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Introduction
In RAN4#110, a discussion paper regarding Delta PpowerClass for 4Tx for SRS antenna switching [R4-2400341]. In this paper, a comprehensive analysis was provided showing that the preclusion of antenna virtualization by means of  ΔPPowerClass for SRS antenna switching has not been fully considered for 4Tx yet. A number of observations have been listed to show that the possible extension for 4Tx has more complications that 2Tx.
In this contribution, the related problem is discussed, and solutions were provided. A draft CR [3] is also attached.
Discussion
Background and analysis
In [1], it has been pointed out that requirements associated with ΔTRxSRS for 8Rx with 4Tx as well as 4Rx with 4Tx have not been completed yet. For example, one main issue is the existing ΔPPowerClass
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Although there was change about ΔPPowerClass as following for 8Rx, this actually did not consider the case of 4Tx. According to the valid and detailed analysis in [1], if we still counting on ΔPPowerClass to ensure no antenna virtualization for SRS antenna switching, then the result is as following:

4 x 23 dBm configuration
If UE with 4Tx for PC1.5 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
4 x 26 dBm configuration
· t4ry or similr, ΔPPowerClass is 0 dB;
· t2ry or similar, ΔPPowerClass is 0 dB; or
· t1ry or similar, ΔPPowerClass is 3 dB
2 x 26 dBm + 2 x 23 dBm configuration
· t4ry or similr, ΔPPowerClass is 0 dB;
· t2ry or similar, ΔPPowerClass can be 0 (2 x 26 dBm), 1.2(23 dBm + 26 dBm), or 3(23 dBm + 23 dBm) dB; or
· Even if there was a way to know the PA configuration, still it wouldn’t be clear if UE uses 2 x 26 dBm for the 1st port pair (ΔPPowerClass is 0 dB) and 2 x 23 dBm for the 2nd port pair(ΔPPowerClass is 3 dB), or if UE uses 2 x 26 dBm for the 1st as well as 2nd port pair (ΔPPowerClass is 0 dB), 26 dBm + 23 dBm for the 1st as well as 2nd port pair (ΔPPowerClass is 1.2 dB), etc;
· t1ry or similar, ΔPPowerClass can be 3 dB or 6 dB (if 26 dBm PA is used, ΔPPowerClass is 3 dB, else it must be 6 dB).
…
Observation 4: ΔPPowerClass can be different depending on combinations between configured SRS antenna switching resource, implemented PA configuration, how the UE uses PAs as pair like 26 dBm + 23 dBm, and their order, while there is no explicit way for gNB to identify the information.
…
Observation 5: For ΔPPowerClass for 4Tx/4Rx, 
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).
After careful analysis, the previous analysis is quite valid. The 4Tx is much more complex and flexible compared to 2Tx. Even for 4Tx TxD, there is no clear agreements that only 4x23dB architecture is acceptable. Even for 2*26+2*23 architecture, for t2ry or similar, ΔPPowerClass can be 0 (2 x 26 dBm), 1.2(23 dBm + 26 dBm), or 3(23 dBm + 23 dBm) dB. It is basically impossible for UE to obtain this detailed information. The following observation is provided: 
Observation 1. If only ΔPPowerClass is used for avoiding antenna virtualization in SRS antenna virtualization, the previous analysis in [1] is indeed valid, such as related to PA configurations, how to use the combinations, and very difficult or even impossible for gNB to know. 

It is apparent that it is desirable/needed to avoid defining requirements based on particular implementation which can not be known by the network. Usually in cases that some flexibility is needed to incorporate different implementations, some reference architectures are chosen, and also applicable to other implementations. This would introduce some relaxations for some architecture implementations, to simplify the requirements and leave flexibility for implementations. For example, the MPR/A-MPR, and various insertion losses are only applicable to lower edge of Pcmax, thus provide a flexibility on UE implementation.
However, the difficulty of ΔPPowerClass is it is a “mandatory” parameter that would revise both the upper and lower limits of Pcmax. For example, for 4*23dBm, the t1ry can only achieve 23dBm, while for 2*26+2*23 it can be either 23 or 26dBm, the ΔPPowerClass can only be 6/3 dB if depending on this parameter, and no single value can satisfy the requirements, even we think it may be acceptable to “relax” one of them.  In this situation, it is basically impossible to have any flexibility on this parameter. Thus make it difficult to reduce the scenarios that need to be considered in the requirements. 
Observation 2: Using ΔPPowerClass is strictly architecture decided, and applies to both upper and lower edge of Pcmax, making it difficult to adapt to different architectures by means of relaxation, such as IL requirements which apply only to the lower edge of Pcmax.

