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1	Introduction
In this contribution, we summarize the continuation of the discussion triggered in RAN1#114 by R1-2308180 on aperiodic triggering support for SRS carrier switching [1] [2]. Issues addressed here for DCI 1_1/1_2 include:
How existing UE capability supports aperiodic SRS carrier switching triggering, and whether a new Rel-17 UE capability is needed
How aperiodic SRS is transmitted on serving cells, and on how many it is transmitted
How SRS resource sets are configured
Power control for SRS carrier switching 
General aspects treated include:
Support for Rel-17 antenna switching configurations with SRS carrier switching
Support for multiple triggers
Support for available slots in SRS carrier switching

This contribution is a revision of R1-2312459, providing a summary and suggestion for a way forward in the conclusion.
2	Discussion
2.1 Need for UE capability for support of DCI format 1_1 and 1_2
The agreement below was made in RAN1#114 regarding whether UE capability is needed for support of DCI 1_1 and 1_2 triggering for aperiodic SRS carrier switching 
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 Moderator’s understanding, company views on Alt 1 vs. Alt 2. from contributions into this meeting can be summarized with the following options:
1. Support Alt 1, i.e. no new capability is needed for support of A-SRS carrier switching
a. Support: Ericsson, Oppo, Qualcomm, ZTE
2. Support Alt 1, i.e. no new capability is needed for support of A-SRS carrier switching, and further clarify
a. Nokia (Further clarify that the UE does not expect to be triggered with conflicting or colliding carrier-switching SRSs)
3. Prior to deciding among Alt 1 and Alt 2, reach a consensus on what existing (if any) capabilities must be reported by UE to indicate support of triggering A-SRS for carrier switch by self-scheduling UE specific DL DCI 1_1
a. Apple
4. For triggering one aperiodic SRS carrier switching by DCI format 1_1/1_2, new UE feature is not needed 
a. Samsung, Huawei (if FG 22-8 is supported for SRS carrier switching)
5. New UE capability is needed for when more than one SRS carrier switching is triggered by more than one DCI 1_1/1_2/2_3
a. Huawei (UE supports out of order triggering with a PDCCH to SRS delay constraint) 
6. No opinion offered on Alt 1 vs. Alt 2
a. Fujitsu
It seems that there would be consensus if mutual understanding can be reached on what capabilities are to be supported.  Therefore, we would like to first see if this is possible.  There was general agreement for the following in RAN1#114bis, and we can see if companies can agree.  Regarding the support of 22-8, our understanding is that it is proposed to be applicable for SRS carrier switching, not required for it, and so that is addressed in following proposals.  

									
Proposal 2.1.1: Please indicate if you support the following proposal, and if not please comment indicating what the correct set of minimum features required for SRS carrier switching are.
	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.

	Company
	Support (Y/N)
	Comments

	Fujitsu
	Y
	

	Apple
	Y
	Seems “Conclusion” is missing 

	Samsung
	Y
	

	Moderator
	
	Added ‘conclusion’ to the proposal in section 3.1



Presuming that Proposal 2.1.1 is agreeable, then from the analysis above, we would like to see if all companies would be OK with the following, which addresses the concerns raised above. Here, FG 22-8 is supported and the case where only one SRS is triggered, where UE will not expect collision/conflict.

Proposal 2.1.2: Please indicate if you support the following proposal, and if not, what changes would be needed for it to be agreeable.
	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 one SRS is triggered by a single DCI.
· Existing UE capabilities include FG 22-8
· Further discuss the case of multiple DCIs, including collision and out of order


	Company
	Support (Y/N)
	Comments

	Fujitsu
	Y
	

	Apple
	Y
	

	Samsung
	Y
	We are fine with either this or updated version.

	Moderator
	
	Thanks all for the comments.  Based on further discussion offline, please find a revised proposal in section 3.1.



