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1	Introduction
In RAN1#115, support for DCI formats 1_1 and 1_2 was clarified with the following agreements and a corresponding CR [1].
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.

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)

The discussion in RAN1#115 identified issues that remain unresolved [2].  As in RAN1#114bis, there was 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, and available slot operation with SRS carrier switching also requires further discussion.  In this contribution, we discuss these open issues and potential solutions to them.
[bookmark: _Ref178064866]2	Discussion
2.1 More than 2 SRS resources 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.  A majority of companies thought that this ‘at most two’ constraint was not needed for DCI 1_1, 1_2, or 1_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’ was agreed in the CR [1].  In [2], the Moderator noted that companies suggesting that ‘at most two’ should be kept in RAN1#114bis suggested it could be proposed in a TEI.
Our understanding of the motivation for a TEI is that a UE that supports SRS carrier switching and that also supports Rel-17 SRS antenna switching with more than two SRS resource sets may not support the combination of the two.  In this case, a new UE capability would need to be defined, and this can be done in the context of a TEI. 
Observation 2.1:
· Whether Rel-17 antenna switching configurations with more than two SRS resource sets should be added for SRS carrier switching has been discussed for 3 meetings.
· There has been both consistent interest and concern expressed on specifying more than two SRS resource sets for SRS carrier switching.
· Companies are free to propose more than two SRS resource sets either as a TEI or in future work items.

Since the specs are clear, there is no need to have a formal conclusion in our view, although a conclusion would also be fine.  However, this issue should somehow be closed so we can move on.
Proposal 2.1
· If there is insufficient interest in RAN1#116 to support more than two SRS resource sets for SRS carrier switching, leave such enhancements to future TEIs or work items.

2.2 Triggering by more than one DCI
Discussion on the need for new behavior or new UE capability to address where there are overlapping SRS carrier switching triggers by multiple DCIs continued in RAN1#115. Questions addressing if/how the current specifications constrain the delay among multiple triggering DCIs, including how switching away from and back to the switching-from cell is accounted for in the timing, and whether the SRS must be transmitted in the order that the corresponding triggering DCIs arrive in time (the ‘out of order’ issue) were discussed.
Since there was limited discussion of this issue, companies’ general views on this are at present unclear.  In the following we provide our understanding of the constraints on timing in the current spec.
The timing of, and collisions among, aperiodically triggered SRS on the switching-to and switching-from cell are constrained 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 one view from RAN1#115 discussions, 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”.
A second view expressed in RAN1#115 was that the n SRS transmissions are only from one grant, and where multiple DCI cause overlapping SRS transmissions is an error case.  One issue raised from this point of view was that the multiple DCI case could require new dropping rules if collisions from multiple DCI are not left as an error case.
Figure 1 below interprets the case where two grants each trigger one SRS transmissions on a cell.  Here ‘C1’ is a switching-from cell while C2 and C3 are switching-to cells.  The PDCCH’s could be closely transmitted in time on one cell or on two different cells depending on which of DCI formats 1_1/1_2 or 2_3 and if self-scheduling and/or cross-carrier scheduling is used.  The transmissions must meet the two conditions in the 38.213 text above. Firstly, each must be no earlier than the summation of the minimum delay between SRS and PDCCH (determined according to the numerology of the cells) and the retuning time.  Secondly, each SRS transmission must not collide with any previous SRS transmission, including the retuning time.  As shown in the figure, the 38.214 text above constrains subsequent switches on the switching-from cell to be delayed enough to allow switching time back to and away from the switching from cell.  Therefore, it seems to us that SRS dropping is defined for where multiple grants switch away from a single switching-from cell with the current text, and is so not an error case.
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In Figure 1, if PDCCH1 schedules SRS1, the scheduling is ‘in order’.  However, if it instead schedules SRS2, it is ‘out of order’, since in that case it is scheduling after PDCCH2 which follows PDCCH1, but schedules an earlier SRS.  Whether UEs can support out of order SRS carrier switching was raised in [3] and if new UE capability and/or spec changes are needed that address the order of the aperiodic triggers was discussed during RAN1#115 [2], although there was not sufficient time to resolve the issue. In our understanding, there is no current constraint that aperiodic SRS transmissions be in order, and either of the two cases in Figure 1 are possible.  Furthermore, in aperiodic SRS transmission without carrier switching there is no constraint that the SRS be ‘in order’, including cases with cross carrier scheduling and where downlink and uplink grants are used for SRS transmission on one carrier.  That being said, if UE implementations find it difficult to transmit aperiodic carrier switching SRS out of order, we are open to discuss potential solutions.
Observation 2.2:
· Multi-DCI triggered SRS timing and collision dropping rules seem to be defined in the current specifications, and so do not fall into the category of error cases in our understanding.
· Aperiodic SRS carrier switching does not seem to be constrained to be ‘in order’ in the current specifications, as is the case for aperiodic SRS transmission without switching where ‘in order’ is also not constrained.
· However, if UE implementations require in order transmission, solutions to this can be further discussed.

