSwitchingBeyond4RX-r17 as ‘t1r8’;



If such requirement didn’t exist, e.g. the PC2 UE indicating txDiversity-r16 capability would be assumed to use two half-power PAs of 23dBm to achieve 26dBm by virtualization even for ‘t1ry’ (y=2,4,8) indicated AS capabilities, which shall not be allowed. Even if such UE was equipped with one PA of 26dBm, there would be no way for gNB to know it and even if it would, the gNB wouldn’t know whether PA of 23dBm or 26dBm was used for SRS sounding of the given Rx branch. By applying ΔPPowerClass = 3dB such uncertainty at the gNB is avoided, where the improvement in accuracy of channel estimation by avoiding such uncertainty overcomes the drawback of “unnecessarily” capping the SRS transmission power to 23dBm for some UE implementations where 26dBm could be achieved with one PA. An obvious work-around for such UEs equipped with a PA of 26dBm, which is used for sounding of all SRS ports, is not to indicate txDiversity-r16 or txDiversity2Tx-r18 capability (which would make ΔPPowerClass = 0 dB). 

We would like to note that the antenna virtualization is not completely prevented even by this solution as e.g. nothing prevents the PC3 UE to achieve 23dBm by setting the power of the two PAs to 20dBm+20dBm (using the power back-off at both PAs). However, the probability of SRS virtualization is reduced.

Observation 1: ΔPPowerClass requirement definition has been extended in Rel-17 to apply for SRS transmission occasions with usage in SRS-ResourceSet set as ‘antennaSwitching’, where the main motivation was to prevent UEs which indicate PC1.5 or PC2 together with txDiversity-r16 to virtualize the SRS ports by using 2 Tx chains.

On the other hand, motivated by a very particular case where a UE is equipped with both a PA of 26dBm and a PA of 23dBm and where the UE does not indicate txDiversity-r16 or txDiversity2Tx-r18 capability and where some SRS ports are sounded with 26dBm PA and others are sounded with 23dBm PA, ΔTRxSRS requirement was further relaxed by 3dB as it can be seen in the following excerpt from TS-38.101-1 V18.5.0 for ‘t1r2’ and some other AS capabilities:

	[bookmark: _Hlk165945332][bookmark: _Hlk162454163]-	The value of ∆TRxSRS is 4.5dB for bands whose FUL_high is higher than the FUL_low of n79 and 3 dB for bands whose FUL_high is lower than the FUL_low of n79 when the device is power class 3 or power class 5 or power class 1.5 in the band, or when the device is power class 2 in the band and ΔPPowerClass = 3 dB, or when UE indicating Tx diversity capability.
-	The value of ∆TRxSRS is 7.5dB for bands whose FUL_high is higher than the FUL_low of n79 and 6 dB for bands whose FUL_high is lower than the FUL_low of n79 during SRS transmission occasions with configured SRS resources consisting of one SRS port when the device is power class 2 in the band and ΔPPowerClass = 0 dB and not indicating Tx diversity capability.



The problem with this solution is that additional 3dB relaxation of ΔTRxSRS is also allowed for UEs equipped uniquely with PAs of 26dBm or for UEs equipped with both 23dBm and 26dBm PAs and where only the PA of 26dBm is used for SRS sounding. The main cause of that problem is that ΔTRxSRS was used to address the above-mentioned scenario, which is a maximum allowed relaxation due to insertion loss and where the actual relaxation can be any value between 0dB and the value of ΔTRxSRS. For that reason, the uncertainty at gNB remains (and even increases), so there is basically no use from increasing the power of SRS transmission if the gNB cannot know what power was used (since the purpose of ‘antennaSwitching’ usage of SRS is the accurate channel estimation).

Observation 2: The introduction of additional 3dB relaxation of ΔTRxSRS was motivated by the case of a UE sounding some SRS ports with 26dBm while other with 23dBm. Due to the nature of ΔTRxSRS, which is a maximum allowed relaxation, UEs equipped with only PAs of 26dBm or with both 23dBm and 26dBm PAs and where PA of 26dBm is used for SRS sounding could also apply the relaxed values of ΔTRxSRS which should not be allowed. 