Different views were expressed on whether new UE capabilities to support multiple DCIs are needed or not.  In [2], the following proposals are made, which imply that overlaps in time between triggered SRS with multiple 1_1/1_2 DCIs is not specified and that time gaps between triggered SRS transmissions can be closer than the sum of switch-back and switch-to time:

	Proposal 2: For the case where more than one SRS carrier switching are triggered by more than one DCIs, a scheduling restriction to avoid overlaps in time between the triggered SRS transmissions will be specified either in UE capability or TS 38.214.
· The combination of more than one DCIs includes the combination among DCI 2_3, DCI 1_1 and DCI 1_2.
Proposal 3: For SRS carrier switching, when more than one SRS carrier switching are triggered by more than one DCIs, the time gaps between two triggered SRS transmissions should be no smaller than the sum of switch-back time and switch-to time. 
· Capture the above either in UE capability or TS 38.214.
· The switch-back time refers to the RF retuning time indicated by switchingTimeUL and switchingTimeDL of SRS-SwitchingTimeNR for the first triggered SRS carrier switching
· The switch-to time refers to the RF retuning time indicated by switchingTimeUL and switchingTimeDL of SRS-SwitchingTimeNR for the second triggered SRS carrier switching
· FFS: in which release to capture it



However, [3] argues that multiple DCI collision can happen with DCI 2_3 alone, for example when 2_3 received in different slots may trigger SRS in different CCs at the same time, and that such a collision could be considered an error case.  Therefore, a first question that needs to be addressed is if aperiodic SRS carrier switching collisions caused by multiple DCI triggers are covered by existing specifications.  Given that outcome, proposals by some companies that the UE does not expect to receive multiple DCIs triggering colliding SRS CS triggers received in different DCIs can also be addresssed.  

Collisions caused by aperiodic triggers on the switching-to cell are covered by 38.213 6.2.1.3 with the following:

	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.



In [2], it is argued that the overlap between multiple SRS transmissions triggered by single DCI 2_3 is precluded, where the previous SRS transmissions are triggered by the same DCI, in moderator’s understanding of the argument by the text “on a grant” highlighted above.  However, in Moderator’s view, for the n-th SRS transmission, if the UE receives a grant, the UE should commence transmission according to the conditions that follow, that is, there can be one grant for each of the n transmissions, such as by DCI 1_1/1_2/2_3, or there can alternatively be a single grant for all SRS transmissions as for DCI 2_3.  In other words, if there was only one grant, then “on a grant” should have been something like “on a grant for all of the n SRS transmissions”.

Question 2.1.1: Please indicate if you agree with the following statements and if neither is OK, suggest how the spec should be interpreted and/or clarified.
	a) Does the phrase in 38.214 section 6.2.1.3, “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 …”, cover the case where the n-th SRS transmissions is triggered by a grant of n grants, as well as where all of n>1 SRS transmissions is triggered by a single grant?
b) If not, please comment on if removing ‘on a grant’ would provide a needed clarification that each of the n SRS transmissions can be triggered by a grant of n grants

	Company
	Agree to
	Comments

	
	a)
	b)
	

	Fujitsu
	
	
	In the question a), what does it exactly mean by “triggered by a grant of n grants”?

	Qualcomm
	
	
	In our view, the current text only applies for the case of single grant. For the case of multiple grants, we would rather make it an error case (if we remove “on a grant” then we would be defining dropping rules that the UE has to implement)

	ZTE
	Y
	
	In our views, the interpretation in a) is correct. 

	Apple
	
	
	I assume by “a grant of n grants” you mean a single DCI triggering multiple A-SRS, which is our understanding of current spec. Overlapping A-SRS resources by different DCIs is just an error case. 

	Samsung
	
	
	We have same view as Apple. Our understanding is this description is for SRS triggering case with 2_3 which can trigger multiple SRS carrier switches.

	Moderator
	
	
	There does not seem to be common understanding yet, and further discussion is needed.



