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Introduction
In RAN1#114bis [1] and RAN1#115 [2], RAN1 discussed whether to trigger aperiodic SRS carrier switching via DCI format 1_1/1_2 and endorsed the conclusion and agreements about related UE capabilities and aperiodic SRS carrier switching which is triggered by single DCI as follow: 
	Conclusion
Minimum support for aperiodic SRS carrier switching triggered by DCI 1_1/1_2 requires the capabilities
· srs-CarrierSwitch (feature group 2-56) and its prerequisite(s) as specified in 38.306. 
· Basic DL NR-NR CA operation, supportedBandCombinationList  (FG 6-5), e.g. since 38.214 section 6.2.1.3 requires switching among carriers of serving cells
· srs-TxSwitch (FG 2-55), as inferred by the similar requirement for format 2_3 in 38.214 section 6.1.2.3
If cross carrier scheduling is to be used for SRS carrier switching triggered by DCI 1_1/1_2, the additional capability is needed:
· crossCarrierScheduling-SameSCS (FG 6-10) if triggering cell and target cell for A-SRS CS are not the same.

Agreement
Alt 1 from RAN#114, “RAN1 concludes that DCI 1_1 and 1_2 triggering are supported, subject to existing UE capabilities, for aperiodic SRS carrier switching in Rel-15” is agreed as updated, and no new UE capability is defined for the support of DCI 1_1 and 1_2 triggering for aperiodic SRS carrier switching in the case where SRS is triggered by a single DCI.
· FG 22-8, if indicated, also applies to SRS carrier switching (according to current specifications)

Agreement
Change 38.214 section 6.2.1.3 in a Rel-17/18 CR as follows
· Capture on the cover sheet of the CR: “This CR can be implemented in earlier releases than the CR without causing interoperability issues”
	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) from srs-ResourceSetToAddModList 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 1_1 or 1_2, if the UE is configured by SRS-CarrierSwitching, it transmits SRS on one serving cell not configured for PUSCH/PUCCH transmission scheduled by the DCI and the UE in the 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’.
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.


· Given the support of cross carrier scheduling for SRS carrier switching, it is noted that the following conclusion can also apply to DCI format 1_2 
	Conclusion (RAN1#99)
If the UE is configured with a carrier indicator field by CrossCarrierSchedulingConfig , the serving cell of triggered SRS is indicated by the carrier indicator field,  as defined in Subclause 10.1 of [5, TS 38.213].
Applies only for DCI format 0_1 and 1_1


Final CRs endorsed in R1-2312673, R1-2312674.




However, some companies had concern on multiple SRS carrier switches that could be triggered via multiple DCI format 1_1/1_2 or via DCI format 1_1/1_2 and DCI format 2_3 and RAN1 couldn’t discuss this issue enough. In addition, there were views that RAN1 needs to discuss whether to support configuration combination between SRS carrier switching and available slot. This contribution provides Samsung’s view on aperiodic SRS carrier switching and related UE features.

Discussion
[bookmark: _GoBack]In the previous RAN1#114bis [1] and RAN1#115 [2], RAN1 discussed which DCI format is possible to trigger aperiodic SRS carrier switching and endorsed above conclusion and agreements on an aperiodic SRS carrier switching which is triggered via single DCI 1_1 or 1_2. However, followings are remained and further discussion may be required to make UE’s and gNB’s behavior clearer:
· Issue 1: Whether to support multiple SRS carrier switches that could be triggered via multiple DCI formats 1_1/1_2 or via DCI format 1_1/1_2 and DCI format 2_3
· Issue 2: If multiple SRS carrier switches are supported, whether to introduce new UE features for SRS carrier switches triggered by multiple PDCCHs including DCI format 1_1/1_2 and also DCI format 2_3
· Issue 3: Whether to support configuration combination between SRS carrier switching and available slot
For these issues, Samsung’s views are provided as below.

Clarification on necessary UE capability for multiple aperiodic SRS carrier switches
As other companies argued in the previous RAN1 meeting, RAN1 didn’t discuss any details on multiple SRS carrier switches. Therefore, RAN1 should discuss whether to support multiple SRS carrier switches on multiple carriers first. Then, related UE features can be discussed if RAN1 supports multiple SRS carrier switches. In our view, supporting multiple SRS carrier switches can be beneficial for fast acquisition of DL CSIs on multiple carriers if UE can have capability to support fast RF tuning and simultaneous transmission of SRS antenna switching. 

Proposal 1: Support multiple SRS carrier switches on multiple carriers and discuss the details on required UE features to support multiple SRS carrier switches.