Proposal 1: To address the power limitation issue for SRS transmissions for AS for UEs equipped with 4 Tx chains, avoid combining ΔPPowerClass and ΔTRxSRS requirements since those two have a different nature and introduce uncertainty at the gNB and thus degrade the channel estimation accuracy.

[bookmark: _Hlk165948679]Solutions for ΔPPowerClass for SRS AS for 4Tx
2.1.1   Drawbacks of the solution proposed in R4-2400341
In [1], the proposed solution only relies on ΔPPowerClass:
	If the UE with 4Tx for PC1.5 with 4TxD capability (assuming 23 dBm x 4) is configured with SRS resources corresponding to
· t4ry or similar, ΔPPowerClass is 0 dB;
· t2ry or similar, ΔPPowerClass is 3 dB, or
· t1ry or similar, ΔPPowerClass is 6 dB
If the UE with 4Tx for PC1.5 without 4TxD capability (assuming 2 x 26 dBm + 2 x 23 dBm or 4 x 26 dBm) and if RAN4 follows a way mentioned in Observation 2, possible ΔPPowerClass is as follows.
· t4ry or similr, ΔPPowerClass is 0 dB;
· t2ry or similar, ΔPPowerClass is 0 dB for the 1st port pair and 3 dB for the second port pair; or
· t1ry or similar, ΔPPowerClass is 3 dB (for the 1st and 2nd SRS resource) and 6 (for the 3rd and 4th SRS resource).



In this solution, the applicable ΔPPowerClass value depends on whether 4TxD capability is indicated by the UE. 
One drawback of this solution is that for the cases of no 4TxD capability being indicated, the SRS ports are not sounded with the same power which is not quite desired from the uncertainty perspective at the gNB. 
The other drawback is that even if the UE doesn’t indicate 4TxD capability it does not necessarily mean that it is equipped with at least 2 PAs of 26 dBm (there may be only one). That could “force” the UE to virtualize two SRS ports to achieve 26 dBm at the 2nd SRS resource.
Observation 3: The drawbacks of the solution proposed in R4-2400341 are that for the case of no 4TxD capability being indicated, SRS ports are not sounded with the same power and also in that case there is no guarantee that the UE is equipped with at least two PAs of 26dBm.

2.1.2   Drawbacks of the solution proposed in R4-2404658
In [2], the proposed solution suggests combining the existing ΔPPowerClass requirement with the “extended” ΔTRxSRS requirement and it is described with the following set of proposals:
	Proposal 1: Combine the current ΔPPowerClass and ΔTRxSRS to achieve the needed backoff with some flexibility for 4Tx.
Proposal 2: The following ΔPPowerClass and IL are suggested, considering all possible architectures for 4Tx:
· For t4ry, set ΔPPowerClass = 0dB, no further relaxation by IL is needed
· For t2ry, set ΔPPowerClass = 0dB, 3dB more relaxation by IL is needed
· For t1ry, set ΔPPowerClass = 3dB, 3dB more relaxation by IL is needed
Proposal 3: For ΔPPowerClass specification, reuse the current following 3dB and the condition for it.	
Proposal 4: For 4Tx UE, sthe “main” UL RF path which currently do not allow  ΔTRxSRS relaxation, define ΔTRxSRS as 3dB for all the configurations except for only support t4ry. 
Proposal 5: Extend the applicability of current 3dB relaxation of ΔTRxSRS to 4Tx case. 
Proposal 6: Discuss further the impact of 4Tx for ΔTRxSRS specification. 



