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Introduction
In RAN1#102-e the following were agreed for an efficient activation/deactivation mechanism of SCells [1]. 

Working Assumption
At least for the case of known cell, temporary RS is supported to expedite the activation process during the SCell activation procedure for efficient SCell activation for both FR1 and FR2:
· The temporary RS should provide at least the functionalities of AGC settling and time/frequency tracking during SCell activation procedure.
· FFS potential functionalities of CSI measurement/acquisition and cell search

Agreements:
TRS is selected as temporary RS for Scell activation
· If more functionalities are confirmed to be supported by temporary RS, other RS candidates, e.g. aperiodic CSI-RS, P/SP-CSI RS, SRS and RS based on SSS/PSS, are not precluded.
· The TRS should be triggered by DCI or MAC-CE. FFS which exact triggering command.
  
Agreements:
UEs measures the triggered temporary RS during Scell activation procedure no earlier than a slot m:
· FFS timeline values m which may need coordination with RAN4.
· FFS if the triggered temporary RS can be associated with a BWP, then the measurement above is independent of the activation state of the BWP.

Agreements:
Companies are encouraged to provide design details of temporary RS next meeting, at least including:
· TRS structure, e.g. whether to fully reuse existing Rel-15/16 TRS structure and configuration restriction (refer to S5.1.6.1.1 of TS 38.214), or any modification
· QCL information, if any
· Triggering command: DCI format/fields or MAC-CE fields
· Triggering timeline/scheduling offset

This contribution considers remaining issues on efficient activation/deactivation mechanism for SCells.
Efficient activation/deactivation mechanism for SCells
Overall mechanism 
The SCell activation latency is mainly dominated by (1) HARQ-ACK feedback timing for MAC CE activation command (THARQ), (2) SCell activation delay including measurement operation (Tactivation_time), and (3) CSI reporting timing for the corresponding measurement (TCSI_Reporting) as shown in Figure 1(a). Each of delay can be reduced by introducing a temporary RS and new signalling mechanism for SCell activation. To this end, it is agreed to use TRS as the temporary RS in RAN1#102-e meeting. 

Figure 1 illustrates potential candidate techniques (b)-(d) for reducing SCell activation delay relative to the legacy operation (a), as summarized below:
· (b): MAC CE for SCell activation and for triggering temporary RS
· (c): MAC CE for SCell activation and DCI for triggering temporary RS
· (d): DCI for SCell activation and for triggering temporary RS
(b) and (c) can reduce Tactivation_time and TCSI_Reporting by triggering temporary RS and corresponding CSI reporting, respectively. However, (b) and (c) cannot reduce THARQ (+ 3ms latency) caused by MAC CE signalling. (d) can is the best solution in terms of latency reduction since (d) can also reduce THARQ. Given that the objective is to minimize SCell activation time, there is no motivation to fully or partially keep relying on MAC CE signalling.

Proposal 1: Support DCI-based SCell activation, temporary RS triggering, and CSI report triggering.



Figure 1. Comparison on timelines for SCell activation depending on corresponding signalling; (a) legacy operation, (b) MAC CE for both SCell activation and A-TRS triggering, (c) MAC CE for SCell activation and DCI for A-TRS triggering, and (d) DCI for both SCell activation and A-TRS triggering
Details of temporary RS
RS type 
In RAN1#102-e it was agreed to use TRS for the temporary RS. NR Rel-16 supports periodic TRS and aperiodic TRS. Periodic TRS cannot provide material reduction in SCell activation latency, on average, because the periodic TRS occasion is pre-configured and a UE needs to wait until the first available TRS occasion. For the purpose of SCell activation latency reduction, using aperiodic TRS for the temporary RS is clearly preferable. 
Proposal 2: The temporary RS is an aperiodic TRS.

Functionality 
By using aperiodic TRS, a UE can start early a series of preparation procedures (such as AGC settling and time/frequency tracking) for an SCell being activated. This can contribute in reducing some portion of Tactivation_time. To reduce the SCell activation latency, it is more important to reduce the delay for CSI measurement/reporting as much as possible. If the legacy RSs (e.g. SSB, P-CSI, SP-CSI) are still used for CSI measurement/reporting, the UE needs to wait for a long time, on average, for the first available pre-configured measurement/reporting occasions. As a result, the latency reduction gain from the use of temporary RS is very limited. As long as the SCell activation delay is dominated by both Tactivation_time and TCSI_Reporting, CSI measurement/reporting functionalities for the temporary RS should be supported. Given that the current specification does not allow CSI reporting functionality for aperiodic TRS, that restriction should be removed in Rel-17 for an aperiodic TRS used for SCell activation. 