Assuming that the 38.214 section 6.2.1.3 text does apply to multiple DCIs, then whether a clarification such as Proposal 3 above from [2] is needed depends on if it already reflects that the time gaps between multiple triggered SRS transmissions includes the sum of switch-back and switch-to time.  Whether a UE returns to the switching-from carrier after each switch when the UE uses two SRS resource sets for switching (for e.g. 1T4R) was resolved by defining the UE capability SRS-StayInTargetCC (actually stayOnTargetCC-SRS-CarrierSwitch-r17 according to current 38.306) in RAN1#109.  In that capability, it is stated that if the UE does not report the capability, the UE switches back to source CC between the SRS resource sets.  One might infer from this behavior that except in the case the UE uses two sets for antenna switching, the UE always returns to the switching-from carrier after transmitting on a switching-to carrier.

Question 2.1.2: Please indicate if you agree with the following statements, and if not, comment on why the timing to switch to and back can be for only one grant, but not for when there would be n grants.
	a) In 38.214 section 6.2.1.3, except when the feature SRS-StayInTargetCC is used, for each switch to a switching-to cell, does “the UL or DL RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL of SRS-SwitchingTimeNR,” include both the time to switch to the switching-to cell and to switch back to the switching-from cell? 
b) If so, is the only evidence for this derived from the SRS-StayInTargetCC feature, or can you offer other specification support?

	Company
	Agree to
	Comments

	
	a)
	b)
	

	Fujitsu
	Y
	
	There is following text in the spec:
“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 text “any interruption” should indicate that both the time to switch to the switching-to cell and to switch back to the switching-from cell are included.

	Samsung
	Y
	
	Both times are included.

	Moderator
	
	
	While there seems to be agreement on this, and Moderator understands a) is the common understanding, given the limited feedback here, further discussion could be needed.




In [2], Proposal 4 copied below provides a capability that addresses the case where UEs may not be able to be triggered to transmit SRS except in a ‘first come, first served’, or an ‘in order’ basis.  A >= 19 symbol time gap between the second PDCCH and a first SRS reminiscent of FG 22-8 is required. The capability assumes that UEs in general do not support out of order transmission and also that UEs that do support out of order require the 19 symbol gap.  Since 22-8 is optional, and the UEs that support out of order are supposed to be more advanced, Moderator would like some clarification on whether the 19 symbol gap is required for the proposed capability or I optional.

	Proposal 4: A UE capability is introduced as 
· For more than one SRS carrier switching are triggered by more than one DCIs, support a DCI triggering case that the first DCI arrived earlier triggers a SRS transmission that is later than that triggered by the second DCI arrived later.
· The time gap between the first symbol of SRS transmission triggered by the first DCI and the end of the last symbol of PDCCH of the second DCI that arrives later than the first DCI should be no less than 19 symbols
· FFS: in which release




Question 2.1.3: Please provide your views and their rationale below.
	a) Do you think a UE capability is needed that is related to out of order triggering?  If so, do you think it should indicate that the UE only supports in order transmission, or that the UE supports out of order transmission? 
b) Also if so, should the capability for a UE that supports out of order transmission include a time gap as in Proposal 4 of [2]?

	Company
	Agree (Y/N)
	Comments

	
	a)
	b) 
	

	Fujitsu
	
	
	We think this needs more discussion.

	Qualcomm
	
	
	For the case of a group of source cell with (potentially more than one) targets, we would be OK with defining OOO. For the case of multiple groups (e.g. FR2 cells switching among themselves and FR1 cells switching among themselves), we think OOO would impose a large burden on the network and would rather not support it.

	ZTE
	
	
	To be honest, the motivation of OOO for SRS carrier switching is unclear to us. Do we really handle this new feature in the CR maintenance session. Maybe, Rel-19 or TEI may be more appropriated. In short, we think that, for now, UE only supports in order transmission. 

	Apple
	
	
	Similar view as ZTE

	Samsung
	
	
	We are okay to discuss further. In addition, we can discuss multi-DCI case also. 

	Moderator
	
	
	Further discussion seems needed.




2.2 SRS configuration and transmission constraints
From contributions into this meeting, our understanding is that 5 companies are OK with spec changes to clarify SRS configuration and transmission constraints for DCI 1_1/1_2.  Two companies do not see the need for a spec change.  Therefore, moderator would like to see if concerns for the two companies not supporting specification changes can be addressed.

