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1 Background
Current specification TS 38.214 specifies the collision behavior between SRS carrier switching and other uplink channels/signals as follows:
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 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].
[…]



For all these dropping rules, RAN1 has not specified any timelines, which leads to unimplementable collision rules – e.g. a UE receiving a DCI that cancels an SRS when the retuning for transmitting SRS has already started.

Observation 1: Current specification does not define any timelines for the dropping rules related to SRS carrier switching, which leads to unimplementable dropping rules.

In this contribution we propose to specify the timelines for this cancellation.

NOTE: This contribution is a resubmission of R1-2008599, where the only change is the target Release (Rel-16 instead of 15).

2 Discussion on timeline for cancellation
The preparation time for SRS is , where  is based on the worst case between the scheduling cell (i.e., the cell triggering the SRS) and the scheduled cell (i.e., the cell transmitting the SRS), as specified in TS 36.214:For n-th (n ≥ 1) aperiodic SRS transmission on a cell c, upon detection of a positive SRS request on a grant, the UE shall commence this SRS transmission on the configured symbol and slot provided
-	it is no earlier than the summation of
-	the maximum time duration between the two durations spanned by N OFDM symbols of the numerology of cell c and the cell carrying the grant respectively, and
-	the UL or DL RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL of srs-SwitchingTimeNR,
-	it does not collide with any previous SRS transmissions, or interruption due to UL or DL RF retuning time.
otherwise, n-th SRS transmission is dropped, where N is the reported capability as the minimum time interval in unit of symbols, between the DCI triggering and aperiodic SRS transmission.



For the collision cases, there are no rules defining the minimum time between the SRS transmission and the DCI that may trigger a conflict. In Figure 1 - 3 we show different examples of collision handling of SRS CS versus other channels / signals transmitted in the source CC.
· In Figure 1, we have a collision of SRS vs HARQ on PUCCH. According to the current rules, SRS should be dropped, and PUCCH should be transmitted. In line with the preparation time for the SRS, the deadline to decide on the switch is  ahead of the SRS transmission. Thus, the UE should make the decision to switch based on the DCIs received before that deadline – any DCIs received after the deadline cannot be taken into account.
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Figure 1 Example timeline for collision between HARQ-ACK on PUCCH and SRS carrier switching. The DCI triggering the HARQ-ACK has to be received at least N2+SRS-SwitchingTime before the SRS transmission

· In Figure 2, we have a collision between SP-CSI and SRS. In this case, the SP-CSI needs to be activated by   ahead of the SRS transmission.
[image: ]
Figure 2 Example timeline for collision between SP-CSI and SRS carrier switching. The SP-CSI has to be active at least N2+SRS-SwitchingTime before the SRS transmission.

· In Figure 3, we have a collision between PUSCH/PUCCH/SRS (low priority) and SRS-CS. In this case, the UE needs to know of the existence of the SRS N2 symbols before the start of the PUSCH/PUCCH/SRS.
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Figure 3 Example timeline for collision between PUSCH/PUCCH/SRS with lower priority than SRS-CS SRS. In this case, the DCI to trigger the SRS has to arrive N2 symbols before the start of the PUSCH/PUCCH/SRS transmission.

To meet implementable timelines, we propose the following restrictions:
· For the cases where SRS CS has a higher priority than the conflicting channel, the SRS has to be activated/scheduled N2 symbols ahead of the conflicting channel (i.e., the decision to transmit the conflicting channel happens N2 symbols before its transmission, and the SRS CS information has to be available by then).
· For the cases where SRS has a lower priority than the conflicting channel, the conflicting channel has to be activated/scheduled N2+SRS-SwitchingTime ahead of the SRS transmission (i.e., the decision to transmit the SRS happens N2 + SRS-SwitchingTime ahead of the SRS transmission, and the conflicting channel information has to be available by then).
These conditions are summarized in the following proposal and TP:
Proposal: For the dropping rules for SRS carrier switching, the UE only takes into account the DCI(s) received SRS-SwitchingTime + N2 before the SRS transmission and N2 before the conflicting channel transmission, and the SP-CSI and SP-SRS considered active SRS-SwitchingTime + N2 before the SRS transmission and N2 before the conflicting channel transmission.
· N2 is the time interval corresponding to the smaller subcarrier spacing between the source and target CCs, and the corresponding scheduling cells.
· Endorse TP1 for Rel-16.