[bookmark: _Hlk165948438]The main drawback of this solution is the usage of ΔTRxSRS requirement to address the issue, as explained in clause 2.1. We will illustrate the problem with it again on the example of indicated ‘t1ry’ AS capability: ΔPPowerClass is set to 3dB in this case which is a mandatory power reduction, allowing the UEs to sound the SRS ports by up to 26 dBm (since PC1.5 is always assumed for 4Tx case and currently there are no UEs equipped with 29dBm PAs). Additional ΔTRxSRS is proposed to be 3dB with the idea to apply it to UEs equipped with at least one 23 dBm PA and SRS transmission occasions where such PA is used, and allowing the smaller value, i.e. 0dB, for SRS transmission occasions where the UE is using a 26 dBm PA. 
The problem is that such UEs which are equipped with at least one 26 dBm PA which is used for SRS sounding are also allowed to use the relaxed value of ΔTRxSRS, and unlike the 2Tx case it is proposed to also allow it for the first SRS port (the main branch), which would make the problem even worse.
Not only that ΔTRxSRS would be unnecessarily relaxed in the number of cases, but due to its nature that it is a maximum allowed relaxation where the actual value could be any smaller value down to 0dB, the uncertainty at the gNB would be quite big which would very negatively affect the accuracy of the channel estimation.
Observation 4: The main drawback of the solution proposed in R4-2404658 is that the additionally relaxed ΔTRxSRS allows unnecessary relaxation in the number of cases, e.g. the UE equipped with at least one PA of 26 dBm indicating ‘t1ry’ AS capability. The uncertainty of SRS transmission power at the gNB would be even larger which would very negatively affect the channel estimation accuracy.

2.1.3   Proposed solution for SRS AS for 4Tx
Similar to 2Tx case where ΔPPowerClass requirement definition was extended in Rel-17 to apply for SRS AS, we propose a rather simple solution for 4Tx case which takes into account the important points raised in previous clauses and which also solely relies on ΔPPowerClass requirement.
We propose that different values should be applicable for ΔPPowerClass as a function of the indicated AS capability:
· For ‘t4ry’ AS capability, ΔPPowerClass = 0 dB.
· For ‘t2ry’ and similar AS capabilities, ΔPPowerClass = 3 dB.
· For ‘t1ry’ and similar AS capabilities, ΔPPowerClass = 6 dB.
With this solution the uncertainty at the gNB on SRS transmission power being used is minimized. In our view the fact that e.g. the UE equipped with at least one PA of 26 dBm indicating ‘t1ry’ AS capability cannot sound an SRS port with 26 dBm power is not really a drawback since there would be no way for the gNB to know its power setting and thus the accuracy of the channel estimation would be negatively affected. Thus, the absence of knowledge of the increased SRS power being used for AS may introduce performance degradation rather than a gain.
Observation 5: The absence of knowledge of the increased SRS power being used for AS may introduce performance degradation rather than a gain.

Proposal 2: We propose that different values should be applicable for ΔPPowerClass as a function of the indicated AS capability:
· For ‘t4ry’ AS capability, ΔPPowerClass = 0 dB.
· For ‘t2ry’ and similar AS capabilities, ΔPPowerClass = 3 dB.
· For ‘t1ry’ and similar AS capabilities, ΔPPowerClass = 6 dB.
Extending ΔPPowerClass definition in the specifications in this way leads however to the scenario where for a PC1.5 UE and “t1ry or similar” indicated AS capability, the applicable value of ΔPPowerClass depends on the number of equipped Tx chains by the UE. The issue is that the gNB cannot always know the number of Tx chains the UE is equipped with and thus whether the UE applies ΔPPowerClass of 3 dB (2 Tx chains) or 6 dB (4 Tx chains). That information can be derived from some reported UE capabilities, e.g. maxNumberMIMO-LayersCB-PUSCH or maxNumberMIMO-LayersNonCB-PUSCH, txDiversity2Tx-r18, txDiversity4Tx-r18 etc. but since those capabilities are not mandatory there is no guarantee that the UE will report one of these.

Observation 6: Ultimately, there is no perfect solution among the ones proposed so far, but we still believe that our proposed one (Proposal 2) would minimize the uncertainty at the gNB and thus maximize the performance of the channel state estimation in the field, which is the main goal of the antenna switching usage of SRS. 

For this meeting, we have also submitted a CR [4] which implements the proposed changes from Proposal 2.

[bookmark: _Hlk166078882][bookmark: _Hlk166078925]We would like to mention (and dare to propose) that there is actually a solution which would solve all of the mentioned problems but to which unfortunately some companies have been reluctant in the past: the UE could report the appropriate ΔPPowerClass depending on its PA configuration. For example, if a PC1.5 UE is equipped with 1 x 26 dBm + 3 x 23 dBm PAs configuration and indicates “t1ry or similar” AS capability, it could report  ΔPPowerClass = 3 dB for the first SRS port and ΔPPowerClass = 6 dB for the second, third and fourth SRS ports. In that way both the transmitted power of each SRS port would be maximized and there would be no uncertainty at the gNB about the SRS transmission power being used and thus the performance of the channel estimation would be maximized.