There was general agreement last meeting on the following, and since they are not explicitly specified, the questions become if usage ‘antennaSwitching’ is required for carrier switching, and if carrier switching is transmitted on at most one serving cell scheduled by DCI 1_1/1_2.
a) 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.
b) 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.

One company interpreted a) above to mean that DCI formats can use other SRS ‘usages’ than ‘antennaSwitching’  [5].  In Moderator’s understanding, ‘antennaSwitching’ usage is required for SRS carrier switching.  It is expected to be generally understood that the primary use case is for CSI, and for this case the UE must transmit SRS that can be used for CSI, that is the UE receive and transmit must be reciprocal.  We note that even the single antenna ports case is not guaranteed to support reciprocity: UEs could virtualize antennas for example to form the single port.  This lead to the 1T1R switching capability in Rel-15.  Furthermore, restricting the usage to be for ‘antennaSwitching’ for triggering by DCI 2_3 but not 1_1/1_2 seems hard to understand: whether it is group common or UE specific, the antenna switching procedure for SRS once the UE is triggered should be the same.  Similarly, there is no UE capability for carrier switching without usage antennaSwitching, which would imply extra implementation effort on UE’s part, since it would need to support carrier switching without usage ‘antennaSwitching’, possibly for any ‘usage’, if it is indeed supported by specification.

Question 2.2.1: Please indicate if you agree with the following statement. If not, please elaborate why carrier switching dependence on usage among DCI 1_1/1_2/2_3 not should be aligned, and if UE is required to support SRS carrier switching with usages ‘codebook’, ’nonCodebook’, and ‘beamManagement’.
	SRS carrier switching can only use SRS resource sets with usage ‘antennaSwitching’

	Company
	Agree to
	Comments

	
	a)
	b)
	

	Fujitsu
	
	
	Yes. The carrier switching only use SRS with usage of antennaSwitching.

	QC
	
	
	Yes

	ZTE
	
	
	We agree that SRS carrier switching can only use SRS resource sets with usage ‘antennaSwitching’. But, we have to say, DCI 1_1/1_2/2_3 can trigger any types of SRS in CA, not only for antenna switching but also for other usage.

	Samsung
	
	
	Yes

	Moderator	
	
	
	Thanks all for the comments.  Based on further discussion offline, please find a revised proposal in section 3.1.



Regarding whether carrier switching SRS is transmitted on at most one serving cell scheduled by DCI 1_1 or 1_2, it is pointed out that there was a conclusion as follows [5].  However, this conclusion does not address SRS carrier switching, nor DCI 1_2, so while it can provide some inspiration on the behavior of cross carrier scheduling, it seems difficult to say that the conclusion above precludes the need for text that identifies how SRS is transmitted for DCI 1_1/1_2.

	[bookmark: _Hlt25050083][bookmark: _Hlt25050084]R1-1911941	Discussion on carrier index in SRS triggering	ZTE
Conclusion
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



Regarding the number of supported SRS resource sets, 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 the last meeting, it seemed difficult to change the specs to state support for more than two SRS resource sets with aperiodic SRS carrier switching. However, views may have evolved since last meeting, and so we repeat the question to see if the support for more than two sets has changed.

Question 2.2.2: Please provide your view below
	Do you think the limitation to one or two SRS resource sets should be removed from 38.214 6.2.1.3, i.e. UE can use any SRS resource set configuration for SRS antenna switching that it supports for SRS carrier switching? 

	Company
	Agree
Y/N
	Comments

	Fujitsu
	Y
	The restriction of one or two SRS resource sets should be removed for Rel-17.

	QC
	Y
	

	ZTE
	Y
	

	Samsung
	
	We are fine with this if there is benefit.

	Moderator
	
	Thanks all for the comments.  Based on further discussion offline, please find a revised proposal in section 3.1.



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.
Since there is limited online time in this meeting we provide the following proposal, although it is a bit premature given the open questions above.  It will be revised as needed based on the discussion, including to remove the limitation to two SRS resource sets if there is agreement to do so above from Question 2.2.2.

