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For SRS carrier switching when UE switches to a carrier of the serving cell, without configured PUCCH/PUSCH transmission, to transmit SRS and SRS transmission (including any interruption due to uplink or downlink RF retuning time) overlaps in time with simultaneous uplink transmissions on other carriers, priority rules are already specified in 38.214 6.2.1.3, from which it is determined which uplink transmissions shall be dropped, if the simultaneous SRS transmission on the target carrier and UL transmissions on other carriers is beyond the indicated UE’s UL-CA capability. 

Dropping an UL transmission is associated with a cancellation timeline which shall be met, otherwise UE cannot cancel the low priority uplink transmission in time. While NR defines cancellation timeline for various scenarios, like intra/inter-UE cancellation for URLLC, cancellation of configured uplink transmission by dynamic SFI or another DCI, etc, current specification lacks the proper definition of cancellation timeline when SRS carrier switching is involved. We should note that without specification of cancellation timeline for the case of SRS carrier switching, gNB does not know the latest time that the UE can drop a low priority channel. Therefore, it cannot schedule the high priority transmission accordingly; and in case UE is not given enough time, which is not specified yet, to cancel the low priority channel, UE behavior becomes undefined. 

In RAN1#104b-e, a CR was endorsed in [1] that specifies the required timeline to cancel the low priority transmission on a single carrier c, where c is restricted to be either the source carrier, i.e., the “switching from” carrier, or the target carrier, i.e., “switch to” carrier. Given that with SRS carrier switching, simultaneous UL transmissions on carriers intra (or even inter) band with the source carrier may be impacted, the cancellation timeline needs to be extended to include transmissions on other carriers besides the source carrier. In this contribution, we extend the timeline specification to the general case, where due to SRS switching, carriers that shall be dropped and/or DCIs that schedule high priority transmissions on other carriers, can be more than one.  

SRS switching and cancellation timeline across carriers 
Cancellation timeline for transmissions on source carrier and intra/inter-band carriers  
In current specification, UE may indicate via parallelTxSRS-PUCCH-PUSCH, the capability to support parallel transmission of SRS and PUCCH/ PUSCH across CCs in an inter-band CA band combination [2]. Let’s assume the case depicted in Figure 1, where UE indicates parallelTxSRS-PUCCH-PUSCH only for the band combination C1&C2 (both UL carriers), but UE does not indicate such capability for the band combination C1&C0 (C0 is DL carrier without configured PUCCH/PUSCH). As a result, if UE is indicated to switch from C2 to C0 for SRS carrier switching, simultaneous SRS transmission on C0 and PUCCH/PUSCH transmission on C1 will be beyond UE’s UL-CA capability. Note that based on current specification, UL transmission on C2 is anyway suspended. Now, if we assume in Fig.1, P-CSI is multiplexed on PUSCH transmission in C1, then based on current specification transmissions on both C1 and C2 needs to be dropped. In the following, we define a cancellation timeline for such scenarios, where the formulation reuses the basics of UCI multiplexing, given by 38.213, Sec. 9.2.5.
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Figure 1: Timeline for cancellation due to higher priority SRS transmission on target carrier.


Proposal 1: For the case that aperiodic SRS transmission on the target cell has higher priority than overlapping UL transmissions on other carriers, and the simultaneous transmission is beyond UE’s capability:
· UE does not expect that the gap between the last symbol of DCI indicating A-SRS on target CC and the first symbol of the earliest low priority UL transmission, among a group of overlapping UL transmissions with a priority lower than A-SRS, to be less than , with  

where  is based on N2, which itself is determined based on the UE processing capability on the i-th low priority carrier, and the minimum of (µDL, µith-UL), where the µDL corresponds to the SCS of the PDCCH scheduling A-SRS, and µith-UL corresponds to the SCS of the uplink channel on the i-th low priority carrier.

Note: Based on 38.214, Sec. 6.2.1.3, the overlapping includes any interruption due to UL/DL RF retuning time as defined by higher layer parameters switchingTimeUL and switchingTimeDL of SRS-SwitchingTimeNR

Cancellation timeline for SRS on target cell 
Following the same line of discussion, we can have a scenario where SRS transmission on the target cell is dropped due to high priority scheduling on other carriers, and simultaneous transmission is beyond UE’s UL-CA capability. An example is given by Figure 2, where UE is configured to switch from C3 (not shown in the figure) to C0 (C0 is DL carrier) for periodic SRS switching, but UE is also dynamically indicated by DCI_1 and DCI_2 to transmit PUSCH on C1 and C2, and simultaneous transmission on (C0, C1, C2) is beyond UE’s capability. Based on current specification, P-SRS on the target cell shall be dropped. Although this cancellation needs a timeline that shall be met, similar to the cancellation timeline for CG PUSCH in current specification.
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 Figure 2: Timeline for cancellation of SRS transmission on the target carrier.


