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Introduction
Further enhancements of MR-DC/CA include the following objectives

1. Support efficient activation/de-activation mechanism for one SCG and SCells 
· Support for one SCG applies to (NG)EN-DC, and NR-DC [RAN2, RAN3, RAN4]
· Support for SCells applies to NR CA, based on RAN1 leading mechanisms [RAN1, RAN2, RAN4]
· This objective applies to FR1 and FR2
2. Support of conditional PSCell change/addition [RAN2,RAN3]
· support scenarios which are not addressed in Rel-16 NR mobility WI

This contribution considers enhancements to efficient activation/deactivation mechanism for SCells.
Efficient activation/deactivation mechanism for SCells
In Rel-16, UE dormancy behavior has been specified to enable joint low SCell activation latency and power savings. If a dormant DL BWP is activated for a SCell, the UE do 
- stop the bwp-InactivityTimer of this Serving Cell, if running.
- not monitor the PDCCH on the BWP;
- not monitor the PDCCH for the BWP;
- not receive DL-SCH on the BWP;
- perform periodic or semi-persistent CSI measurement for the BWP, if configured;
- not transmit SRS on the BWP;
- not transmit on UL-SCH on the BWP;
- not transmit PUCCH on the BWP.
as specified in 38.321. Briefly, the UE does not transmit or receive on a dormant SCell except for the P/SP-CSI measurements for link monitoring. Since the dormancy behaviour is applicable only to activated SCells, the issue of a long latency required for SCell activation/deactivation is still not resolved. This contribution considers potential enhancements for the efficient SCell activation/deactivation.
Latency for SCell activation/deactivation
Upon receiving SCell activation command in slot n, a UE shall transmit valid a CSI report and apply actions related to the activation command no later than slot n + , where 
- THARQ (in ms) is the timing between DL data transmission and HARQ-ACK feedback as specified in TS 38.213
- Tactivation_time (in ms) is the SCell activation delay as specified in TS 38.133
- TCSI_Reporting (in ms) is the delay including uncertainty in acquiring the first available downlink CSI reference resource, UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resources as specified in TS 38.331.
Tactivation_time can be different depending on whether SSB or P/SP CSI-RS is used. For example, the Tactivation_time can be defined for the SCell being activated as below: 
· if SSB is used for CSI reporting (for FR1), 
Tactivation_time  = TFirstSSB+ 5ms, where TFirstSSB is the time to the end of the first complete SSB burst indicated by the SMTC after slot n + THARQ+ (THARQ+3ms)/(NR slot length)
· if SP-CSI-RS is used for CSI reporting, 
Tactivation_time  = 3ms + max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP), where Tuncertainty_MAC=0 and Tuncertainty_SP=0 if UE receives the SCell activation command, semi-persistent CSI-RS activation command and TCI state activation command at the same time.
· if P-CSI-RS is used for CSI reporting, 
Tactivation_time  = max(Tuncertainty_MAC + 5ms + TFineTiming, Tuncertainty_RRC + TRRC_delay-THARQ), where Tuncertainty_MAC=0 if UE receives the SCell activation command and TCI state activation commands at the same time.
TCSI_Reporting includes the inherent delay between CSI reference resources for corresponding CSI reporting. As decribed in TS 38.214, for a CSI reporting in uplink slot n, the CSI reference resource for P/SP CSI reporting is defined by slot n− nCSI_ref where
· nCSI_ref  is the smallest value greater than or equal to 4 for a single CSI-RS/SSB resource, or 
· nCSI_ref  is the smallest value greater than or equal to 5 for multiple CSI-RS/SSB resources,
when DL and UL SCSs are the same.

From the above specifications, it is observed that the delay for SCell activation is dominated by the CSI measurement and reporting procedures. 
From a measurement perspective, the latency can be different depending on whether SSB, P-CSI-RS, or SP-CSI-RS is used for CSI reporting. Among them, the lowest latency is expected when SP-CSI-RS is used for CSI reporting if the MAC CE activation commands for SCell activation, SP CSI-RS activation, and TCI state activation are transmitted to the UE at the same time. However, it may be argued that the latency is still relatively long even for SP-CSI-RS since the activation is based on MAC CE command that requires 3ms delay as default as above equation. 
From a reporting perspective, the latency due to P/SP CSI reporting is mainly caused by the pre-fixed CSI reporting timing and the time gap between the CSI reference resources and the corresponding CSI reporting. As described above, at least 4~5 slots are required for a CSI reporting for CSI-RS/SSB resource before CSI reference resource.
Consequently, the current SCell activation framework based on SSB, SP-CSI-RS, P-CSI-RS and P/SP CSI reporting is not efficient for low latency. The latency can be potentially reduced by introducing AP-CSI based SCell activation procedure.

Observation 1: SCell activation delay is mainly dominated by the CSI measurement and reporting procedures.

Upon receiving SCell deactivation command or upon expiry of the sCellDeactivationTimer in slot n, the UE shall accomplish the deactivation actions for the SCell being deactivated no later than in slot n+
As above, the deactivation delay is just decided by the HARQ-ACK timing for the MAC CE activation command, so that it can be handled by gNB implementation. Therefore, 

Observation 2: SCell deactivation delay is determined by the HARQ-ACK timing.
Observation 3: No need for enhancement in SCell deactivation delay.
Potential enhancements for fast SCell activation
From the observations on the delay for SCell activation,  enhancing the A-CSI measurement and reporting framework can enhance SCell activation by reducing a corresponding delay. In NR Rel-16, the A-CSI measurement/reporting for a serving cell can be triggered by a scheduling DCI. To enable A-CSI measurement/reporting for a deactivated SCell, a triggering method using group-common DCI (i.e., non-scheduling DCI) can be considered. This is similar to indicating SCell dormancy/non-dormancy by a UE group common DCI format. In addition, in NR Rel-16, an A-CSI report is conveyed by PUSCH and cannot be provided via PUCCH. For a deactivated SCell, it is not possible to report A-CSI by PUSCH. Therefore, PUCCH-based reporting for A-CSI should be supported. Using a group-common DCI 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 PUSCH that does not trigger the A-CSI report.  

Proposal 1: Support A-CSI triggering by group-common DCI for a deactivated SCell.
Proposal 2: Support A-CSI reporting based on PUCCH for a deactivated SCell.
Conclusion
This contribution discussed efficient activation and deactivation mechanism for SCell and follow observations and proposals are made.
Observation 1: SCell activation delay is mainly dominated by the CSI measurement and reporting procedures.
Observation 2: SCell deactivation delay is determined by the HARQ-ACK timing.
Observation 3: No enhancement is needed for SCell deactivation.
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Proposal 2: Support A-CSI reporting based on PUCCH for a deactivated SCell.
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