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Introduction
This contribution discusses issues raised in [1] for ΔPPowerClass and ΔTRxSRS for 4Tx for SRS antenna switching based on an approved WF [2] that listed following options.
Option 1: Combine the ΔPPowerClass and ΔTRxSRS to achieve the needed backoff with some flexibility for 4Tx.
Option 2: Using fixed ΔPPowerClass for 4Tx based on the minimum capability architecture, i.e. 4*23 dBm. 
Option 3: Keep it as it is and do not define new requirements for 4Tx. (Default)
Option 4: Other solutions or variants of previous solutions not precluded.
Discussion
Overview
Simply put, all the options 1, 2 and 3 aren’t practical due to following reasons as summarized in Table 2.1-1, although we understand the challenges in finding a perfect solution.
Table 2.1-1: Views on the respective Options in [2]
	Option
	Outline
	Views

	1
	Combine the ΔPPowerClass and ΔTRxSRS to achieve the needed backoff with some flexibility for 4Tx.
	Too complicated or not clear what to do unless we always allow UE to use the sum of maximum possible ΔPPowerClass and ΔTRxSRS, even though they always do not occur simultaneously. Also it must not be correct to apply the sum to both PCMAX_L,f,c and PCMAX_H,f,c., since ΔTRxSRS alone shouldn’t impact on PCMAX_H,f,c.

	2
	Using fixed ΔPPowerClass for 4Tx based on the minimum capability architecture, i.e., 4*23 dBm
	Too pessimistic and too restrictive
Even if UE has 26 dBm x 4 PAs, the power per port for t1ry is capped by 23 dBm if ΔPPowerClass is fixed to 6 dB.

	3
	Keep it as it is and do not define new requirements for 4Tx. (Default)
	Too aggressive
If network configures UE (with, e.g., 23dBm x 4 PA configuration) with SRS resources for t1ry and If ΔPPowerClass = 3 dB is kept as it is now, the UE shall achieve 26 dBm


