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Introduction
This contribution discusses how to handle ΔPPowerClass for 4Tx associated with SRS antenna switching.
Discussion
General
RAN4#109 approved a draft CR [1] for 8Rx introduction. The CR addressed the requirements corresponding in Area (i) in a below Figure 1, while it didn’t address those in Area (ii) and (iii) in Figure 1. It is noted that on top of the number of Rx and Tx, some other aspects, e.g., a new power class also may impact on requirements associated with ΔTRxSRS, but 4Tx in Rel-18 introduced only PC1.5 so that for simplicity, only the number of Rx and Tx is parameterized in Figure 1, i.e., no additional dimension/axis due to power class. 
It is understandable that the CR of [1] didn’t address (ii) and (iii) in Figure 1, since requirements for 4Tx had not been completed yet at that time. Alternatively, 4Tx CR of [2] should have covered at least requirements in (ii), though it was too late to say it.  
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Figure 1: Impact on ΔTRxSRS associated requirements by the number of Rx and Tx
For example, there is a following change about ΔPPowerClass in the CR [1].
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It addresses cases for PC2 or 1.5 2Tx capable UEs with up to 8Rx, i.e., area (i). 
From Area (ii) perspective, if 4Tx UE with PC1.5 with e.g., 23 dBm x 4, indicates e.g., ‘t1r4’ and SRS resources corresponding to ‘t1r4’ is configured with the UE, the corresponding ΔPPowerClass must not be 3 dB, but rather 6 dB assuming that antenna virtualization is not applicable. Additionally, if 4Tx UE with PC1.5 indicates e.g., ‘t2r4’ and SRS resources corresponding to ‘t2r4’ is configured with the UE, ΔPPowerClass must be 3 dB, since the attainable power of the respective transmission is 26 dBm (23 dBm x 2) each at maximum. Similar observations in area (ii) also apply to Area (iii). In short, not one hop, but rather consideration of three hops is needed due to 4Tx (4Tx  2Tx, 2Tx  1Tx and 4Tx  1Tx).
Observation 1: Requirements associated with ΔTRxSRS for 8Rx with 4Tx as well as 4Rx with 4Tx have not been completed yet. 
Handling of ΔPPowerClass and ΔTRxSRS
Review of ΔPPowerClass and ΔTRxSRS for PC2 or PC1.5 up to 2Tx/4Rx
One of the challenges in understanding the existing requirements for ΔPPowerClass and ΔTRxSRS is that ΔPPowerClass for SRS antenna switch is specified at a place as one of the ΔPPowerClass definitions as an excerption shown below, while ΔPPowerClass can be also seen in a place where ΔTRxSRS valuse are defined as shown in a next excerption.
Observation 2: Some of ΔTRxSRS requirements are assocaited with the value of ΔPPowerClass.
ΔPPowerClass specific part in 38.101-1 (Rel-17)
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This part simply says that ΔPPowerClass is 3 dB if 1Tx is used at a time of SRS transmission assuming that 23 dBm capable PA x 2 for PC2 with TxD or 26 dBm PA x 2 for PC1.5 (regardless of the indication of TxD).
ΔTRxSRS specific part in 38.101-1 (Rel-17)
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Top block
The texts underlined with blue line; 
They correspond to ΔPPowerClass definition specified in ΔPPowerClass part. 
The text underlined with green line; 
It says that whatever the reasons, if ΔPPowerClass of PC2 UE is 3 dB, the captured ΔTRxSRS in the top block is applicable. Since it is not always possible to precisely know if ΔPPowerClass is 3 dB or not, this part is practically difficult to apply correctly. 
Bottom block
The enclosed part with red line;
This part was introduced due to the reason that some UEs with 26 dBm + 23 dBm PA configuration may want to make the main Tx chain’s performance the best so that they don’t use the main Tx chain to transmit SRS via other Rx antenna(s) so that the UEs always use 23 dBm capable PA for SRS transmission other than the 1st SRS resource transmission. Hence, even if the ΔPPowerClass is 0 dB, they cannot attain the advertized power class via other Rx antenna(s). Thus, ΔTRxSRS is increased by 3 dB compared to the values specified in the Top block. Another aspect of this part is that the current specification allows UEs with 26 dBm + 26 dBm PA configuration to use this exception, since it is not possible precisely to identify UE’s PA configuration from signalling (gNB may be able to speculate the configuration via e.g., supported UL full power transmission mode, but still it is a matter of speculation).
