Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG1 Meeting #114bis	Tdoc R1-2310244
Xiamen, China, October 9th – October 13th, 2023
Agenda Item:	7.1
Source:	Ericsson, T-Mobile USA
Title:	SRS Carrier Switching with DL DCI formats
Document for:	Discussion, Decision

1	Introduction
In RAN1#114, support for DCI formats 1_1 and 1_2 was discussed [1][2]. Consequently, 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.

Given this agreement, it is understood that DCI 1_1 and 1_2 are supported for aperiodic SRS carrier switching, although it needs to be further discussed if a UE capability is needed for Rel-17 or not.  As summarized in [2], while DCI 1_1 and 1_2 are supported, the transmission behavior and configuration of SRS is not explicitly specified or clear in some cases.  In this contribution, we discuss these open issues, and propose ways forward.  A related draft CR 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 strong support, although at least one company needed further consideration until this meeting on if a UE capability would be needed or not.  Therefore, we would like to see if any company prefers Alt 2 at this stage. 
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.

[bookmark: _Toc146620958]Determine if there is consensus to conclude that Rel-17 UE capability is not needed for the support of DCI 1_1 and 1_2 triggering for aperiodic SRS carrier switching.

2.2 SRS configuration and transmission constraints
It was agreed in RAN1#114 to clarify optional parameters SRS carrier with the following.  

	11.4	SRS switching
DCI format 2_3 is applicable for uplink carrier(s) of serving cells where a UE is not configured for PUSCH/PUCCH transmission or for uplink carrier(s) of a serving cell where srs-PowerControlAdjustmentStates indicates a separate power control adjustment state between SRS transmissions and PUSCH transmissions. 
A UE configured by higher layers with parameter carrierSwitching is can be provided 
-	a TPC-SRS-RNTI for a DCI format 2_3 by tpc-SRS-RNTI 
-	an index of a serving cell where the UE interrupts transmission in order to transmit SRS on one or more other serving cells by srs-SwitchFromServCellIndex
-	an indication of an uplink carrier where the UE interrupts transmission in order to transmit SRS on one or more other serving cells by srs-SwitchFromCarrier
-	a DCI format 2_3 field configuration type by typeA or typeB
-	for typeA, an index for a set of serving cells is provided by cc-SetIndex, indexes of serving cells in the set of serving cells are provided by cc-IndexInOneCC-Set, and a DCI format 2_3 field includes a TPC command for each serving cell from the set of serving cells and can also include a SRS request for SRS transmission on the set of serving cells 
-	for typeB, DCI format 2_3 field includes a TPC command for a serving cell index and can also include a SRS request for SRS transmission on the serving cell
-	an indication for a serving cell for whether or not a field in DCI format 2_3 includes a SRS request by fieldTypeFormat2-3 where a value of 0/1 indicates absence/presence of the SRS request – a mapping for a 2 bit SRS request to SRS resource sets is as provided in [6, TS 38.214]
-	an index for a location in DCI format 2_3 of a first bit for a field for a non-supplementary uplink carrier of the serving cell by startingBitOfFormat2-3
-	an index for a location in DCI format 2_3 of a first bit for a field for a supplementary uplink carrier of the serving cell by startingBitOfFormat2-3SUL-v1530



However, there are remaining aspects that are not explicitly specified in the layer 1 specifications.  In particular, how aperiodic SRS carrier switching triggered by DCI format 1_1 or 1_2 is configured and on which or how many cells the SRS is transmitted is unclear. 

For DCI 2_3 (in 38.214 section 6.2.1.3), requirements for SRS resource sets with carrier switching and the order of the cells on which the UE transmits SRS are given with the following, but not for DCI 1_1 or 1_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 'typeA', and given by SRS-CarrierSwitching, without PUSCH/PUCCH transmission, the order of the triggered SRS transmission on the serving cells follow the order of the serving cells in the indicated set of serving cells configured by higher layers, where the UE in each serving cell transmits the configured one or two SRS resource set(s) with higher layer parameter usage set to 'antennaSwitching' and higher layer parameter resourceType in SRS-ResourceSet set to 'aperiodic'

For an aperiodic SRS triggered in DCI format 2_3 and if the UE is configured with higher layer parameter srs-TPC-PDCCH-Group set to 'typeB' without PUSCH/PUCCH transmission, the order of the triggered SRS transmission on the serving cells follow the order of the serving cells with aperiodic SRS triggered in the DCI, and the UE in each serving cell transmits the configured one or two SRS resource set(s) with higher layer parameter usage set to 'antennaSwitching' and higher layer parameter resourceType in SRS-ResourceSet set to 'aperiodic'.
A UE can be configured with SRS resource(s) on a carrier c1 with slot formats comprised of DL and UL symbols and not configured for PUSCH/PUCCH transmission. For carrier c1, the UE is configured with higher layer parameter srs-SwitchFromServCellIndex and srs-SwitchFromCarrier the switching from carrier c2 which is configured for PUSCH/PUCCH transmission. During SRS transmission on carrier c1 (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL of srs-SwitchingTimeNR), the UE temporarily suspends the uplink transmission on carrier c2.