Proposal 3: Support CSI measurement/reporting functionalities for the aperiodic TRS that is used for SCell activation.

RS structure
TRS has been designed to have special RE mapping patterns to achieve a good performance in time/frequency tracking. As long as there is no strong motivation identified, it is recommended to reuse the Rel-16 TRS structure. 

Proposal 4: Reuse the Rel-15/16 TRS structure for temporary RS.

QCL information
Aperiodic TRS can be QCLed with a periodic TRS and the periodic TRS can be QCLed with an SSB. The SSB can be determined from either the PCell or the SCell being activated. In addition, periodic TRS is mandatorily configured for PDSCH reception on a given cell. As a result, no critical issue is identified for reusing the Rel-15/16 TCI framework for the aperiodic TRS for SCell activation. A specific timeline and required latency depending on the SSB availability can be decided in RAN4. 

Proposal 5: Reuse the Rel-15/16 TCI framework for temporary RS.

Triggering offset
For aperiodic TRS, the UE does not expect that the scheduling offset between the last symbol of the PDCCH with the triggering DCI and the first symbol of the aperiodic CSI-RS resources is smaller than the UE reported beamSwitchTiming. Except for this restriction, the triggering offset of the aperiodic TRS resource can be controlled by the combination of higher layer signalling and DCI with full flexibility. As long as the aperiodic TRS is triggered by DCI, no critical issue has been identified for reusing the Rel-15/16 aperiodic CSI-RS triggering framework.

Proposal 6: Reuse the Rel-15/16 aperiodic triggering framework for temporary RS.

Triggering command
As observed in Section 2.1, L1 signaling should be used for triggering SCell activation and temporary RS in order to reduce SCell activation delay. For this purpose, at least group-common DCI (i.e., non-scheduling DCI) can be considered to provide the triggering command. Compared to a scheduling DCI, a GC-DCI is beneficial because it can be applicable for both scheduled and non-scheduled UEs. In addition, signaling overhead can be reduced when SCell activation is for multiple UEs. The reasoning is basically same as for using DCI 2_6 for WUS or for dormancy indication. The GC-DCI can at least include fields for bitmap indicating activated SCells and corresponding CSI request. Since a GC-DCI does not include any scheduling information for PUSCH, it is simpler for CSI reporting to be PUCCH-based. Using a GC-DCI can avoid potential errors for HARQ-ACK codebook determination that would occur if the DCI format activating an SCell was missed and the UE was expected to report both A-CSI and HARQ-ACK in a same PUCCH, or in a PUSCH that does not trigger the A-CSI report.

Proposal 7: Support group-common DCI for triggering SCell activation and temporary RS. 

Proposal 8: Support aperiodic CSI reporting in PUCCH for the SCell being activated.

Details of timeline
There are some overlapped issues between RAN1 and RAN4 for determining exact timeline values for the SCell activation procedure. For example, in RAN1#102-e, it was agreed that UE measures the triggered temporary RS during SCell activation procedure no earlier than a slot m. Several open issues remain for determining the exact timeline for UE procedures corresponding to SCell activation and exact values for the timeline. Considering the expertise in RAN4, it is preferable for such discussions/decisions to happen in RAN4 rather than in RAN1. 

Proposal 9: Details of timeline for fast SCell activation are decided in RAN4. 
Conclusion
This contribution discussed efficient activation and deactivation mechanism for SCell and following proposals are made.
Proposal 1: Support DCI-based SCell activation, temporary RS triggering, and CSI report triggering.
Proposal 2: The temporary RS in an aperiodic TRS.
Proposal 3: Support CSI measurement/reporting functionalities for the aperiodic TRS that is used for SCell activation.
Proposal 4: Reuse the Rel-15/16 TRS structure for temporary RS.
Proposal 5: Reuse the Rel-15/16 TCI framework for temporary RS.
Proposal 6: Reuse the Rel-15/16 aperiodic triggering framework for temporary RS.
Proposal 7: Support group-common DCI for triggering SCell activation and temporary RS.
Proposal 8: Support aperiodic CSI reporting in PUCCH for the SCell being activated.
Proposal 9: Details of timeline for fast SCell activation are decided in RAN4.
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