Actually, some flexibility/relaxation can be possible conceptually to verify UE’s behaviour. In another word, the current 3dB ΔPPowerClass developed for 2Tx TxD is not apt to 4Tx case anymore, and some relaxation for transmitted power can be considered in SRS antenna virtualization.
In 2Tx TxD case, there was an unusual agreement of architecture restriction to 2*23dBm, and the 3dB ΔPPowerClass is most originated. However, for 4Tx, it seems we do not have strict restriction even for 4Tx TxD, let alone other cases such as 2*26+2*23. Actually, all of these are just reference architectures, and even 1*26+3*23 or 3*26+21*3 are no reason to be excluded.
In addition, UE vendors basically have no interest to use antenna virtualization in SRS antenna switching, which will cause performance degradation. There is no clear benefit to set very strict requirements for the output power with no flexibility for different implementations.
Observation 3: Strict architecture restrictions currently for 2Tx TxD is no longer suitable for 4Tx cases, and using ΔPPowerClass without allowance of flexibility for different architectures for 4Tx is not only unnecessary, but also impossible in certain cases.

In this spirit, it is considered to introduce the insertion loss ΔTRxSRS for these scenarios originally only considered for ΔPPowerClass. Actually, this is already being used to accommodate 26+23 architecture for PC2, by adding 3dB more insertion loss for the case of “when the device is capable of power class 2 in the band and ΔPPowerClass = 0 dB and not indicating txDiversity-r16”. By this relaxation, the using of 23dBm RF chain is still allowed for a PC2 UE SRS antenna switching.
Observation 4: An extra insertion loss as defined in ΔTRxSRS is a very natural way to incorporate more flexible UE architecture and already been used in such a way in early releases.

However, it should be noted that this ΔTRxSRS cannot be applied in the “main” UL RF chain, and there are a long list of conditions for this in the spec such as:
“	∆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 't1r2' or 't1r1-t1r2' 
b)	….”
This is quite different from ΔPPowerClass which is applied to all the cases. So the conditions need to be extended to cover the “main” UL RF chain if ΔTRxSRS is used to cover more architectures for 4Tx.
Observation 5: The conditions need to be extended to cover the “main” UL RF chain if ΔTRxSRS is used to cover more architectures for 4Tx for actual power achievable.

