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1. Introduction
In RAN1 #105-e and RAN1 #106-e meeting, the following agreements on SRS carrier switching were reached.
	Agreements from RAN1 #105-e
Agreement
The prioritization rules of SRS carrier switching apply to at least the source CC.
· FFS: Whether the specification needs to be updated or not
Agreement
Down select one from the following two options in RAN1#106-e meeting to determine which UL CCs other than the source CC should be used for SRS carrier switching priority rules:
· Option 1: The UL CCs  in the same band as the source CC
· Option 2: The UL CCs can be any carriers which result in uplink transmissions beyond the UE ’s indicated uplink carrier aggregation capability. 
· Companies should indicate how “UE’s indicated uplink CA capability” is derived based on current ASN.1 signaling.

Agreements from RAN1 #106-e
Agreement
For a target CC, when multiple aperiodic SRS resource sets for carrier switching are triggered by the same DCI and all the SRS resource sets will be transmitted according to the dropping rule, regarding UE behaviour on switching back to the source CC after transmitting one SRS resource set, further discuss the following alternatives:
· Alt 1) The behavior depends on the UE implementation
· Alt 2) UE stays in the target CC in the period between the SRS resource sets.
· Alt 3) If the time period between the SRS resource sets is smaller than the total required RF switching time to the source CC and back to the target CC and a higher priority UL transmission and/or DL reception is not scheduled on the source CC in the time period between the two SRS resources sets, the UE stays in the target CC in the period between the SRS resource sets; otherwise, the UE switches back to the source CC after transmitting each SRS resource set.
· Alt 4) UE switches back to source CC between the SRS resource sets
Agreement
For a target CC, In the case that multiple SRS resource sets are triggered by the same DCI, regarding the applicable timeline(s), further discuss the following alternatives:
· Alt 1) Individual timeline is applied to each triggered SRS resource set
· “Individual timeline” means that for each SRS resource set, the deadline to consider DCI triggering the SRS resource set or other uplink signals is applied and decision is made independently amongst the SRS resource sets.
· Alt 2) The same timeline is applied to all the triggered SRS resource sets
· “Same timeline” means that the deadline to consider DCI triggering the SRS resource sets or other uplink signals is applied considering the multiple SRS resource sets as a whole so that a single decision on collision handling is made for these SRS resource sets.



In this contribution, we provide our views on the SRS carrier switching operation.
2. Discussion on SRS carrier switching
2.1 Applicable CCs
In previous meeting, it was discussed which CCs the collision handling for SRS carrier switching should be applied to. There were two alternatives as below:
· Option 1: The UL CCs in the same band as the source CC
· Option 2: The UL CCs can be any carriers which result in uplink transmissions beyond the UE ’s indicated uplink carrier aggregation capability.
In RAN1 #98 meeting, there was below agreement.
	Agreement
The draft CR in R1-1909020 is endorsed for inclusion as part of alignment CR for TS38.214.


In R1-1909020, it was explained that for SRS carrier switching collision handling, besides CA-ParametersNR, other UL CA capability parameters may also need to be considered, for example, ca-BandwidthClassUL-NR. The details could be found in [8].
Therefore, we think Option 2 is more aligned with the current spec. In addition, Option 2 is a super set and includes Option 1.
Proposal 1:
· Support Option 2 for SRS carrier switching dropping rule, i.e., the dropping rule could be applied to any UL CC which can result in uplink transmission beyond UE's capability.
2.2 SRS carrier switching for multiple SRS sets triggered by one DCI
In RAN1 #106-e meeting, it was discussed on the UE behavior when multiple SRS resource sets for carrier switching are triggered by the same DCI. There are four alternatives on the UE behavior during the period between the SRS resource sets.
· Alt 1) The behavior depends on the UE implementation
· Alt 2) UE stays in the target CC in the period between the SRS resource sets.
· Alt 3) If the time period between the SRS resource sets is smaller than the total required RF switching time to the source CC and back to the target CC and a higher priority UL transmission and/or DL reception is not scheduled on the source CC in the time period between the two SRS resources sets, the UE stays in the target CC in the period between the SRS resource sets; otherwise, the UE switches back to the source CC after transmitting each SRS resource set.
· Alt 4) UE switches back to source CC between the SRS resource sets
In our understanding, firstly the UE behavior can’t be up to UE implementation. If it is up to UE implementation, when the time period between SRS resource sets is larger than the RF tuning time, the gNB doesn’t know whether the UE can be scheduled with other uplink transmission over the source CC, since whether the UE is on the source CC is not known to the gNB.
Regarding Alt 2, the UE always stay in target CC. If the time period between SRS resource sets is larger than the RF tuning time, since the UE still stays in target CC, it’s not possible for the gNB to schedule uplink transmission over source CC leading to performance loss.
Regarding Alt 4, if the UE switches back to source CC between SRS resource sets, when the time period between SRS resource sets is smaller than RF tuning time, it’s not possible for the UE to transmit the next SRS resource set since the time is not sufficient to switch to the target CC.
Therefore, it is preferred that if the time period between the SRS resource sets is smaller than the required RF switching time, the UE stays in the target CC in the period between the SRS resource sets; otherwise, the UE switches back to the source CC after transmitting the first SRS resource set. Figure 1 and Figure 2 show example of the corresponding operation.