<TP1, 38.214>
[bookmark: _Toc11352160][bookmark: _Toc20318050][bookmark: _Toc27299948][bookmark: _Toc29673222][bookmark: _Toc29673363][bookmark: _Toc29674356][bookmark: _Toc36645586][bookmark: _Toc45810635][bookmark: _Toc52457845]6.2.1.3	UE sounding procedure between component carriers

For an SRS transmission starting in symbol  of a carrier  with slot formats comprised of DL and UL symbols, not configured for PUSCH/PUCCH transmission, and with  carrier the UE is configured to switch from according to higher layer parameters srs-SwitchFromServCellIndex and srs-SwitchFromCarrier, for a conflicting transmission in  starting in symbol  the UE shall apply the rules in the remaining of this subclause based on:
· DCI(s) for which the time interval between the last symbol of PDCCH and  is at leastsymbols and an additional time duration ,  and the time interval between the last symbol of PDCCH and  is at least   symbols; and
· semi-persistent CSI reports or SRS for which the HARQ-ACK information on PUCCH in response to the activation command would be transmitted in slot , and  being the first symbol of the first slot which is after slot , and the time interval between  and  is at least  symbols and an additional time duration , and the time interval between  and  is at least  symbols, where  is the SCS configuration of the PUCCH.
where , and the time interval unit of OFDM symbol is counted based on the minimum subcarrier spacing given by , with  the SCS configuration for the PDCCH carrying the triggering commands for the SRS in ,  the SCS configuration for SRS in ,    the SCS configuration for the PDCCH that schedules PUSCH in , and  the SCS configuration for the PUSCH in .
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].
For an aperiodic SRS triggered in DCI format 2_3 and if the UE is configured with higher layer parameter srs-TPC-PDCCH-Group set to 'typeA', and given by SRS-CarrierSwitching, without PUSCH/PUCCH transmission, the order of the triggered SRS transmission on the serving cells follow the order of the serving cells in the indicated set of serving cells configured by higher layers, where the UE in each serving cell transmits the configured one or two SRS resource set(s) with higher layer parameter usage set to 'antennaSwitching' and higher layer parameter resourceType in SRS-ResourceSet set to 'aperiodic'. 
For an aperiodic SRS triggered in DCI format 2_3 and if the UE is configured with higher layer parameter srs-TPC-PDCCH-Group set to 'typeB' without PUSCH/PUCCH transmission, the order of the triggered SRS transmission on the serving cells follow the order of the serving cells with aperiodic SRS triggered in the DCI, and the UE in each serving cell transmits the configured one or two SRS resource set(s) with higher layer parameter usage set to 'antennaSwitching' and higher layer parameter resourceType in SRS-ResourceSet set to 'aperiodic'.
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.
[bookmark: _Hlk505675046]If the UE is not configured for PUSCH/PUCCH transmission on carrier c1 with slot formats comprised of DL and UL symbols, and if the UE is not capable of simultaneous reception and transmission on carrier c1 and serving cell c2, the UE is not expected to be configured or indicated with SRS resource(s) such that 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) would collide with the REs corresponding to the SS/PBCH blocks configured for the UE or the slots belonging to a control resource set indicated by MIB or SIB1 on serving cell c2.
For n-th (n ≥ 1) aperiodic SRS transmission on a cell c, upon detection of a positive SRS request on a grant, the UE shall commence this SRS transmission on the configured symbol and slot provided
-	it is no earlier than the summation of
-	the maximum time duration between the two durations spanned by N OFDM symbols of the numerology of cell c and the cell carrying the grant respectively, and
-	the UL or DL RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL of SRS-SwitchingTimeNR,
-	it does not collide with any previous SRS transmissions, or interruption due to UL or DL RF retuning time.
otherwise, n-th SRS transmission is dropped, where N is the reported capability as the minimum time interval in unit of symbols, between the DCI triggering and aperiodic SRS transmission.
[bookmark: _Hlk515873385]In case of inter-band carrier aggregation, a UE can simultaneously transmit SRS and PUCCH/PUSCH across component carriers in different bands subject to the UE's capability.
In case of inter-band carrier aggregation, a UE can simultaneously transmit PRACH and SRS across component carriers in different bands subject to UE's capability.
</TP1, 38.214>

3 Summary of proposals
In this contribution we discussed issues related to timelines for SRS carrier switching. We make the following observations and proposals.
Observation 1: Current specification does not define any timelines for the dropping rules related to SRS carrier switching, which leads to unimplementable dropping rules.

Proposal: For the dropping rules for SRS carrier switching, the UE only takes into account the DCI(s) received SRS-SwitchingTime + N2 before the SRS transmission and N2 before the conflicting channel transmission, and the SP-CSI and SP-SRS considered active SRS-SwitchingTime + N2 before the SRS transmission and N2 before the conflicting channel transmission.
· N2 is the time interval corresponding to the smaller subcarrier spacing between the source and target CCs, and the corresponding scheduling cells.
· Endorse TP1 for Rel-16.
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