In the current version of TS38.101-1 specification, ΔPPowerClass is reported but only in limited scenarios:

	NOTE: 	UE reports ∆PPowerClass when [∆PPowerClass reporting capability XXX-r18 is present], dpc-Reporting-FR1 [7] is configured and the reporting is triggered only by uplink duty cycle exceedance or by return to the ue-PowerClass after the duty cycle exceedance.



Nevertheless, since ΔPPowerClass reporting is already present in the specifications, its extension would not induce too big specification changes.

Proposal 3: The optimal solution from the channel estimation performance perspective, which we would prefer if it were acceptable for all companies, is to let the UE report the appropriate ΔPPowerClass depending on its PA configuration. That would allow reporting a different ΔPPowerClass for different SRS ports. With such solution both the transmitted power of each SRS port would be maximized and there would be no uncertainty at the gNB regarding the SRS transmission power. 

Conclusion
In the previous sections, we made the following observations: 
Observation 1: ΔPPowerClass requirement definition has been extended in Rel-17 to apply for SRS transmission occasions with usage in SRS-ResourceSet set as ‘antennaSwitching’, where the main motivation was to prevent UEs which indicate PC1.5 or PC2 together with txDiversity-r16 to virtualize the SRS ports by using 2 Tx chains.

Observation 2: The introduction of additional 3dB relaxation of ΔTRxSRS was motivated by the case of a UE sounding some SRS ports with 26dBm while other with 23dBm. Due to the nature of ΔTRxSRS, which is a maximum allowed relaxation, UEs equipped with only PAs of 26dBm or with both 23dBm and 26dBm PAs and where PA of 26dBm is used for SRS sounding could also apply the relaxed values of ΔTRxSRS which should not be allowed. 

Observation 3: The drawbacks of the solution proposed in R4-2400341 are that for the case of no 4TxD capability being indicated, SRS ports are not sounded with the same power and also in that case there is no guarantee that the UE is equipped with at least two PAs of 26dBm.

Observation 4: The main drawback of the solution proposed in R4-2404658 is that the additionally relaxed ΔTRxSRS allows unnecessary relaxation in the number of cases, e.g. the UE equipped with at least one PA of 26 dBm indicating ‘t1ry’ AS capability. The uncertainty of SRS transmission power at the gNB would be even larger which would very negatively affect the channel estimation accuracy.

Observation 5: The absence of knowledge of the increased SRS power being used for AS may introduce performance degradation rather than a gain.

Observation 6: Ultimately, there is no perfect solution among the ones proposed so far, but we still believe that our proposed one (Proposal 2) would minimize the uncertainty at the gNB and thus maximize the performance of the channel state estimation in the field, which is the main goal of the antenna switching usage of SRS. 

We made the following proposals: 

Proposal 1: To address the power limitation issue for SRS transmissions for AS for UEs equipped with 4 Tx chains, avoid combining ΔPPowerClass and ΔTRxSRS requirements since those two have a different nature and introduce uncertainty at the gNB and thus degrade the channel estimation accuracy.
Proposal 2: We propose that different values should be applicable for ΔPPowerClass as a function of the indicated AS capability:
· For ‘t4ry’ AS capability, ΔPPowerClass = 0 dB.
· For ‘t2ry’ and similar AS capabilities, ΔPPowerClass = 3 dB.
· For ‘t1ry’ and similar AS capabilities, ΔPPowerClass = 6 dB.
Proposal 3: The optimal solution from the channel estimation performance perspective, which we would prefer if it were acceptable for all companies, is to let the UE report the appropriate ΔPPowerClass depending on its PA configuration. That would allow reporting a different ΔPPowerClass for different SRS ports. With such solution both the transmitted power of each SRS port would be maximized and there would be no uncertainty at the gNB regarding the SRS transmission power. 
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