Proposal 2.2:
· Decide in RAN1#116 if solutions to ‘out of order’ aperiodic SRS carrier switching triggers are needed.

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 yellow highlighted text in 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.  However, it is also possible to configure one available slot offset or to use a default offset of 0 slots, as can be seen in the blue highlighted text.
	-	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.  As observed in section 2.2, 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 explicitly take into account the configured values in availableSlotOffsetList.  However, as pointed out during RAN1#115 discussions [2], aperiodic SRS carrier switching can be compatible with available slot operation. As long as DCI does not need to indicate the available slot (i.e. the availableSlotOffsetList parameter for each SRS resource set has only one value, or availableSlotOffsetList is not configured during available slot operation), the UE can determine the available slot.  The SRS carrier switching transmission can still be no earlier than the minimum time from the PDCCH, but instead the offset can be counted by available slots, which enables more flexible timing for SRS carrier switching.

	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:
· In our understanding, SRS carrier switching timing as presently specified in 38.214 section 6.2.1.3 is compatible with available slot operation, as long as at most one available slot offset is configured per SRS resource set.
· Discussions in RAN1#114bis and #115 did not reach consensus on whether available slot operation with SRS carrier switching is presently supported or not.

In order to have common understanding among companies, we propose the following:
Proposal 2.3:
· Conclude in RAN1#116 if available slot operation with SRS carrier switching is presently supported or not.
Conclusion
In this contribution, we have considered open issues for SRS carrier switching including operation with more than two SRS resource sets, triggering by more than one DCI, and if SRS carrier switching supports Rel-17 available slots for SRS.  Our observations and proposals can be summarized:

More than 2 SRS resources sets

Observation 2.1:
· Whether Rel-17 antenna switching configurations with more than two SRS resource sets should be added for SRS carrier switching has been discussed for 3 meetings.
· There has been both consistent interest and concern expressed on specifying more than two SRS resource sets for SRS carrier switching.
· Companies are free to propose more than two SRS resource sets either as a TEI or in future work items.

Since the specs are clear, there is no need to have a formal conclusion in our view, although a conclusion would also be fine.  However, this issue should somehow be closed so we can move on.
Proposal 2.1
· If there is insufficient interest in RAN1#116 to support more than two SRS resource sets for SRS carrier switching, leave such enhancements to future TEIs or work items.

Triggering by more than one DCI
Discussion on the need for new behavior or new UE capability to address where there are overlapping SRS carrier switching triggers by multiple DCIs continued in RAN1#115, but did not conclude.  Our understanding and proposed way forward is as follows:
Observation 2.2:
· Multi-DCI timing and triggered SRS collision dropping rules seem to be defined in the current specifications, and so do not fall into the category of error cases in our understanding.
· Aperiodic SRS carrier switching does not seem to be constrained to be ‘in order’ in the current specifications, as is the case for aperiodic SRS transmission without switching where ‘in order’ is also not constrained.
· However, if UE implementations require in order transmission, solutions to this can be further discussed.

Proposal 2.2:
· Decide in RAN1#116 if solutions to ‘out of order’ aperiodic SRS carrier switching triggers are needed.

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 again in RAN#115 [2].  Based on the further discussions in RAN1#115, we have the following observation: 

Observation 2.3:
· In our understanding, SRS carrier switching timing as presently specified in 38.214 section 6.2.1.3 is compatible with available slot operation, as long as at most one available slot offset is configured per SRS resource set.
· Discussions in RAN1#114bis and #115 did not reach consensus on whether available slot operation with SRS carrier switching is presently supported or not.

In order to have common understanding among companies, we propose the following:
Proposal 2.3:
· Conclude in RAN1#116 if available slot operation with SRS carrier switching is presently supported or not.
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