Question 2.2.3: Please indicate your views on the proposal 2.2. If you do not support, please indicate for the case of SRS carrier switching how the supported DCIs, the requirement for ‘antennaSwitching’ SRS, the constraint that UE transmits SRS on one serving cell, and that at most 2 SRS resource sets are allowed can be identified from the current specifications.
	Company
	Support (Y/N)
	Comments

	ZTE
	N
	Regarding aperiodic SRS triggered by DCI format 1_1 or 1_2, additional spec change is not needed and then the following can be concluded, if needed: 
· The following conclusion in RAN1#99 for clarifying the serving cell of the triggered SRS can apply to the case of DCI format 0_2/1_2 as well.
· 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
· The SRS triggered by DCI format 0_1, 0_2, 1_1, and 1_2 is not only for usage of “antenna switching”, but also applicable for other usages.

	Moderator
	
	Thanks to ZTE for the comments.  Based on further discussion offline, please find a revised proposal in section 3.1.

	
	
	



Proposal 2.2:
· Change 38.214 section 6.2.1.3 in a Rel-17/18 CR as follows, and as given in [4]
· 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.



In RAN1#115, three companies voiced support for at least considering available slots with SRS carrier switching, although at least one wanted some discussion of how it could work before supporting it.  On the other hand, one company indicated that it is not supported by current specifications.
Question 2.3: 
	Is available slot operation supported for use with SRS carrier switching?  If so, please explain which part of the specifications support it and additional changes needed to support it fully, if any. If not, please give examples of which part(s) of the specification lack support for available slot operation.

	Company
	Agree (Y/N)
	Comments

	Fujitsu
	N
	The available slot was introduced for Rel-17, and was not applicable for SRS carrier switching, and correspondingly DCI 2_3 was not enhanced in Rel-17.

Now, if available slot is applicable for the SRS carrier switching triggered by DCI 1_1/1_2, then how to interpret the behaviour triggered by DCI 2_3?

When available slot operation is enabled, at least one SRS resource set is configured with the availableSlotOffsetList by RRC. However, if only one value of ‘t’ is configured, then the corresponding DCI field is 0 bit. In such case, how to interpret the DCI 2_3? Does it mean available slot is used or not?


	Qualcomm
	Y
	The current specifications work for the case where the availableSlotOffsetList has a single entry. We can conclude that SRS CS with 2_3 is not supported for the case of availableSlotOffset having more than 1 entry.

	ZTE
	Y
	In our view, if UE support Rel-17 enhancement for available slot operation, and then QC’s suggestion seems reasonable for the UE support available slot operation.  

	Samsung
	Y
	In the spec, there is no limitation about the combination between SRS carrier switching and available slot operation.

	Moderator
	
	Further discussion seems needed.




2.4 Power control for SRS carrier switching
In RAN1#114, it was proposed to correct that power control commands are not always used for SRS carrier switching, which in turn would preclude DCI format 1_1/1_2 as well as constrain DCI format 2_3 to use group based power control.  There continues to be not much support for this proposal in this meeting.  However, the proponent of the power control corrections in 38.213 is of the view that if support for DCI 1_1 and 1_2 with SRS carrier switching is clearly given elsewhere in specifications there is less risk of assuming that DCI 2_3 based power control is required for SRS carrier switching [9]. Therefore, Moderator will defer further discussion of power control, and revisit it if needed according to if and how DCI 1_1/1_2 support is clarified in the specifications.
3 Summary of discussion so far and way forward
3.1 First round summary 
Based on the discussion here and offline discussion, we make the following proposals for aspects that could converge; other aspects require further discussion.
Proposal 2.1.1 addresses minimum UE capabilities, which can help resolving amongst the alternatives in the following RAN1#114 agreement. Proposal 2.1.2 addresses the need for UE capabilities for DCI 1_1/1_2 in the single DCI case, since the collision and out of order issues and the related specification for multiple DCI case is still being discussed. 
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.

 
Proposal 2.1.1: 
	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.


 
Proposal 2.1.2: 
	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)
· Further discuss the case of multiple DCIs , including collision and out of order
· new UE capability is not precluded for this case.