Based on previous observations and analysis, as a general way, it is proposed to combine the current ΔPPowerClass and ΔTRxSRS to achieve the needed backoff with some flexibility for 4Tx.
Proposal 1: Combine the current ΔPPowerClass and ΔTRxSRS to achieve the needed backoff with some flexibility for 4Tx.
As an specific example, though not necessarily vice versa, it can reasonably assume that a 4*23dBm UE need to report TxD capability. In this particular architecture that any single chain is 6dB below PC1.5, and 6dB backoff is needed for t1ry. It can be consider to define 3dB for ΔPPowerClass and another 3dB as a relaxation and considered it into ΔTRxSRS. Of course, the conditions need also be supplemented to also cover the “main” UL RF chain which do not considered yet.
The details will be discussed in next section.
Solutions
In order to make more detailed analysis and comparison on how to arrange needed backoff in ΔPPowerClass and ΔTRxSRS respectively, the following analysis were copied again from [1]:
4 x 23 dBm configuration
If UE with 4Tx for PC1.5 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
4 x 26 dBm configuration
· t4ry or similr, ΔPPowerClass is 0 dB;
· t2ry or similar, ΔPPowerClass is 0 dB; or
· t1ry or similar, ΔPPowerClass is 3 dB
2 x 26 dBm + 2 x 23 dBm configuration
· t4ry or similr, ΔPPowerClass is 0 dB;
· t2ry or similar, ΔPPowerClass can be 0 (2 x 26 dBm), 1.2(23 dBm + 26 dBm), or 3(23 dBm + 23 dBm) dB; or
· Even if there was a way to know the PA configuration, still it wouldn’t be clear if UE uses 2 x 26 dBm for the 1st port pair (ΔPPowerClass is 0 dB) and 2 x 23 dBm for the 2nd port pair(ΔPPowerClass is 3 dB), or if UE uses 2 x 26 dBm for the 1st as well as 2nd port pair (ΔPPowerClass is 0 dB), 26 dBm + 23 dBm for the 1st as well as 2nd port pair (ΔPPowerClass is 1.2 dB), etc;
· t1ry or similar, ΔPPowerClass can be 3 dB or 6 dB (if 26 dBm PA is used, ΔPPowerClass is 3 dB, else it must be 6 dB).
The difference of the analyzed values would be compared with the current spec respectively for 4Tx.
· For t4ry, it can be seen that ΔPPowerClass is always 0dB for all the architectures, the current spec also is 0dB, so it is already aligned
· For t2ry, the condition is more complex, and the range is 0~3dBs depending on the architecture and how to use it. 
· For t1ry, ΔPPowerClass is 3dB or 6dB, depending on whether there is 26dBm PA available and also used. The current spec defined a fixed 3dB value for PC1.5, which may be 3dB less than actually needed, and this condition can not be decided by TxD capabilities alone.
Based on this analysis, the following proposal:
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

The next stage is discuss how to define requirements for 4Tx based on previous proposal.
For the ΔPPowerClass part, the current wording is:
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It can be seen that for 4Tx UE, all the current 4Tx UE assumes PC1.5. Although the original intention of this PC1.5 in this sentence is also a “sign” for TxD for 2Tx, it can actually also work for 4Tx cases, since PC1.5 is still a reasonable sign for not full power PA is available and a minimum of 3dB backoff is needed for a single Tx chain without antenna virtualization.
In addition, it can be seen the current requirements only cover t1ry case, which is also fits the previous analysis, that only for t1ry, 3dB is considered for ΔPPowerClass.
So, interestingly, it can be seen that the proposed ΔPPowerClass here is actually already aligned with current specifications. So  we can have the following proposal:
Proposal 3: For ΔPPowerClass specification, reuse the current following 3dB and the condition for it.	
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The Insertion loss part can be divided into two parts, “main” UL RF chain which do not allow ∆TRxSRS to be applied and others which allow ∆TRxSRS. 
For the “main” UL RF chain, according to what proposal 2 has been proposed, a 3dB relaxation is needed for all the configurations except t4ry cases.
Proposal 4: For 4Tx UE, the “main” UL RF path which currently do not allow ∆TRxSRS relaxation, define ∆TRxSRS as 3dB for all the configurations except for only support t4ry. 
A draft wording for the 1st part of ∆TRxSRS revision could be:
	∆TRxSRS is also applied during SRS transmission occasions with usage in SRS-ResourceSet set as ‘antennaSwitching’ when 
a)	UE transmits SRS on the first SRS resource in every configured SRS resource set when the SRS-TxSwitch capability is indicated as 't1r2' or 't1r1-t1r2' 
b)	UE transmits SRS on the first SRS resource 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 't1r4' or, 't1r4-t2r4' or 't1r1-t1r2-t1r4' or, 't1r1-t1r2-t2r2-t1r4-t2r4' 
c)	UE transmits SRS from the SRS port pair on the first SRS resource in every configured SRS resource set consisting of two SRS ports when the SRS-TxSwitch capability is indicated as ' t2r4' or ' t1r4-t2r4', or 't1r1-t1r2-t2r2-t2r4' or 't1r1-t1r2-t2r2-t1r4-t2r4', or
e)	UE transmits SRS on the first SRS resource of the total 8 SRS resources from all configured SRS resource set(s) consisting of one SRS port when the srs-AntennaSwitchingBeyond4RX-r17 capability is indicated as at least 't1r8', or
f) 	UE transmits SRS from the SRS port pair on the first SRS resource in every configured SRS resource set consisting of two SRS ports when the srs-AntennaSwitchingBeyond4RX-r17 capability is indicated as at least 't2r8', or
g) UE transmits SRS from the set of SRS ports on the first SRS resource in every configured SRS resource set consisting of four SRS ports when the srs-AntennaSwitchingBeyond4RX-r17 capability is indicated as at least 't4r8',
For UE with 4Tx, the following ∆TRxSRS applies according to the indicated SRS-TxSwitch or srs-AntennaSwitchingBeyond4RX-r17 capabilities:
if 't4r8' only is indicated:
-	The value of ∆TRxSRS is 0 dB 
else:
-		The value of ∆TRxSRS is 3 dB 

