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1	Introduction
In RAN1#114 support for DCI formats 1_1 and 1_2 was discussed [1], and the following agreement was made.
Agreement
Select one of the following two alternatives in RAN1#114bis:
· Alt 1: RAN1 concludes that DCI 1_1 and 1_2 triggering are supported for aperiodic SRS carrier switching in Rel-15
· Alt 2: RAN1 agrees to introduce Rel-17 UE capability signalling related to support of DCI 1_1 and 1_2 triggering for aperiodic SRS carrier switching.

In further discussion in RAN1#114bis, the need for a Rel-17 UE capability was further discussed, as were SRS configuration and transmission constraints (including new aspects arising from Rel-17 SRS transmission features) and the need for related specification corrections.  In this contribution, we review the discussions and open issues identified in RAN1#114bis [2], providing proposals for a way forward.  A supporting Rel-17 draft CR that explicitly identifies the DCI formats supported for aperiodic SRS carrier switching, that the UE transmits SRS on one serving cell scheduled by the DCI, and that at most one or two SRS resource sets are used is given in [3].
[bookmark: _Ref178064866]2	Discussion
2.1 Need for UE capability for support of DCI format 1_1 and 1_2
Regarding whether UE capability is needed for support of DCI 1_1 and 1_2 triggering for aperiodic SRS carrier switching, in the agreement below from RAN1#114, Alt 1 had near-unanimous support, however one company had concerns that two DL DCIs or DCI 2_3 and a DL DCI could overlap in time, which may lead to the need for a new UE capability.  These concerns needed to be addressed before resolving the UE capability issue, and so this aspect was left for further discussion in RAN1#115, with Proposal #1 below from [2] as a suggested starting point.
	Agreement (RAN1#114)
Select one of the following two alternatives in RAN1#114bis:
· Alt 1: RAN1 concludes that DCI 1_1 and 1_2 triggering are supported for aperiodic SRS carrier switching in Rel-15
· Alt 2: RAN1 agrees to introduce Rel-17 UE capability signalling related to support of DCI 1_1 and 1_2 triggering for aperiodic SRS carrier switching.

Proposal #1: (RAN1#114bis)
In RAN1#115, further discuss introducing two new UE features, addressing
1. SRS carrier switching where the UE is configured such that it may be triggered for switching by DCI format 2_3 only or both of DCI formats 2_3 and 1_1/1_2.
2. SRS carrier switches triggered by multiple DCI format 1_1/1_2 PDCCHs




Observation 2.1.1:
· There is consensus in RAN1 that DCI 1_1 and 1_2 triggering are supported for aperiodic SRS carrier switching, but one UE vendor may need additional UE capabilities when triggered by multiple DCI format 1_1/1_2 PDCCHs or by DCI 2_3 in addition to DCI format 1_1/1_2.

An intermediate proposal was discussed in RAN1#114bis [2] that addresses the concerns above by adding the text in square brackets (highlighted below):
	Proposal (RAN1#114bis):
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 DCI 2_3 is not configured and only one uplink carrier is configured with SRS carrier switching].
· Further discuss the case where DCI 2_3 and one uplink carrier is configured with SRS carrier switching



After further offline discussion, our understanding of the proponent’s intent is that the bracketed text should be clarified as “if a UE is configured by SRS-CarrierSwitching on only a carrier of one serving cell and is not configured with DCI format 2_3”.   Since it is in general desirable to minimize UE capabilities, as an alternative to defining two new UE features, one addressing DCI 2_3 and the other multiple DCI 1_1/1_2 triggers, a single UE feature capturing both aspects according to the clarified text could be defined. 
According to current UE capabilities, UEs that support SRS carrier switching must do so for any combination of DCI 1_1/1_2 triggers from multiple cells or with DCI format 2_3 that the UE can support SRS carrier switching upon.  Adding capability for UEs that support SRS carrier switching with constraints on how it can be configured can avoid the need for these UEs to under report support for SRS carrier switching, potentially enabling more UEs to support carrier switching.  
Observation 2.1.2:
· Since DCI 1_1 & 1_2 are supported for SRS carrier switching triggering, according to current UE capabilities, UEs that support SRS carrier switching must do so for any combination of DCI 1_1/1_2 triggers from multiple cells or with DCI format 2_3 that the UE can support SRS carrier switching upon.
· Adding capability for UEs that support SRS carrier switching only with constrained configurations could avoid the need for such UEs to under report support for carrier switching.