Furthermore, DCI 1_1 or 1_2 should trigger SRS transmission on at most one cell scheduled by the DCI, as discussed more in [1].  This is also not explicitly stated in 38.214 or elsewhere in the layer 1 specifications.  During discussions in RAN1#114, companies seemed to agree with these observations:

[bookmark: _Toc146620954]It is stated in 38.214 for DCI 2_3, but not for DCI 1_1 or 1_2, that the UE is configured with one or two SRS aperiodic resource set(s) whose usage is set to ‘antennaSwitching’.  
[bookmark: _Toc146620955]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.

This led to a proposal to discuss the text for 38.214 section 6.2.1.3 below in RAN1#114 in this meeting, or to make a similar change to UE capability.

While most companies seemed OK in spirit with the text in the proposal, another view was that it may be better to define a UE capability that identifies the required SRS configuration, rather than making a change to 38.214.  It is not clear to us yet how UE capability could be used for this purpose.  UE capability could identify that the UE supports one or two SRS resource set(s) with higher layer parameter usage set to ‘antennaSwitching’ and higher layer parameter resourceType in SRS-ResourceSet set to ‘aperiodic’ for the purpose of SRS carrier switching, but this does not define the behavior of the feature: other SRS configurations could be used for the same purpose, unless this is defined by the 38.21x specifications.  Furthermore, that a UE transmits SRS on the single cell scheduled by DCI is also something that is not really suited to 38.306.

[bookmark: _Toc146620956]The constraint that a single cell scheduled by DCI is used for SRS carrier switching transmission and that 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’ are needed do not seem suitable for defining by UE capability.

[bookmark: _Ref146569819]We therefore propose the following change to 38.214 section 6.2.1.3:

	For an aperiodic SRS triggered in DCI format 2_3 and if the UE is configured with higher layer parameter srs-TPC-PDCCH-Group set to ‘typeB’ without PUSCH/PUCCH transmission, the order of the triggered SRS transmission on the serving cells follow the order of the serving cells with aperiodic SRS triggered in the DCI, and the UE in each serving cell transmits the configured one or two SRS resource set(s) with higher layer parameter usage set to ‘antennaSwitching’ and higher layer parameter resourceType in SRS-ResourceSet set to ‘aperiodic’.
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 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’.
A UE can be configured with SRS resource(s) on a carrier c1 with slot formats comprised of DL and UL symbols and not configured for PUSCH/PUCCH transmission. For carrier c1, the UE is configured with higher layer parameter srs-SwitchFromServCellIndex and srs-SwitchFromCarrier the switching from carrier c2 which is configured for PUSCH/PUCCH transmission. During SRS transmission on carrier c1 (including any interruption due to uplink or downlink RF retuning time [11, TS 38.133] as defined by higher layer parameters switchingTimeUL and switchingTimeDL of srs-SwitchingTimeNR), the UE temporarily suspends the uplink transmission on carrier c2.



[bookmark: _Toc146620959]Correct 38.214 section 6.2.1.3 by adding the following description of behavior for DCI format 1_1 or 1_2 triggered SRS carrier switching: “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 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’.”
The above correction addresses problems that exist since Rel-15, and discussions of SRS carrier switching have to date been covered by Rel-15/16 agenda points, so the draft CR [3] is written against Rel-15.  However, we recognize that there can be concerns for changes to Rel-15 at this late stage and that corrections for SRS carrier switching for Rel-15 have not been made for some time.  However, if the CR is agreed for a release after Rel-15, it should be understood if implementing the CR in prior releases would cause interoperability test problems, that is, if a “magic sentence” can apply to the CR.  Therefore, we would like to discuss what release the CR should target and if the CR can be implemented in earlier releases than the CR without causing interoperability issues.
[bookmark: _Toc146620960]Discuss which release the correction for 38.214 section 6.2.1.3 should target and if the CR can be implemented in earlier releases than the CR without causing interoperability issues.
2.3 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.
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 2.3:
	



-	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 2.3 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.  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]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.  We made the following observations: 
Observation 1	It is stated in 38.214 for DCI 2_3, but not for DCI 1_1 or 1_2, that the UE is configured with one or two SRS aperiodic resource set(s) whose usage is set to ‘antennaSwitching’.
Observation 2	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.
Observation 3	The constraint that a single cell scheduled by DCI is used for SRS carrier switching transmission and that 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’ are needed do not seem suitable for defining by UE capability.
Observation 4	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 sitching such as srs-PowerControlAdjustmentStates and tpc-Accumulation.

Given the discussion in section 2 and these observations, we propose the following, with a related CR in [3]:
Proposal 1	Determine if there is consensus to conclude that Rel-17 UE capability is not needed for the support of DCI 1_1 and 1_2 triggering for aperiodic SRS carrier switching.
Proposal 2	Correct 38.214 section 6.2.1.3 by adding the following description of behavior for DCI format 1_1 or 1_2 triggered SRS carrier switching: “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 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’.”
Proposal 3	Discuss which release the correction for 38.214 section 6.2.1.3 should target and if the CR can be implemented in earlier releases than the CR without causing interoperability issues.
Proposal 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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