Observation 3: A following exceptional relaxation is applicable to not only 26 dBm + 23 dBm PA configuration, but rather 26 dBm + 26 dBm PA configuration for PC2. 
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 capable of power class 2 in the band and ΔPPowerClass = 0 dB and not indicating txDiversity-r16.
ΔPPowerClass for PC1.5 for 4Tx/4Rx
This subsection discusses the impact of 4Tx for PC1.5 onto ΔPPowerClass. It is noted that here we focus on 4Tx/4Rx since without settling down requirements for 4Tx/4Rx, there is no progress on 4Tx/8Rx which is more complex than 4Tx/4Rx.
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).
With the current specifications, only what gNB can correctly know, however, is that whether a UE implements 23 dBm x 4 PA configuration or not via 4TxD capability if RAN4 defines the indication of the capability as 23 dBm x 4 PA configuration like PC2 (23 dBm x 2) TxD. It is still not possible for gNB to precisely understand whether the UE implements 4 x 26 dBm configuration or 2 x 26 dBm + 2 x 23 dBm or not, although it may possible to speculate PA configuration from e.g., configuration via supported UL full power transmission mode, but still it is a matter of speculation. In addition, it is not clear which PA pair the UE uses, i.e., a pair of 2 x 26 dBm, 2 x 23 dBm or 26 dBm + 23 dBm even if supported PA configuration is somehow identified.
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.
One possible way could be to use the way captured in Observation 2, even though this allows huge relaxation depending on the UE’s PA configuration, i.e., we assume that the UE tries to avoid using higher power PA as much as possible to transmit SRS via Rx antenna(s) and SRS transmission for those other than the 1st SRS resource or 1st SRS port pair and to always use the lowest possible PA or PA combination, i.e., 23 dBm * n (1 or 2), as we have allowed PC2 UE with 26 dBm + 26 dBm PA configuration to have the same relaxation as that for PC2 UE with 26 dBm + 23 dBm PA configuration and haven’t considered 26 dBm + 23 dBm pair. If we go with these assumptions, and if the UE with 4 x 26 dBm or 2 x 26 dBm + 2 x 23 dBm is configured with SRS resources corresponding to 
· 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 dB(for the 3rd and 4th SRS resource).
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).
Conclusion
We obtained following observations and proposal.
Observation 1: Requirements associated with ΔTRxSRS for 8Rx with 4Tx as well as 4Rx with 4Tx have not been completed yet. 
Observation 2: Some of ΔTRxSRS requirements are associated with the value of ΔPPowerClass.
ΔPPowerClass specific part in 38.101-1 (Rel-17)
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Observation 3: A following exceptional relaxation is applicable to not only 26 dBm + 23 dBm PA configuration, but rather 26 dBm + 26 dBm PA configuration for PC2. 
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 capable of power class 2 in the band and ΔPPowerClass = 0 dB and not indicating txDiversity-r16.
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).
Proposal: RAN4 should address ΔPPowerClass for 4Tx and requirements for SRS antenna in the future meetings with consideration of these shared observations.
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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 capability or PC1.5 capable UE further indicates SRS-TxSwitch
capability ‘t1r2” or ‘t1r4” or ‘tlrl-tlr2’ or ‘tlrl-tlr2-tlr4’;
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ower class 1.5 jn the band, or when the device is capable of power class 2 in the band and APpy, =3dB,
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The value of ATrxsrs is 7.5dB for bands whose Fur_nign is higher than the Fur_wwof n79 and 6 dB for bands
whose Fur_nigh is lower than the Fur_w0f n79 during SRS transmission occasions with configured SRS
resources consisting of one SRS port when the device is capable of power class 2 in the band and APpowerCiass =
0 dB and not indicating txDiversity-rl6.