We therefore suggest to adopt one of the following 3 alternatives.  Our preference would be Alt 1.  However, if UE vendors require a UE capability, we would then prefer Alt 2, followed by Alt 3.
Proposal 2.1:
Adopt one of the following alternatives for SRS carrier switching triggered by DCI 1_1/1_2:
· Alt 1: 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, and no new UE capability is defined for the support of DCI 1_1 and 1_2 triggering for aperiodic SRS carrier switching
· Alt 2: Define one Rel-17 UE capability where the UE supports SRS carrier switching triggered by DCI 1_1/1_2 for only a carrier of one serving cell and when not configured with DCI format 2_3.
· Alt 3: Define two Rel-17 UE capabilities:
· Capability #1: The UE supports SRS carrier switching triggered by DCI 1_1/1_2 for only a carrier of one serving cell. 
· Capability #2: The UE supports SRS carrier switching triggered by DCI 1_1/1_2 when not configured with DCI format 2_3.

2.2 SRS configuration and transmission constraints
Various proposals were discussed to clarify how SRS should be configured and the constraints on SRS transmission (e.g. on how many cells) in RAN1#114, leading up to Proposal #3 in [2].  In this section, we further consider these aspects as well as how to solve problems that were identifiedd.
From discussions in RAN1#114bis in [2], there appeared to be consensus for the following:
· For an aperiodic SRS triggered in DCI format 1_1 or 1_2, the UE transmits SRS on one serving cell scheduled by the DCI.
· That the UE must use SRS resource sets with usage ‘antennaSwitching’ for SRS carrier switching is explicitly specified in the case of triggering with DCI format 2_3, but not for other DCI formats.
· It is not explicitly stated in L1 specifications that the carrier switching SRS is transmitted on at most one serving cell scheduled by DCI 1_1 or 1_2.
· UEs support at least self-scheduling for DCI 1_1/1_2 triggered aperiodic SRS carrier switching.  Cross-carrier scheduling can be additionally supported according to capability for cross-carrier scheduling.

Observation 2.2.1:
There was consensus in RAN1#114bis [2] for aperiodic carrier switching with DCI 1_1/1_2 that the UE
· Transmits SRS on one serving cell scheduled by the DCI and that this is not explicitly stated in L1 specifications
· Must use SRS resource sets with usage ‘antennaSwitching’ for SRS carriers switching and that this is stated for the case of triggering with DCI format 2_3, but not for other DCI formats
· Supports at least self-scheduling for DCI 1_1/1_2 triggered aperiodic SRS carrier switching.  
· Cross-carrier scheduling can be additionally supported according to capability for cross-carrier scheduling.

Rel-17 supports antenna switching configurations with more than two SRS resource sets.  Therefore, it was asked [2] if Rel-17 SRS antenna switching configurations that require more than two SRS resource sets were intended to be precluded for use with aperiodic SRS carrier switching.  Five companies thought that more than two SRS resource sets should be supported and the specifications should be corrected, with no new UE capability. Three companies thought that it is not supported by current specs and the specs should not be changed at this time, of which some thought that a TEI could be used to support more than two set configurations. Therefore, at this stage, it seems difficult to change the specs to state support for more than two SRS resource sets with aperiodic SRS carrier switching. However, the Moderator highlighted that some companies concerned with modifying the spec to support more than two SRS resource sets suggested a TEI to add support for more than two SRS resource sets.
Observation 2.2.2:
· A majority of companies thought that support for Rel-17 antenna switching configurations with more than two SRS resource sets should be supported and the specifications should be corrected, with no new UE capability.  
· On the other hand, multiple companies did not want a spec change at this time. 
· Of the companies that did not want a spec change, some suggested a TEI to support more than two SRS resource sets.
It was also discussed if DCI format 0_1/0_2 could support aperiodic SRS carrier switching for Rel-17 SRS-only triggers.  There was not consensus for this, and it was pointed out that PUSCH-less operation does not appear to be supported for the SRS-only triggers since DCI format 0_1/0_2 require PUSCH to be configured to determine DCI field sizes.
Observation 2.2.3:
· Since current specifications do not explicitly state which DCI formats are supported, it is not straightforward to establish that DCI 0_1/0_2 is not supported for aperiodic SRS carrier switching.

