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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#109-e, discussions regarding enhancements for UL Tx switching have achieved the agreement as cited below [1]:
	Agreement
· The following text proposal is endorsed for the editor’s CR for TS38.214 (subclause 6.1.6.2).
-------- Start of TP --------
6.1.6.2	Uplink switching for carrier aggregation
<Omitted text>
-	For the UE configured with uplinkTxSwitchingOption set to ‘dualUL’, when the UE is to transmit a 2-port transmission on one uplink carrier on one band and if the preceding uplink transmission was a 1-port transmission on a carrier on the same band and the UE is under the operation state in which 2-port transmission cannot be supported in the same band, then the UE is not expected to transmit for the duration of  on any of the carriers.
-	For the UE configured with uplinkTxSwitchingOption set to ‘dualUL’, when the UE is to transmit a 1-port transmission on one uplink carrier on one band and if the preceding uplink transmission was a 1-port transmission on another uplink carrier on another band and the UE is under the operation state in which 2-port transmission can be supported on in the same uplink carrier band, then the UE is not expected to transmit for the duration of  on any of the carriers.
<Omitted text>
-------- End of TP --------



Discussion
Clarification on CA based SRS carrier switching
Regarding the CA based SRS carrier switching, clarification of the "prioritization rules" & "suspension" is needed. In RAN1#107-e, there was a discussion on SRS carrier switching under [107-e-NR-7.1CRs-04] [2]. During this discussion, the following conclusion was made.
	Conclusion
Regarding SRS carrier switching priority rules:
· For Rel-16, it is concluded that no modification in specifications should be made to clarify the current UE behaviour or to introduce a new UE behaviour regarding SRS carrier switching priority rules.
· For releases later than Rel-16, it is concluded to consider introducing a new UE capability for indicating simultaneous transmission while switching, and/or clarify the UE behaviour in the case of intra-band CA. 
· Note: If introduced, the new UE capability should always assume no simultaneous transmission while SRS carrier switching for the bands in the band combinations that are signalled to not support simultaneous transmission within BandCombinationList-UplinkTxSwitch.


According to the current specification in TS38.214 clause 6.2.1.3, the “suspending” only appears in the following paragraph. 
	[bookmark: _Toc11352160][bookmark: _Toc20318050][bookmark: _Toc27299948][bookmark: _Toc29673222][bookmark: _Toc29673363][bookmark: _Toc29674356][bookmark: _Toc36645586][bookmark: _Toc45810635][bookmark: _Toc90388122]6.2.1.3	UE sounding procedure between component carriers
<Unchanged parts are omitted – 38.214>
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.


