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During RAN1#104e meeting, companies discussed the issue of UL Tx switching together with SRS carrier switching without any conclusion/agreements [1]. In this contribution, we present our analysis for this issue.
Discussion
The issue can be divided into two cases, i.e., Case-1) source carrier is configured with UL Tx switching and Case-2) source carrier is not configured with UL Tx switching.
Case-1: source carrier is configured with UL Tx switching
The issue can be summarized as following. The UE is configured with UL Tx switching between CC2 and CC3 for CA, SUL or EN-DC. Meanwhile, UE is configured with CC1 that is DL only (no PUSCH is configured in CC3). SRS carrier switching is configured between CC1 and CC2, where CC2 is the “source”, i.e. “switch from” carrier and CC1 is the “target”, i.e. “switch to” carrier. The UE is configured with 2-port SRS resource on CC1. The UE receives an aperiodic SRS trigger via DCI format 2_3 to schedule SRS transmission on CC1 and also receives a dynamic grant to schedule a PUSCH transmission on CC3 at the same time. The current specification requires the UE to perform the two transmissions (SRS on CC1 and PUSCH on CC3) simultaneously. However, the UE is not able to transmit on CC1 and CC3 simultaneously. 
	Scenario
	Analysis

	Case 1-1
2-port SRS
	As shown in Figure-1, there is a 1-port PUSCH/PUCCH transmission on CC3 and 2-port SRS on CC1. 
Based on our understanding, the current spec (section 6.2.1.3 of TS38.214) has specified two UE behaviours for SRS carrier switching, i.e., dropping rule (as shown in Appendix 5.1) and suspension (as shown in Appendix 5.2). It is clear that the suspension is only applicable to the source carrier and target carrier. However, it is not clear whether the current dropping rule is applicable to the carrier other than source carrier and target carrier, i.e., CC3 in our example.
Interpretation#1: If the current dropping rule is applicable to carrier other than source carrier and target carrier, then the same dropping rule can be applied. With this interpretation, maybe no spec change is needed. For example, if the 1-port transmission on CC3 is PUCCH with SR, then the 2-port SRS transmission on CC1 may be dropped. However, if the 1-port transmission on CC3 is PUSCH, then the PUSCH may be dropped and the 2-port SRS on CC1 can be transmitted.
Interpretation#2: If the current dropping rule is NOT applicable to carrier other than source carrier and target carrier, then the suspension can be applied to CC3 in our example. The detailed TP can be found in TP1 below.


Figure-1: 1-port PUSCH/PUCCH on CC3 and 2-port SRS on CC1.


Since the current spec is not clear whether dropping rule (see section 6.2.1.3 of TS38214) is applicable to the carrier other than source carrier and target carrier, it may be better if companies could first clarify this aspect first as it impacts the TP for UL Tx switching together with SRS carrier switching.
Observation-1: In current spec, it is clear that the suspension (see section 6.2.1.3 of TS38214) is only applicable to the source carrier and target carrier. However, it is not clear whether the current dropping rule (see section 6.2.1.3 of TS38214) is applicable to the carrier other than source carrier and target carrier.
Note: the related specs of suspension and dropping rule are copied in Appendix section.

	Case 1-2
1-port SRS
	As shown in Figure-2, there is a 1-port PUSCH/PUCCH transmission on CC3 and 1-port SRS on CC1. It seems that 1-port transmission on CC1 and 1-port transmission on CC3 doesn’t exceed the UE capability, this kind of simultaneous transmission can be allowed.


Figure-2: 1-port PUSCH/PUCCH on CC3 and 1-port SRS on CC1.

	Case 1-3
1-port SRS
	As shown in Figure-3, there is a 1-port PUSCH/PUCCH transmission on CC3, 1-port transmission on CC2 and 1-port SRS on CC1. It seems this case is also related to different interpretations as discussed in Case 1-1 above. We can first address the issue in Case 1-1.


Figure-3: 1-port PUSCH/PUCCH on CC3, 1-port PUSCH on CC2 and 1-port SRS on CC1.




Based on the above analysis, it seems that the following TP can address the issue for at least Case 1-1.
Proposal-1: For the issue of UL Tx switching together with SRS carrier switching, for the case that the source carrier is configured with UL Tx switching, if the current dropping rule is NOT applicable to carrier other than source carrier and target carrier, introduce the following TP1 for Section 6.2.1.3 of TS38.214.
TP1: {38.214 Section 6.2.1.3 UE sounding procedure between component carriers}
	6.2.1.3	UE sounding procedure between component carriers
< -------------------- Other parts are omitted -------------------- >
A UE can be configured with SRS resource(s) on a carrier c1 with slot formats comprised of DL and UL symbols and not configured for PUSCH/PUCCH transmission. For carrier c1, the UE is configured with higher layer parameter srs-SwitchFromServCellIndex and srs-SwitchFromCarrier the switching from carrier c2 which is configured for PUSCH/PUCCH transmission. During SRS transmission on carrier c1 (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL of SRS-SwitchingTimeNR), the UE temporarily suspends the uplink transmission on carrier c2. If the UE is configured with uplink switching with parameter uplinkTxSwitching for carrier c2 and carrier c3, during 2-port SRS transmission on carrier c1 (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL of SRS-SwitchingTimeNR), the UE temporarily suspends the uplink transmission on carrier c3.
< -------------------- Other parts are omitted -------------------- >



Case-2: source carrier is not configured with UL Tx switching
Take the following figure as an example. CC3 and CC4 are configured with UL Tx switching. CC1 and CC2 are the target and source carrier for SRS carrier switching, respectively. It seems that the current specification for both UL Tx switching and SRS carrier switching can be reused without any modification.