These observations led to the following text proposal from [2] that explicitly identifies the DCI formats supported for aperiodic SRS carrier switching, that the UE transmits SRS on one serving cell scheduled by the DCI, and that at most one or two SRS resource sets are used.  We make it again here, this time toward the Rel-17 specs. Since this CR should reflect the behavior of Rel-15/16 UEs it can be quite helpful to clarify this in the cover sheet with the ‘magic sentence’ indicator there would be no interoperability issues if the CR is implemented in an earlier release than Rel-17.

Proposal 2.2:
· Change 38.214 section 6.2.1.3 in a Rel-17/18 CR as follows, and as given in [3]
· Capture on the cover sheet of the CR: “This CR can be implemented in earlier releases than the CR without causing interoperability issues”

Text Proposal 2.2
	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 it is configured by SRS-CarrierSwitching, the UE 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’.
[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.



2.3 Support for available slots in SRS carrier switching
During RAN1#114bis, it was also noticed that Rel-17 SRS supports available slot triggering, and whether this can apply to DCI 1_1/1_2 based SRS carrier switching should be further discussed.  Therefore, the Moderator suggested to further investigate the issue in RAN1#115 with the following:

	Proposal#4 (RAN1#114bis)
Further discuss in RAN1#115 if available slot operation can be applied to aperiodic SRS carrier switching triggered by DCI 1_1/1_2.



Available slot operation allows more flexible triggering of aperiodic SRS since an offset can be dynamically indicated in DCI, whereas Rel-15 operation uses a configured value of the time offset from the triggering PDCCH.  As can be observed below in the excerpt from 38.214 section 6.2.1 it is only supported for DCI scheduling PUSCH/PDSCH and DCI 0_1/0_2 SRS-only transmission, and so is not supported for SRS carrier switching with DCI format 2_3.
	-	t is configured via higher layer parameter availableSlotOffsetList with up to four different values of AvailableSlotOffset for each triggered SRS resources set and it is based on the subcarrier spacing of the triggered SRS transmission. When one or more SRS resource sets across all configured BWPs in a component carrier are configured, and at least one resource set is configured with availableSlotOffsetList parameter of more than one values, the indicated value of t is indicated by SOI field in DCI scheduling PUSCH/PDSCH and DCI 0_1/0_2 without data and without CSI request described in [5, TS 38.212]. The UE shall apply indicated value t specifically for those sets with configured availableSlotOffsetList parameter. When one or more SRS resource sets across all configured BWPs in a component carrier are configured and at least one resource set is configured with availableSlotOffsetList parameter, and the availableSlotOffsetList parameter for each SRS resource set has only one value, the UE shall apply the configured value specifically for those sets with configured availableSlotOffsetList parameter. For SRS resource set configured with availableSlotOffsetList parameter, each of resource set is configured with K values of AvailableSlotOffset. For SRS resource set configured without availableSlotOffsetList parameter, t = 0 is applied for the resource set.



The timing of SRS carrier switching is described in 38.214 section 6.2.1.3 with the following.  We observe that the timing for SRS carrier switching is such that the transmission of the SRS is no earlier than the sum of the UE capability for the minimum time interval between the DCI triggering and aperiodic SRS transmission and the capability for switching time.  This behavior is different than the timing with SRS offset indication in available slot operation, and also does not take into account the configured values in availableSlotOffsetList.  Consequently, it does not appear that SRS carrier switching supports Rel-17 available slot operation for SRS.

	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, except if the previous SRS transmission is in the same cell c and the UE reports SRS-StayInTargetCC for the corresponding band combination.
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.