[bookmark: _Ref78968831]Figure 1 SRS carrier switching operation (time between SRS sets larger than RF tuning time)


[bookmark: _Ref78968946]Figure 2 SRS carrier switching operation (time between SRS sets smaller than RF tuning time)
Proposal 2:
· When multiple aperiodic SRS resource sets for carrier switching are triggered by the same DCI and all the SRS resource sets will be transmitted according to the dropping rule, if the time period between the SRS resource sets is smaller than the required RF switching time, the UE stays in the target CC in the period between the SRS resource sets; otherwise, the UE switches back to the source CC after transmitting the first SRS resource set.
2.3 Timeline consideration for multiple SRS sets triggered by one DCI
In RAN1 #106-e meeting, the timeline operation was discussed for the case that multiple aperiodic SRS resource sets are triggered by the same DCI. There are two alternatives as below.
· Alt 1) Individual timeline is applied to each triggered SRS resource set
· “Individual timeline” means that for each SRS resource set, the deadline to consider DCI triggering the SRS resource set or other uplink signals is applied and decision is made independently amongst the SRS resource sets.
· Alt 2) The same timeline is applied to all the triggered SRS resource sets
· “Same timeline” means that the deadline to consider DCI triggering the SRS resource sets or other uplink signals is applied considering the multiple SRS resource sets as a whole so that a single decision on collision handling is made for these SRS resource sets.
In our view, if individual timeline is applied for each triggered SRS resource set, then it is more flexible since the decision is made independently for each SRS resource set. However, it might be more complicated considering multiple SRS resource sets are triggered by same DCI. It could be even more complicated in Rel-17 since more aperiodic SRS resource sets could be triggered by same DCI for antenna switching in Rel-17.
Therefore, it is preferred that the same timeline is applied to all the SRS resource sets triggered by the same DCI.
Proposal 3:
· When multiple SRS resource sets for carrier switching are triggered by the same DCI, the same timeline is applied to all the triggered SRS resource sets.
2.4 DCI 2_3 triggering
The SRS carrier switching operation is triggered by DCI 2_3. According to current RAN1 spec, DCI 2_3 could be used in two cases. The first case is to use DCI 2_3 for a CC without PUSCH/PUCCH. The second case is to use DCI 2_3 for a CC on which SRS power control is not tied with PUSCH. DCI 2_3 could be configured as either Type A or Type B.
Please see below for some text from TS 38.212 and TS 38.213.
	From TS 38.212 (Section 7.3.1.3.4)
…
If the UE is configured with higher layer parameter srs-TPC-PDCCH-Group = typeA for an UL without PUCCH and PUSCH or an UL on which the SRS power control is not tied with PUSCH power control, one block is configured for the UE by higher layers, with the following fields defined for the block:
-	SRS request – 0 or 2 bits. The presence of this field is according to the definition in Clause 11.4 of [5, TS38.213]. If present, this field is interpreted as defined by Table 7.3.1.1.2-24.
-	TPC command number 1, TPC command number 2, ..., TPC command number N, where each TPC command applies to a respective UL carrier provided by higher layer parameter cc-IndexInOneCC-Set
If the UE is configured with higher layer parameter srs-TPC-PDCCH-Group = typeB for an UL without PUCCH and PUSCH or an UL on which the SRS power control is not tied with PUSCH power control, one block or more blocks is configured for the UE by higher layers where each block applies to an UL carrier, with the following fields defined for each block:
-	SRS request – 0 or 2 bits. The presence of this field is according to the definition in Clause 11.4 of [5, TS38.213]. If present, this field is interpreted as defined by Table 7.3.1.1.2-24.
-	TPC command –2 bits
…
From TS 38.213 (Section 11.4)
…
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. 
…



Observation 1:
· From RAN1 spec perspective, DCI 2_3 could be used for a CC without PUSCH/PUCCH or for a CC on which SRS power control is not tied with PUSCH.
· DCI 2_3 could be configured as Type A or Type B.