Regarding issue 2, we checked which UE features are required to support multiple SRS carrier switches if two (or more) SRS carrier switches on two different carriers are overlapped in time domain. Based on our observations and the discussion in RAN1 #115, the following UE features can be required to support multiple overlapped SRS carrier switches in time domain:
· UE feature 1) SRS carrier switch
· UE feature 2) SRS Tx switch
· UE feature 3) DL CA
· UE feature 4) UL CA
· UE feature 5) simultaneous antenna switching
· UE feature 6) simultaneous RF tuning for carrier switch

First three UE features (UE feature 1~3) are minimum requirement of UE features for SRS carrier switching and the other features can be additional to support multiple SRS carrier switches which could be overlapped in time domain. For UE feature 4 (UL CA), UL CA capability may require for UE to transmit multiple SRSs for the purpose of carrier switch and RF chains from multiple UL CA carriers could be borrowed for carrier switching. Therefore, UL CA capability might be required. To transmit multiple SRSs for carrier switch, UE needs to transmit multiple SRS resources which usage is set to ‘antennaSwitching’ for acquiring DL CSI. Therefore, UE should have capability to support simultaneous transmission of SRS on different CCs for multiple SRS carrier switches and we can consider capabilities which were introduced in Rel-16, i.e. ‘simulTX-SRS-AntSwitchingIntraBandUL-CA-r16’ or simulTX-SRS-AntSwitchingInterBandUL-CA-r16 can be required. For UE feature 6, capability for simultaneous RF tuning can be required as depicted in the below figure.
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Figure1. Example of multiple SRS carrier switches on two carriers

For two-overlapped SRS carrier switches in figure 1, two RF tuning times on the different CCs are also overlapped. To support multiple SRS carrier switches, UE should have capability to implement RF tuning simultaneously or to implement RF tuning sequentially within the reported RF tuning time (e.g. SRS-SwitchingTimeNR). 

Observation 1: To support multiple SRS carrier switches, the UE features for UL CA, simultaneous transmission of SRS antenna switching and simultaneous RF tuning may be required.

Proposal 2: To support multiple SRS carrier switches on multiple carriers, discuss and introduce new UE capability to report whether UE can support simultaneous RF tuning.

Support of aperiodic SRS carrier switching with available slot
If UE can support both SRS carrier switching and available slot for aperiodic triggering on DL only carrier, we think aperiodic SRS carrier switching can be supported with available slots. This is because there is no restriction on combination between aperiodic SRS carrier switching and available slot. If the available slots is supported, aperiodic SRS carrier switching can be triggered more flexibly. However, RAN1 didn’t decide whether to support both SRS carrier switching and available slots and didn’t discuss details of aperiodic SRS carrier switching with available slot. So, further discussion is needed. Considering the below note marked as yellow in the Rel-17 agreement [3], UE determines available slot first and then applies the dropping rules for collision handling between triggered aperiodic SRS and other UL channel/signal. 
 
	Agreement
Confirm the following working assumption with modifications
An “available slot” is a slot satisfying there are UL or flexible symbol(s) for the time-domain location(s) for all the SRS resources in the resource set and it satisfies UE capability on the minimum timing requirement between triggering PDCCH and all the SRS resources in the resource set.
· From the first symbol carrying the SRS request DCI and the last symbol of the triggered SRS resource set, UE does not expect to receive SFI indication, UL cancellation indication or dynamic scheduling of DL channel/signal(s) on flexible symbol(s) that may change the determination of “available slot”.
· Note: Collision handling between the triggered SRS and any other UL channel/signal is performed after the determination of available slot.
· FFS: Rules to handle the case of multiple SRS resource sets with overlapping symbols and/or triggered by a same DCI



In our understanding, UE determines available slot first on the DL only CC that aperiodic SRS carrier switching is triggered with indication of available slot by scheduling DCI then, UE will apply dropping rules between SRS carrier switching on the DL only CC and any other UL channel/signal on the different CC. To make this clear, RAN1 should discuss and clarify aperiodic SRS carrier switching with the configuration for available slot.

Observation 2: In Rel-17 agreement, UE determines available slot for aperiodic SRS first and then UE applies the dropping rules for collision handle between the triggered SRS and any other UL channel/signal.

Proposal 3: Support aperiodic SRS carrier switching with the configuration of available slot and discuss details on how to determine available slot and apply dropping rules between aperiodic SRS carrier switching and any other UL channel/signal.

Conclusion
In this contribution, the following proposals is given: 
Observation 1: To support multiple SRS carrier switches, the UE features for UL CA, simultaneous transmission of SRS antenna switching and simultaneous RF tuning may be required.
Observation 2: In Rel-17 agreement, UE determines available slot for aperiodic SRS first and then UE applies the dropping rules for collision handle between the triggered SRS and any other UL channel/signal.
Proposal 1: Support multiple SRS carrier switches on multiple carriers and discuss the details on required UE features to support multiple SRS carrier switches.
Proposal 2: To support multiple SRS carrier switches on multiple carriers, discuss and introduce new UE capability to report whether UE can support simultaneous RF tuning.
Proposal 3: Support aperiodic SRS carrier switching with the configuration of available slot and discuss details on how to determine available slot and apply dropping rules between aperiodic SRS carrier switching and any other UL channel/signal.
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