For the other UL pathes, a lot of discussions of ΔTRxSRS have already done and some latest CR is just agreed in [3]. There is already 3dB IL difference, which is introduced by different 26/23 RF chain. A question is raised that whether this 3dB flexibility is already enough for 4Tx?  
Our tentative answer is yes. According to proposal 1, the maximum insertion loss caused by architecture needed is 3dB. It is needed to add clarifications that 4Tx is applied to these 3dB relaxations, basically two options:
Proposal 5: Extend the applicability of current 3dB relaxation of ∆TRxSRS to 4Tx case. 

For the spec changes, there are two way of revisions.
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It is noted that the two options are basically the same, since all the 4Tx UE now is assumed as PC1.5. Option 1 is more simple in wording, but may be a bit difficult to understand; Option 2 is conceptually more correct, but more complicated in wording. The draft CR is based on one of them.

In addition, it can also be discussed whether this specification of ∆TRxSRS part, which is introduced in 8Rx, would be further impacted by 4Tx or not.
One minor revision could be revise all the “txdiversity-r16” to general wording “Tx diversity capability”. But the main part still the requirements.
Proposal 6: Discuss further the impact of 4Tx for ∆TRxSRS specification. 

Based on the previous analysis, a draft CR is proposed in [3].

Conclusion
In this paper, some further analysis were provided. 
Observation 1. If only ΔPPowerClass is used for avoiding antenna virtualization in SRS antenna virtualization, the previous analysis in [1] is indeed valid, such as related to PA configurations, how to use the combinations, and very difficult or even impossible for gNB to know. 
Observation 2: Using ΔPPowerClass is strictly architecture decided, and applies to both upper and lower edge of Pcmax, making it difficult to adapt to different architectures by means of relaxation, such as IL requirements which apply only to the lower edge of Pcmax.
Observation 3: Strict architecture restrictions currently for 2Tx TxD is no longer suitable for 4Tx cases, and using ΔPPowerClass without allowance of flexibility for different architectures for 4Tx is not only unnecessary, but also impossible in certain cases.
Observation 4: An extra insertion loss as defined in ΔTRxSRS is a very natural way to incorporate more flexible UE architecture and already been used in such a way in early releases.
Observation 5: The conditions need to be extended to cover the “main” UL RF chain if ΔTRxSRS is used to cover more architectures for 4Tx for actual power achievable.

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 ∆TRxSRS relaxation, define ∆TRxSRS as 3dB for all the configurations except for only support t4ry. 
Proposal 5: Extend the applicability of current 3dB relaxation of ∆TRxSRS to 4Tx case. 
Proposal 6: Discuss further the impact of 4Tx for ∆TRxSRS specification. 

Based on the previous analysis, a draft CR is proposed in [3].
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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 capable UE
with txDiversity-r16 capability or PC1.5 capable UE further indicates SRS-TxSwitch capability ‘t112" or
‘t1r4” or ‘tlrl-t1r2’ or ‘tlrl-tlr2-tlr4’ or further indicates srs-dntennaSwitchingBeyond4RX-r17 as ‘t1r8’;
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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 capable UE

with txDiversity-r16 or exDiversity2Tx-r18 capability or PC1.5 capable UE further indicates SRS-TxSwitch
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