One possible root cause to make it challenging for RAN4 to find suitable requirements is that the current 38.101-1 has already mixed ΔPPowerClass and ΔTRxSRS in some cases. This comes from specifically following reasons.
· Allow a specific implementation such that UE with 26 dBm + 23 dBm PA, but the UE does not use 26 dBm PA to transmit SRS from other than main antenna to keep maximum power the same as that of the advertised power class. If ΔPPowerClass is 0 dB, the UE cannot hold the same power ability for SRS transmission via the antenna(s) other than the main antenna. Thus, ΔTRxSRS is relaxed by 3 dB instead.
· The above was a desperate measure, since if ΔPPowerClass is 3 dB, both PCMAX_L,f,c and PCMAX_H,f,c are decreased by 3 dB so that the UE cannot allow to achieve PC2 from the main antenna.
Observation 1: Current specification for 2Tx allows a specific implementation such that UE with 26 + 23 dBm PA, but the UE does not use 26 dBm PA to transmit SRS from other than main antenna to keep maximum power the same as that of the advertised power class. For this purpose, ΔPPowerClass is kept 0 dB, while, ΔTRxSRS is relaxed by 3 dB instead.    
The above is related to the Option 1. RAN4 has assumed three PA configurations for 4Tx, i.e., 23 dBm x 4, 26 dBm x 4 or 23 dBm x 2 + 26 dBm x 2 to achieve 4Tx PC1.5. Therefore, achievable power by UE with 4Tx per SRS transmission occasion has more variation than that with 2Tx. More specifically, we need to consider t1ry (23 or 26dBm@one port at a time), t2ry (26, 29 or 27.8 dBm@two ports at a time) and t4ry (29 dBm@four ports at a time). 
Observation 2: Applying the same principle for 2Tx written in Observation 1 to 4Tx makes requirements even more complicated, since achievable power by UE with 4Tx per SRS transmission occasion has variation such that 23 or 26dBm@one port for t1ry, 26, 29 or 27.8 dBm@two ports for t2ry and 29 dBm@four ports.    
In addition, mixing ΔPPowerClass and ΔTRxSRS will lead to confusion when solution for power imbalance across ports is discussed, since the current requirements mean that in some cases ΔTRxSRS include both PA power ability and IL, and in some other cases, it doesn’t include only IL. 
Observation 3: Mixing ΔPPowerClass and ΔTRxSRS will lead to confusion when solution for power imbalance across ports is discussed, since the current requirements mean that in some cases ΔTRxSRS include both PA power ability and IL, and in some other cases, it doesn’t include only IL.    
Moreover, this makes the specification more redundant as follows. The texts in each bullet enclosed by red line include 3 dB larger ΔTRxSRS values than those in corresponding right above bullet.
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Another possible root cause is ΔPPowerClass is 3 dB if UE indicates txDiversity-r16 to avoid the situation that the UE uses antenna virtualization to achieve the advertised power class with two Tx chains. If this is extended to PC1.5 UE with 4Tx with all assumed PA configurations with ΔPPowerClass of 6 dB, e.g., for t1ry, the requirement becomes too pessimistic and it doesn’t allow UE to transmit 26 dBm even if the UE implements 26 dBm x 4 PA configurations. 
Observation 4: Extending a way for PC2 2Tx to avoid antenna virtualization to PC1.5 UE with 4Tx makes the requirement become too pessimistic and it doesn’t allow UE to transmit 26 dBm even if the UE implements 26 dBm x 4 PA configurations if ΔPPowerClass of 6 dB is applied.
Now the question is should we keep using the above principles for 4Tx. The requirements for 2Tx have become already more complicated due to introduction of 8Rx. If we keep the same way to avoid antenna virtualization for 4Tx and with 8Rx, the requirements will become even more complicated. 
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As can be seen from the above example, if there are Tx branches with larger insertion loss, even if we cap the upper bound by 23 dBm with ΔPPowerClass, it allows UE to use antenna virtualization. If we keep using the same principles for 4Tx, the requirements become more and more complicated, while nothing originally expected is achieved.
Observation 5: Extending a way for PC2 2Tx to avoid antenna virtualization to PC1.5 UE with 4Tx will not function unless ΔPPowerClass is set to “6 dB + ΔTRxSRS”, since if ΔTRxSRS is larger than or equal to 3 dB, even UE uses two 23 dBm PAs at a time, the total power is less or almost the same as that from 23 dBm from main port with ΔTRxSRS with 0 dB.
As such, it is not easy to restrict requirements to a specific UE implementation while it restricts some other useful implementation and makes specification complicated and less understandable as well as specification development more difficult. Since people know the purpose of SRS antenna switching, it is quite less likely that UEs dare to use antenna virtualization during SRS antenna switching. 
Observation 6: From Observation 1 to 5, extension of the current ways for 2Tx dedicated to a certain implementation or to avoid certain implementation doesn’t function unless more complicated requirements are introduced or even larger relaxation is introduced.
Proposal 1: Do not make ΔTRxSRS include PA ability, i.e., decouple ΔPPowerClass and ΔTRxSRS    
Proposal 2: Do not lower PCMAX_H,f,c depending on the number of SRS ports in each SRS transmission occasion due to variation of PA configurations    
How to incorporate the new principles into specification
The challenge comes from the fact that ΔPPowerClass is applicable to both PCMAX_L,f,c and PCMAX_H,f,c. One way is to introduce a completely new parameter that applies to only PCMAX_L,f,c. It, however, leads to drastic specification changes. Hence, we propose to apply ΔPPowerClass to only PCMAX_L,f,c in case of SRS antenna switching.
Proposal 3: Apply ΔPPowerClass to only PCMAX_L,f,c as exception in case of SRS antenna switching as follows.
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It’s noted that the values in the table in Proposal 3 come from following reasons. 
Currently, 3 dB is used under yellow text condition that corresponds to t1ry in the above table as abbreviation. However, ΔPPowerClass = 0 dB when UE transmits SRS from the SRS port pair in every configured SRS resource set consisting of two SRS ports, because the UE shall be able to achieve 26 dBm even if the UE’s PA configuration is 23 dBm x 2. These corresponds to the bottom two rows in the above table. 
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’;
Now, for 4Tx, we have assumed three PA configurations. For t1ry patterns, we set ΔPPowerClass = 6 dB and apply it to PCMAX_L,f,c to accommodate 23 dBm x 4 PA configuration. This also allows UE to use 26 dBm or 23 dBm PA if UE’s PA configuration is 26 dBm x 4 or 23 dBm x 2 + 26 dBm x 2. Accordingly, when UE transmits SRS from the SRS port pair in every configured SRS resource set consisting of two SRS ports, the UE even with 23 dBm x 4 PA configuration can achieve 26 dBm in total so that ΔPPowerClass = 3 dB. If t4ry SRS configuration is considered, UE even with 23 dBm x 4 can achieve 29 dBm so that ΔPPowerClass = 0 dB.
Proposal 4: Remove following texts and similar from the specification if Proposal 3 is agreed.
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Summary
We obtained following observations and proposals. 
Observation 1: Current specification for 2Tx allows a specific implementation such that UE with 26 + 23 dBm PA, but the UE does not use 26 dBm PA to transmit SRS from other than main antenna to keep maximum power the same as that of the advertised power class. For this purpose, ΔPPowerClass is kept 0 dB, while, ΔTRxSRS is relaxed by 3 dB instead.    
Observation 2: Applying the same principle for 2Tx written in Observation 1 to 4Tx makes requirements even more complicated, since achievable power by UE with 4Tx per SRS transmission occasion has variation such that 23 or 26dBm@one port for t1ry, 26, 29 or 27.8 dBm@two ports for t2ry and 29 dBm@four ports.    
Observation 3: Mixing ΔPPowerClass and ΔTRxSRS will lead to confusion when solution for power imbalance across ports is discussed, since the current requirements mean that in some cases ΔTRxSRS include both PA power ability and IL, and in some other cases, it doesn’t include only IL.
Observation 4: Extending a way for PC2 2Tx to avoid antenna virtualization to PC1.5 UE with 4Tx makes the requirement become too pessimistic and it doesn’t allow UE to transmit 26 dBm even if the UE implements 26 dBm x 4 PA configurations if ΔPPowerClass of 6 dB is applied.
Observation 5: Extending a way for PC2 2Tx to avoid antenna virtualization to PC1.5 UE with 4Tx will not function unless ΔPPowerClass is set to “6 dB + ΔTRxSRS”, since if ΔTRxSRS is larger than or equal to 3 dB, even UE uses two 23 dBm PAs at a time, the total power is less or almost the same as that from 23 dBm from main port with ΔTRxSRS with 0 dB.
Observation 6: From Observation 1 to 5, extension of the current ways for 2Tx dedicated to a certain implementation or to avoid certain implementation doesn’t function unless more complicated requirements are introduced or even larger relaxation is introduced.
Proposal 1: Do not make ΔTRxSRS include PA ability, i.e., decouple ΔPPowerClass and ΔTRxSRS    
Proposal 2: Do not lower PCMAX_H,f,c depending on the number of SRS ports in each SRS transmission occasion due to variation of PA configurations    
Proposal 3: Apply ΔPPowerClass to only PCMAX_L,f,c as exception in case of SRS antenna switching as follows.
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Proposal 4: Remove following texts and similar from the specification if Proposal 3 is agreed.
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