Proposal 2: For the case that UE is scheduled by a DCI, or a set of DCIs, to transmit a high priority UL transmission on a serving cell overlapping with a low priority SRS transmission on a carrier without configured PUSCH/PUCCH, and simultaneous transmission is beyond UE’s capability:
· UE does not expect the gap between the first symbol of the earliest low priority SRS transmission on the target cell and a last symbol of the last DCI among all DCIs indicating high priority transmissions on another carriers, to be less than , with 

where  is based on SRS-SwitchingTime + N2, and N2 is determined based on the UE processing capability on the target carrier, and the minimum of (µith-DL, µUL), where the µith-DL corresponds to the SCS of the PDCCH scheduling a high priority UL transmission on the i-th high priority carrier, and µUL corresponds to the SCS of the SRS on the target cell. SRS-SwitchingTime represents the UL or DL RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL of SRS-SwitchingTimeNR, 

Text proposal for cancellation timeline for SRS Carrier Switching
Based on what we discussed, the following TP is proposed:

[Start of TP, 38.214]
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If an uplink transmission on a carrier configured for PUSCH/PUCCH transmission, is dropped based on prioritization rules defined in this subclause due to overlapping in time with an 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 a carrier of a serving cell with slot formats comprised of DL and UL symbols not configured for PUSCH/PUCCH transmission, the UE expects that the first symbol of the earliest of such UL transmissions on carriers configured for PUSCH/PUCCH transmission, is not before a symbol with CP starting after , from a last symbol of the PDCCH indicating aperiodic SRS transmission on a carrier of a serving cell not configured for PUSCH/PUCCH transmission.  is given by , where  is determined by N2, and N2 is based on the UE processing capability on the i-th UL carrier with low priority UL transmission, and the minimum of (µDL, µith-UL), where the µDL corresponds to the subcarrier spacing of the PDCCH scheduling aperiodic SRS on a carrier of a serving cell not configured for PUSCH/PUCCH transmission, and µith-UL corresponds to the subcarrier spacing of the low priority uplink channel on the i-th UL carrier.

If an 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 a carrier of a serving cell with slot formats comprised of DL and UL symbols not configured for PUSCH/PUCCH transmission, is dropped based on prioritization rules defined in this subclause due to overlapping in time with an uplink transmission on a carrier configured for PUSCH/PUCCH transmission, the UE expects that the first symbol of the low priority SRS transmission on the carrier of the serving cell, is not before a symbol with CP starting after , from a last symbol among all PDCCHs indicating high priority UL transmissions on carriers configured for PUSCH/PUCCH transmission.  is given by , where  is based on SRS-SwitchingTime + N2, and N2 is determined based on the UE processing capability on a carrier of a serving cell not configured for PUSCH/PUCCH transmission, and the minimum of (µith-DL, µUL), where the µith-DL corresponds to the subcarrier spacing of the PDCCH scheduling a high priority UL transmission on the i-th UL carrier, and µUL corresponds to the subcarrier spacing of the SRS transmission on a carrier of a serving cell not configured for PUSCH/PUCCH transmission. SRS-SwitchingTime represents the UL or DL RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL of SRS-SwitchingTimeNR,

[text unchanged…]

[End of TP, 38.214]


Proposal 3: Endorse the proposed TP for TS 38.214, 6.2.1.3.


Conclusions
In this contribution, we shared our views on why specifying cancellation timeline for sounding between component carriers, that is not limited only to source and target carriers, is necessary. Next, we provided a formulation that is aligned with the rest of specification for timeline cancellation. Based on views shared in this paper, we make the following proposals:

Proposal 1: For the case that aperiodic SRS transmission on the target cell has higher priority than overlapping UL transmissions on other carriers, and the simultaneous transmission is beyond UE’s capability:
· UE does not expect that the gap between the last symbol of DCI indicating A-SRS on target CC and the first symbol of the earliest low priority UL transmission, among a group of overlapping UL transmissions with a priority lower than A-SRS, to be less than , with  

where  is based on N2, which itself is determined based on the UE processing capability on the i-th low priority carrier, and the minimum of (µDL, µith-UL), where the µDL corresponds to the SCS of the PDCCH scheduling A-SRS, and µith-UL corresponds to the SCS of the uplink channel on the i-th low priority carrier.

Proposal 2: For the case that UE is scheduled by a DCI, or a set of DCIs, to transmit a high priority UL transmission on a serving cell overlapping with a low priority SRS transmission on a carrier without configured PUSCH/PUCCH, and simultaneous transmission is beyond UE’s capability:
· UE does not expect the gap between the first symbol of the earliest low priority SRS transmission on the target cell and a last symbol of the last DCI among all DCIs indicating high priority transmissions on another carriers, to be less than , with 

where  is based on SRS-SwitchingTime + N2, and N2 is determined based on the UE processing capability on the target carrier, and the minimum of (µith-DL, µUL), where the µith-DL corresponds to the SCS of the PDCCH scheduling a high priority UL transmission on the i-th high priority carrier, and µUL corresponds to the SCS of the SRS on the target cell. SRS-SwitchingTime represents the UL or DL RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL of SRS-SwitchingTimeNR,  

Proposal 3: Endorse the proposed TP for TS 38.214, 6.2.1.3.
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