Observation 2.3:
· SRS carrier switching timing as specified in 38.214 section 6.2.1.3 does not use the parameter AvailableSlotOffset, and so does not appear to support Rel-17 SRS transmission using available slots.
2.4 Power control for SRS carrier switching
Although the use of power control is network implementation, this is not clear for the case of DCI format 1_1/1_2 with SRS carrier switching in the current version of 38.213.  The focus in the current specification is on where power control commands are available, and where they are not available is not explicitly addressed.  As discussed in more detail in [1], 38.213 section 7.3.1 states that when PUSCH is not configured on the BWP,  is jointly coded with other TPC commands in a format 2_3 DCI.  This should be read with the understanding that format 2_3 is optional when SRS carrier switching is used, i.e. as ‘ is jointly coded with other TPC commands in a format 2_3 DCI, if present’.  However, the behaviour for other optional values is explicitly described for power control, e.g. for srs-PowerControlAdjustmentStates and tpc-Accumulation.  Since these are explicitly called out, to be consistent, the behaviour for format 2_3 could be interpreted as that when PUSCH is not configured on the BWP, a UE should expect it may receive a format 2_3 DCI with a TPC command jointly coded with a .  
[bookmark: _Toc146620957]The specification of SRS carrier switching power control in 38.213 section 7.3.1 should be read as not requiring (the optional) DCI format 2_3, however this is inconsistent with the specification of other optional power control features for SRS carrier switching such as srs-PowerControlAdjustmentStates and tpc-Accumulation.
Observation 2.4:
Identifying that the UE only receives power control commands from DCI 2_3 and applies closed loop power control for SRS carrier switching when the UE is configured with the optional parameter tpc-SRS-RNTI can be done with the following change to 38.213 section 7.3.1:
Text Proposal 2.4:
	



-	For the SRS power control adjustment state for active UL BWP  of carrier  of serving cell  and SRS transmission occasion 


-	, where  is the current PUSCH power control adjustment state as described in Clause 7.1.1, if srs-PowerControlAdjustmentStates indicates a same power control adjustment state for SRS transmissions and PUSCH transmissions; or




-	 if the UE is not configured for PUSCH transmissions on active UL BWP  of carrier  of serving cell , or if srs-PowerControlAdjustmentStates indicates separate power control adjustment states between SRS transmissions and PUSCH transmissions, and if tpc-Accumulation is not provided but tpc-SRS-RNTI is provided, where 

-	The  values are given in Table 7.1.1-1

-	 is jointly coded with other TPC commands in a PDCCH with DCI format 2_3, as described in Clause 11.4



While in our view text proposal 2.4 is needed given the inconsistent identification of optional parameters in 38.213 power control, there was not much support for it from other companies in RAN1#114 or in RAN1#114bis.  However, if support for DCI 1_1 and 1_2 with SRS carrier switching is clearly given elsewhere in specifications, in particular in 38.214 section 6.2.1.3 as proposed above, there is less risk of assuming that DCI 2_3 based power control is required for SRS carrier switching. 
[bookmark: _Toc146620961]Proposal 2.4:
· Revisit the need to correct 38.213 section 7.3.1 for the optional use of DCI 2_3 based power control if corrections to SRS configurations and which cells the SRS is transmitted on are not made in 38.214 section 6.2.1.3.
Conclusion
In this contribution, we have considered what is supported for aperiodic SRS carrier switching and what should be clarified in the RAN1 specifications.  Our observations and proposals can be summarized:
Regarding the need for UE capability for support of DCI format 1_1 and 1_2 with SRS carrier switching:
While there is good consensus for, and common understanding of, the operation of downlink DCI triggering of SRS carrier switching in RAN1#114bis, a concern was raised regarding support for combinations of triggers.  Therefore, the proposal on UE capabilities was revised.