 
Proposal 2.2 addresses for the case of SRS carrier switching, identifies the supported DCIs, that ‘antennaSwitching’ SRS is used, the constraint that the UE transmits SRS on one serving cell, and that at most 2 SRS resource sets are allowed.  Moderator notes that a majority of companies thought that ‘at most two’ could be removed from both the 1_1/1_2 proposal below and from the existing specification for DCI 2_3.  However, at least one company wanted ‘at most two’ to be kept, and given that 1_1/1_2 should be consistent with 2_3, ‘at most two’ is kept here.  Moderator notes that companies suggesting that ‘at most two’ should be kept in RAN1#114bis suggested it could be proposed in a TEI.

A concern was raised that the conclusion below has apparently not been updated after 1_2 and 0_2 were defined. 
	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



To ensure no misunderstanding that the change for 1_1/1_2 restricts the general case, a note is added to the proposal below.

 Proposal 2.2:
· Change 38.214 section 6.2.1.3 in a Rel-17/18 CR as follows, and as given in [4]
· 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 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 0_2/1_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



3.2 Agreements 
Proposals 2.1.1, 2.1.2, and 2.2 were agreed (with a revision removing a typo 0_2/1_2), as copied below.  

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)

Proposal 2.2:
· Change 38.214 section 6.2.1.3 in a Rel-17/18 CR as follows, and as given in [4]
· 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 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





4 Conclusion and Way Forward
Given the agreements in section 3.2, the minimum UE capability for SRS carrier switching, the UE capability for at least the case where SRS is triggered by a single DCI is clear (with no new UE capability needed), and the SRS configurations and transmission for DCI 1_1/1_2 are explicitly specified.  
Regarding open issues, there was again interest to remove the limitation to one or two SRS resource sets to allow more flexible SRS configurations for antenna switching, however that was not acceptable to at least one company.  Whether such a limitation should be removed in the future e.g. in a TEI should be further discussed.  Discussions did not conclude for the multiple trigger cases, as can be seen from Questions 2.1.1-2.1.3.  Available slot operation with SRS carrier switching also requires further discussion as can be seen from Question 2.3.  Moderator suggests further discussions on these points in RAN1#116.
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6 Company Proposals
Proposals and supporting observations made in contributions to this meeting are:
	R1-2310960  ZTE
	Proposal 1: Regarding SRS carrier switching of Alt 1 from RAN#114, on the top of the updated Proposal 2.1.1 r1 from the FL, we have the suggestion with the following modification:
· “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].
Proposal 2: Regarding aperiodic SRS triggered by DCI format 1_1 or 1_2, additional spec change is not needed and then the following can be concluded, if needed: 
· The following conclusion in RAN1#99 for clarifying the serving cell of the triggered SRS can apply to the case of  DCI format 0_2/1_2 as well.
· 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
· The SRS triggered by DCI format 0_1, 0_2, 1_1, and 1_2 is not only for usage of “antenna switching”, but also applicable for other usages.
Proposal 3: There is no ambiguity for the closed loop power control behaviour for SRS carrier switching triggered by DCI format 1_1 or 1_2 in current spec.

	R1-2311039  Fujitsu
	Observation 1:
· Up to 4 aperiodic SRS resource sets can be supported for SRS antenna switching in Rel-17. The current spec text for SRS carrier switching, e.g., ‘one or two SRS resource set(s)’, actually excludes some configuration for SRS carrier switching operation.
Proposal 1:
· For SRS carrier switching can be triggered by DCI 1_1/1_2, it is slightly preferred that available slot operation in Rel-17 is not applied.
Proposal 2:
· RAN1 to discuss and adopt the following text change to TS 38.214 v17 to remove the restriction on supported configuration for SRS carrier switching.


	R1-2311221 OPPO
	Proposal: RAN1 concludes that aperiodic SRS carrier switching triggered by DCI format 1_1 and 1_2 is supported in Rel-15.
Proposal: A conclusion or a Rel-17/18 CR can be agreed to specify the UE behavior of SRS carrier switching triggered by DCI format 1_1 and 1_2.
Proposal: A separate Rel-17 CR can be considered to support three or four SRS resource sets for SRS carrier switching in Maintenance 7.2.