Figure-4: 1-port PUSCH/PUCCH on CC3 and 1-port SRS on CC1.

Conclusion
In this contribution, we present our analysis for the issue of UL Tx switching together with SRS carrier switching with the following proposals and TP.
Observation-1: In current spec, it is clear that the suspension (see section 6.2.1.3 of TS38214) is only applicable to the source carrier and target carrier. However, it is not clear whether the current dropping rule (see section 6.2.1.3 of TS38214) is applicable to the carrier other than source carrier and target carrier.
Note: the related specs of suspension and dropping rule are copied in Appendix section.
Proposal-1: For the issue of UL Tx switching together with SRS carrier switching, for the case that the source carrier is configured with UL Tx switching, if the current dropping rule is NOT applicable to carrier other than source carrier and target carrier, introduce the following TP1 for Section 6.2.1.3 of TS38.214.
TP1: {38.214 Section 6.2.1.3 UE sounding procedure between component carriers}
	6.2.1.3	UE sounding procedure between component carriers
< -------------------- Other parts are omitted -------------------- >
A UE can be configured with SRS resource(s) on a carrier c1 with slot formats comprised of DL and UL symbols and not configured for PUSCH/PUCCH transmission. For carrier c1, the UE is configured with higher layer parameter srs-SwitchFromServCellIndex and srs-SwitchFromCarrier the switching from carrier c2 which is configured for PUSCH/PUCCH transmission. During SRS transmission on carrier c1 (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL of SRS-SwitchingTimeNR), the UE temporarily suspends the uplink transmission on carrier c2. If the UE is configured with uplink switching with parameter uplinkTxSwitching for carrier c2 and carrier c3, during 2-port SRS transmission on carrier c1 (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL of SRS-SwitchingTimeNR), the UE temporarily suspends the uplink transmission on carrier c3.
< -------------------- Other parts are omitted -------------------- >
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Appendix
Current specs for dropping rule for SRS carrier switching
	TS38.214: Section 6.2.1.3 UE sounding procedure between component carriers
For a carrier of a serving cell with slot formats comprised of DL and UL symbols, not configured for PUSCH/PUCCH transmission, the UE shall not transmit SRS whenever SRS transmission (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL of SRS-SwitchingTimeNR) on the carrier of the serving cell and PUSCH/PUCCH transmission carrying HARQ-ACK/positive SR/RI/CRI/SSBRI and/or PRACH happen to overlap in the same symbol and that can result in uplink transmissions beyond the UE's indicated uplink carrier aggregation capability included in [13, TS 38.306].
For a carrier of a serving cell with slot formats comprised of DL and UL symbols, not configured for PUSCH/PUCCH transmission, the UE shall not transmit a periodic/semi-persistent SRS whenever periodic/semi-persistent SRS transmission (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL of SRS-SwitchingTimeNR) on the carrier of the serving cell and PUSCH transmission carrying aperiodic CSI happen to overlap in the same symbol and that can result in uplink transmissions beyond the UE's indicated uplink carrier aggregation capability included in [13, TS 38.306]. 
For a carrier of a serving cell with slot formats comprised of DL and UL symbols, not configured for PUSCH/PUCCH transmission, the UE shall drop PUCCH/PUSCH transmission carrying periodic CSI comprising only CQI/PMI/L1-RSRP/L1-SINR, and/or SRS transmission on another serving cell configured for PUSCH/PUCCH transmission whenever the transmission and SRS transmission (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL of SRS-SwitchingTimeNR) on the serving cell happen to overlap in the same symbol and that can result in uplink transmissions beyond the UE's indicated uplink carrier aggregation capability included in [13, TS 38.306]. 
For a carrier of a serving cell with slot formats comprised of DL and UL symbols, not configured for PUSCH/PUCCH transmission, the UE shall drop PUSCH transmission carrying aperiodic CSI comprising only CQI/PMI/L1-RSRP/L1-SINR whenever the transmission and aperiodic SRS transmission (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133]) as defined by higher layer parameters switchingTimeUL and switchingTimeDL of SRS-SwitchingTimeNR) on the carrier of the serving cell happen to overlap in the same symbol and that can result in uplink transmissions beyond the UE's indicated uplink carrier aggregation capability included in [13, TS 38.306].
<Other parts are omitted>



Current specs for suspension for SRS carrier switching
	TS38.214: Section 6.2.1.3 UE sounding procedure between component carriers
<Other parts are omitted>
A UE can be configured with SRS resource(s) on a carrier c1 with slot formats comprised of DL and UL symbols and not configured for PUSCH/PUCCH transmission. For carrier c1, the UE is configured with higher layer parameter srs-SwitchFromServCellIndex and srs-SwitchFromCarrier the switching from carrier c2 which is configured for PUSCH/PUCCH transmission. During SRS transmission on carrier c1 (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL of SRS-SwitchingTimeNR), the UE temporarily suspends the uplink transmission on carrier c2.
<Other parts are omitted>
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