In this paragraph, there is no description of prioritization rules. So, the “suspending” and the determination and application procedure of prioritization rules are two non-overlapping functions of SRS carrier switching. Specifically, as shown in Figure 1, the prioritization rule is used to determine whether UE can transmit SRS transmission on carrier c1, while the “suspending” function is to determine the transmission on other carriers during SRS transmission on carrier c1. It means the “suspending” function is an independent function after the prioritization rule was applied. So, the specification related to the “suspending” function can be modified independently without impacting prioritization rules. 
[image: ]
Figure 1 The relationship between the prioritization rule and the “suspending” function
The following assumptions are taken:
· For UL Tx switching: CC1 and CC2
· For SRS carrier switching:  CC2 (switching from carrier) and CC3 (switching to carrier).. 
[bookmark: _GoBack]According to the current specification in clause 6.2.1.3 of TS 38.214, during SRS transmission on CC3, the UE would temporarily suspend the uplink transmission on CC2. Because the UE Tx chains are shared between CC2 and CC1 for UL Tx switching, it is straightforward that the UE would also temporarily suspend the uplink transmission on CC1 during SRS transmission on CC3. So we suggest to temporarily suspend the uplink transmission on carrier configured with UL Tx switching. 
Proposal 1: Adopt the change request in our contribution R1-2207647 for uplink suspension of SRS carrier switching in clause 6.2.1.3 of TS 38.214.
Back-to-back switching with SRS carrier switching
In UL Tx switching, considering UE complexity of frequent UE RF retuning, the max number of switching for a UE is restricted to be one switching per one slot. If a UE is configured with SRS carrier switching and UL Tx switching, there may be too many switching occurrences in a slot. For example, as shown in Figure 2 and 3, a UE is configured with UL Tx switching between CC1 and CC2 and is configured with SRS carrier switching between CC2 and CC3. CC2 is the switching-from carrier and CC3 is the switching-to carrier. If the UE is to transmit on CC1 after the SRS transmission on CC3, the UE may firstly switch to CC2 and then switch to CC1 (Figure 2), resulting in two Tx switchings in a short period. Alternatively, in this scenario, the UE can directly switch to CC1 after the SRS transmission on CC3 (Figure 3). According to current spec, a UE has support of a switching between CC1 and CC3 as long as the UE reports supports of both UL Tx switching and SRS carrier switching. No new capabilities are required to indicate the direct switching between CC1 and CC3. 
Thus, UE can avoid unnecessary frequent Tx switching. For this, the DCI that schedules the uplink transmission succeeding a SRS carrier switching should be received by the UE early enough so that a sufficient UE processing time to prepare and handle such Tx switching is guaranteed.
[image: ]
Figure 2 two Tx switching after the SRS transmission on CC3
[image: ]
Figure 3 one Tx switching after the SRS transmission on CC3
In other words, a cut-off time to schedule the succeeding uplink transmission is defined as that the time interval between the last symbol of PDCCH scheduling the succeeding uplink transmission and the first symbol of SRS transmission on CC3 should be at leastsymbols and an additional time duration (for example, the RF retuning time).
This method not only releases UE burden from too frequent RF retunings but also allows a gNB to schedule the succeeding slot so that no UL throughput loss for network operation, the cost is the DCI should be received by the UE earlier. With the help of earlier arrival of scheduling DCI, if a UE prefer to implement two switchings/RF retunings in this case, then it is still up to UE to do it. But it provides the availability to avoid frequent RF retunings. For example, if the switching time from CC3 to CC1 is the sum of two reported switching gaps, UE can choose the best implementation, either direct switching or two-step switching.
Certainly, if the succeeding uplink transmission is too much later from the SRS transmission on CC3, there is no frequent Tx switching in a short period. Similar to the agreed restriction of one switching per one slot for UL Tx switching, the short period to define a too frequent Tx switching is also one slot. In other words, as shown in Figure 4, the scheduling cut-off time is applicable to a uplink transmission succeeding a SRS carrier switching occurrence only if the time interval between the last symbol of the RF retuning time after SRS transmission and the first symbol of the succeeding uplink transmission is less than or equal to 13 symbols.
[image: ]
Figure 4 PDCCH schedules the next transmission after the SRS transmission on CC3
Proposal 2: For a UE configured with UL Tx switching on two uplinks and configured with SRS carrier switching for a third uplink, if a uplink transmission is scheduled after a SRS carrier switching occurrence and the time interval between the first symbol of the uplink transmission and the last symbol of SRS transmission is less than or equal to an interval of 13 symbols plus the RF retuning time required by SRS carrier switching, then the last symbol of PDCCH scheduling the uplink transmission should be no later than at symbol L, where the time interval between symbol L and the first symbol of SRS transmission is larger than symbols plus the RF retuning time.
· In case of different SCS between the uplink transmission and the SRS transmission, the 13 symbols are with respect to the smaller SCS.
Conclusion
In this contribution, analysis of the issues of introducing UL Tx switching for Rel-17 are provided. The following proposals are given:
Proposal 1: Adopt the change request in our contribution R1-2207647 for uplink suspension of SRS carrier switching in clause 6.2.1.3 of TS 38.214.
Proposal 2: For a UE configured with UL Tx switching on two uplinks and configured with SRS carrier switching for a third uplink, if a uplink transmission is scheduled after a SRS carrier switching occurrence and the time interval between the first symbol of the uplink transmission and the last symbol of SRS transmission is less than or equal to an interval of 13 symbols plus the RF retuning time required by SRS carrier switching, then the last symbol of PDCCH scheduling the uplink transmission should be no later than at symbol L, where the time interval between symbol L and the first symbol of SRS transmission is larger than symbols plus the RF retuning time.
· In case of different SCS between the uplink transmission and the SRS transmission, the 13 symbols are with respect to the smaller SCS.
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