According to the spec, whether Type A or Type B is used for DCI 2_3 is configured by RRC. However, according to RRC spec, Type A and Type B is only used for a CC without PUSCH.
Please see below for some text from TS 38.331.
	From TS 38.331 (Section 6.3.2)
…
[bookmark: _Toc60777397][bookmark: _Toc83740352]–	SRS-CarrierSwitching
The IE SRS-CarrierSwitching is used to configure for SRS carrier switching when PUSCH is not configured and independent SRS power control from that of PUSCH.
…
	SRS-CarrierSwitching field descriptions

	monitoringCells
A set of serving cells for monitoring PDCCH conveying SRS DCI format with CRC scrambled by TPC-SRS-RNTI (see TS 38.212 [17], TS 38.213 [13], clause 7.3.1, 11.3).

	srs-SwitchFromServCellIndex
Indicates the serving cell whose UL transmission may be interrupted during SRS transmission on a PUSCH-less SCell. During SRS transmission on a PUSCH-less SCell, the UE may temporarily suspend the UL transmission on a serving cell with PUSCH in the same CG to allow the PUSCH-less SCell to transmit SRS. (see TS 38.214 [19], clause 6.2.1.3).

	srs-TPC-PDCCH-Group
Network configures the UE with either typeA-SRS-TPC-PDCCH-Group or typeB-SRS-TPC-PDCCH-Group, if any.

	typeA
Type A trigger configuration for SRS transmission on a PUSCH-less SCell (see TS 38.213 [13], clause 11.4). In this release, the network configures at most one entry (the first entry) of typeA, and the first entry corresponds to the serving cell in which the SRS-CarrierSwitching field is configured. SRS carrier switching to SUL carrier is not supported in this version of the specification.

	typeB
Type B trigger configuration for SRS transmission on a PUSCH-less SCell (see TS 38.213 [13], clause 11.4).


…



Observation 2:
· According to RRC spec, Type A or Type B for DCI 2_3 is only for a CC without PUSCH.
Therefore, some misalignment is observed between RAN1 spec and RRC spec. How to use DCI 2_3 for a CC on which SRS is configured with separate power control state as PUSCH is not clear according to RRC.
Observation 3:
· RAN1 spec and RRC spec are not fully aligned on the configuration of DCI 2_3.
Hence, we have the following proposal.
Proposal 4:
· RAN1 to clarify how to use DCI 2_3 for a CC according to the current RRC spec, wherein over the CC SRS is configured with separate power control state as PUSCH.
3. Conclusion
In conclusion, we have the following observations and proposals on SRS carrier switching operation.
Observation 1:
· From RAN1 spec perspective, DCI 2_3 could be used for a CC without PUSCH/PUCCH or for a CC on which SRS power control is not tied with PUSCH.
· DCI 2_3 could be configured as Type A or Type B.
Observation 2:
· According to RRC spec, Type A or Type B for DCI 2_3 is only for a CC without PUSCH.
Observation 3:
· RAN1 spec and RRC spec are not fully aligned on the configuration of DCI 2_3.
Proposal 1:
· Support Option 2 for SRS carrier switching dropping rule, i.e., the dropping rule could be applied to any UL CC which can result in uplink transmission beyond UE's capability.
Proposal 2:
· When multiple aperiodic SRS resource sets for carrier switching are triggered by the same DCI and all the SRS resource sets will be transmitted according to the dropping rule, if the time period between the SRS resource sets is smaller than the required RF switching time, the UE stays in the target CC in the period between the SRS resource sets; otherwise, the UE switches back to the source CC after transmitting the first SRS resource set.
Proposal 3:
· When multiple SRS resource sets for carrier switching are triggered by the same DCI, the same timeline is applied to all the triggered SRS resource sets.
Proposal 4:
· RAN1 to clarify how to use DCI 2_3 for a CC according to the current RRC spec, wherein over the CC SRS is configured with separate power control state as PUSCH.
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