	R1-2311666  Apple
	Proposal 1: To conclude Alt1 from RAN1#114:
· RAN1 shall first reach a consensus on what existing (if any) capabilities must be reported by UE to indicate support of triggering A-SRS for carrier switch by self-scheduling UE specific DL DCI 1_1. 

Proposal 2: UE does not expect to be triggered overlapping A-SRS transmissions on the target cell.

	R1-2311814
Samsung
	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: For triggering one aperiodic SRS carrier switching by DCI format 1_1/1_2, new UE feature is not needed. 

Proposal 2: Accept the following TP in Rel-17/18 to specify the aperiodic SRS carrier switching triggering by DCI format 1_1/1_2:

Proposal 3: Support multiple SRS carrier switches on multiple carriers and discuss the details on required UE features for multiple SRS carrier switches.

Proposal 4: Discuss whether to support aperiodic SRS carrier switching with the configuration of available slot and details on how to determine available slot and apply dropping rules between aperiodic SRS carrier switching and any other UL channel/signal.


	R1-2310122 Qualcomm
	Proposal 1: For the issue of DCI 1_1 and 1_2 triggering SRS carrier switching in Rel-15, the following alternative is agreed:
· Alt 1: RAN1 concludes that DCI 1_1 and 1_2 triggering are supported for aperiodic SRS carrier switching in Rel-15

Proposal 2: RAN1 concludes that a UE is not expected to receive multiple DCIs triggering colliding SRS CS triggers received in different DCIs.

	R1-2312196 Ericsson
	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.

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”
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.
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.

	R1-2312200
Nokia
	Proposal 1: Update proposal 2.1.1 r1 of [2] as follows (updates shown with yellow highlights):
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].
· The UE does not expect to be triggered with conflicting or colliding carrier-switching SRSs

Proposal 2: Agree to the text proposal 2.2.1 of proposal #2 of [2] to section 6.2.1.3 of TS 38.214
Proposal 3: Agree to the magic sentence proposal of proposal #3 of [2] to the cover page 
· “This CR can be implemented in earlier releases than the CR without causing interoperability issues”

Proposal 4: Confirm that the Rel-17 SRS triggering offset enhancement FG 23-8-1 is applicable also for carrier switching SRS triggered with DCI format 1_1/1_2

	R1-2312228 Huawei
	Proposal 1: A UE should be allowed to indicate that the UE requires minimum of 19 symbols offset between DL DCI triggering of SRS carrier switching and SRS transmission triggered for SRS carrier switching.
· FFS: whether FG 22-8 can be reused with necessary specification update or new FG is necessary
Proposal 2: For the case where more than one SRS carrier switching are triggered by more than one DCIs, a scheduling restriction to avoid overlaps in time between the triggered SRS transmissions will be specified either in UE capability or TS 38.214.
· The combination of more than one DCIs includes the combination among DCI 2_3, DCI 1_1 and DCI 1_2.
Proposal 3: For SRS carrier switching, when more than one SRS carrier switching are triggered by more than one DCIs, the time gaps between two triggered SRS transmissions should be no smaller than the sum of switch-back time and switch-to time. 
· Capture the above either in UE capability or TS 38.214.
· The switch-back time refers to the RF retuning time indicated by switchingTimeUL and switchingTimeDL of SRS-SwitchingTimeNR for the first triggered SRS carrier switching
· The switch-to time refers to the RF retuning time indicated by switchingTimeUL and switchingTimeDL of SRS-SwitchingTimeNR for the second triggered SRS carrier switching
· FFS: in which release to capture it
Proposal 4: A UE capability is introduced as 
· For more than one SRS carrier switching are triggered by more than one DCIs, support a DCI triggering case that the first DCI arrived earlier triggers a SRS transmission that is later than that triggered by the second DCI arrived later.
· The time gap between the first symbol of SRS transmission triggered by the first DCI and the end of the last symbol of PDCCH of the second DCI that arrives later than the first DCI should be no less than 19 symbols
· FFS: in which release
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