Observation 2.1.1:
· There is consensus in RAN1 that DCI 1_1 and 1_2 triggering are supported for aperiodic SRS carrier switching, but one UE vendor may need additional UE capabilities when triggered by multiple DCI format 1_1/1_2 PDCCHs or by DCI 2_3 in addition to DCI format 1_1/1_2.
Observation 2.1.2:
· Since DCI 1_1 & 1_2 are supported for SRS carrier switching triggering, according to current UE capabilities, UEs that support SRS carrier switching must do so for any combination of DCI 1_1/1_2 triggers from multiple cells or with DCI format 2_3 that the UE can support SRS carrier switching upon.
· Adding capability for UEs that support SRS carrier switching only with constrained configurations could avoid the need for such UEs to under report support for carrier switching.
Proposal 2.1:
Adopt one of the following alternatives for SRS carrier switching triggered by DCI 1_1/1_2:
· Alt 1: 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, and no new UE capability is defined for the support of DCI 1_1 and 1_2 triggering for aperiodic SRS carrier switching
· Alt 2: Define one Rel-17 UE capability where the UE supports SRS carrier switching triggered by DCI 1_1/1_2 for only a carrier of one serving cell and when not configured with DCI format 2_3.
· Alt 3: Define two Rel-17 UE capabilities:
· Capability #1: The UE supports SRS carrier switching triggered by DCI 1_1/1_2 for only a carrier of one serving cell. 
· Capability #2: The UE supports SRS carrier switching triggered by DCI 1_1/1_2 when not configured with DCI format 2_3.

For specification corrections to identify SRS configuration and transmission constraints
The need to explicitly identify the supported SRS configurations and transmission constraints in L1 specifications was further discussed in RAN1#114bis.  Consensus was reached on a number of these aspects that in our view clearly support the need for a specification correction.  We therefore reiterate the text proposal from [2] that explicitly identifies the DCI formats supported for aperiodic SRS carrier switching, that the UE transmits SRS on one serving cell, and that at most one or two SRS resource sets are used, but target the Rel-17 version of 38.214. 

Observation 2.2.1:
There was consensus in RAN1#114bis [2] for aperiodic carrier switching with DCI 1_1/1_2 that the UE
· Transmits SRS on one serving cell scheduled by the DCI and that this is not explicitly stated in L1 specifications
· Must use SRS resource sets with usage ‘antennaSwitching’ for SRS carriers switching and that this is stated for the case of triggering with DCI format 2_3, but not for other DCI formats
· Supports at least self-scheduling for DCI 1_1/1_2 triggered aperiodic SRS carrier switching.  
· Cross-carrier scheduling can be additionally supported according to capability for cross-carrier scheduling.
Observation 2.2.2:
· A majority of companies thought that support for Rel-17 antenna switching configurations with more than two SRS resource sets should be supported and the specifications should be corrected, with no new UE capability.  
· On the other hand, multiple companies did not want a spec change at this time. 
· Of the companies that did not want a spec change, some suggested a TEI to support more than two SRS resource sets.
Observation 2.2.3:
· Since current specifications do not explicitly state which DCI formats are supported, it is not straightforward to establish that DCI 0_1/0_2 is not supported for aperiodic SRS carrier switching.

Proposal 2.2:
· Change 38.214 section 6.2.1.3 in a Rel-17/18 CR according Text Proposal 2.2 and [3]
· Capture on the cover sheet of the CR: “This CR can be implemented in earlier releases than the CR without causing interoperability issues”

On if SRS carrier switching supports Rel-17 available slots for SRS
During RAN1#114bis, it was also noticed that Rel-17 SRS supports available slot triggering, and whether this can apply to DCI 1_1/1_2 based SRS carrier switching was proposed to be further discussed [2].  Considering how SRS carrier switching timing and SRS transmission using available slot timing are specified, we made the following observation: 

Observation 2.3:
· SRS carrier switching timing as specified in 38.214 section 6.2.1.3 does not use the parameter AvailableSlotOffset, and so does not appear to support Rel-17 SRS transmission using available slots.

Regarding corrections for DCI 2_3 based power control and SRS carrier switching operation:
While in our view text proposal 2.4 is needed given the inconsistent identification of optional parameters in 38.213 power control, there was not much support for it from other companies in RAN1#114 or in RAN1#114bis.  However, if support for DCI 1_1 and 1_2 with SRS carrier switching is clearly given elsewhere in specifications, in particular in 38.214 section 6.2.1.3 as proposed above, there is less risk of assuming that DCI 2_3 based power control is required for SRS carrier switching. 
Proposal 2.4:
· Revisit the need to correct 38.213 section 7.3.1 for the optional use of DCI 2_3 based power control if corrections to SRS configurations and which cells the SRS is transmitted on are not made in 38.214 section 6.2.1.3.
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