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1 Introduction
One of the objectives of the work item on Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements [1] is as follows:
3. Efficient and low latency serving cell configuration/activation/setup: Minimizing signalling overhead and latency needed for initial cell setup, additional cell setup and additional cell activation for data transmission. [RAN2, RAN1, RAN4, RAN3]

· This objective applies to MR-DC, NR-NR DC and CA

· The objective should consider enhancements when starting from IDLE, INACTIVE mode and CONNECTED mode

In this contribution, we further discuss techniques to enable efficient Scell operation.
2 Discussion 

2.1 Faster Scell activation/deactivation 

In RAN1#98, the Scell activation enhancement was concluded with 2 options based on MAC CE mechanism. 
Conclusion:

Study further the following two options and aim to conclude in RAN1#98bis:

· Option 1:

· NW can send activation command MAC CE and also independently use existing signalling to trigger aperiodic/semi-persistent CSI-RS when sending the activation command  

· Request RAN4 to consider specifying additional (tighter) maximum allowed activation delay requirements for following case

· UE receives activation command MAC CE for Scell activation and also aperiodic/semi-persistent CSI-RS for the Scell ’at the same time’ as the activation command 

· FFS: ’at the same time’, i.e., exact timing between activation command and RS trigger

· FFS: if separate requirement based on specific RS configuration

· Option 2 - Support enhancement for triggering a specific CSI measurement/reporting configuration during MAC-CE based Scell activation

· CSI measurement/reporting is based on Rel-15/16 RS(s)

· FFS RS will be A-TRS, SP CSI-RS, aperiodic CSI-RS, SP TRS, etc.

· FFS between following candidates for enhanced triggering

· Implicit (i.e., Scell activation command reception implies specific RS is triggered like in LTE)

· Separate MAC CE linked to activation MAC CE

· Enhanced activation command MAC CE

· Other candidates not precluded
As discussed previously, NR supports similar Scell activation and deactivation framework as LTE, i.e., using MAC CE for Scell activation and deactivation. According to the current RAN4 specification [2], it is specified the following requirements of NR SCell activation latency, which include three parts:

Upon receiving SCell activation command in slot n, the UE shall be capable to transmit valid CSI report and apply actions related to the activation command for the SCell being activated no later than in slot n+ [THARQ + Tactivation_time + TCSI_Reporting]

MAC CE based Scell activation and deactivation still have HARQ delay and signalling processing time. Activation/ deactivation delay time can be fully utilized by additional measurement triggering in the option 2. Enhancement for triggering a specific CSI measurement/reporting configuration can be associated with the MAC CE by RRC configuration.
The delay issue is one of the 3 listed in TR 38.840 of efficient Scell operation.

· Reduced Scell activation/deactivation delay

· Fast BWP switching on the Scell 

· Fast PDCCH monitoring adaptation on the Scell

Furthermore, the fast BWP switching can be considered in the enhanced MAC CE.

In Rel-15, when a Scell is activated, the UE would use the firstActiveDownlinkBWP or firstActiveUplinkBWP configured with RRC signalling. Then the UE needs to switch to a BWP with a large bandwidth when the firstActiveDownlinkBWP or firstActiveUplinkBWP  are not enough. As consequence, additional BWP switching delay is added by that operation. For faster frequency adaptation, joint Scell activation/deactivation and BWP operation can be considered. For example, when there is heavy traffic arrive for a UE, an joint activation command to indicate Scell activation and BWP activation could be send to the UE. By such operation, a proper Scell and an appropriate BWP on the scell could be activated together to quickly respond to the UE’s traffic requirements.  
In general, motivation is the BWP switching should be more dynamically responded to the incoming traffic. An enhanced MAC CE command would be desirable for enabling it.
Proposal 1: A faster Scell activation/deactivation with CSI measurement/reporting is supported.
Proposal 2: Joint Scell activation and BWP switching should also be supported.

2.2 Dormancy behaviour switching 

In RAN1#98bis, basic agreements about set of dormancy triggering are reached.

Agreements:

· When the UE is outside Active Time, for the L1 based mechanism for transitioning from ’dormancy-like’ to ’non-dormancy like’ behaviour on activated Scells, an explicit information field for the UE is introduced to the PDCCH WUS

· The explicit information field is configurable within a range of 0 to X1 bits

· X1 <<15

· FFS whether to use BWP framework for transitioning from dormany to non-dormancy

· FFS the case of ’non-dormancy-like’ to ’dormancy like’ transition

· When the UE is in the Active Time, for the L1 based mechanism for transitioning between ’dormancy-like’ and ’non-dormancy like’ behaviour on activated Scells, an explicit information field is newly introduced to at least DCI formats 0-1 and 1-1 for the primary cell

· The explicit information field is configurable within a range of 0 to X2 bits

· X2 <<15

· FFS whether to use BWP framework for transitioning from dormany to non-dormancy or vice versa

· FFS The DCI formats may or may not schedule data (if supported w/o data, the value of X2 can be separately discussed)

· FFS DCI formats 0-0 and 1-0

· FFS the impact of CIF if any

Agreements:
· For the L1 based Scell dormancy indication sent on primary cell within active time

· UE is configured with at least two BWPs for an Scell

· The explicit information field in DCI indicates switching to/from dormant BWP configured for the Scell

· FFS definition of dormant BWP

· FFS whether or not to the same BWP switching delay to the non-dormant to dormant transition delay

· Note: Rel15 behavior for case when 1BWP is configured for the Scell (i.e., no dormancy indication for that Scell)

Agreements:

· For the L1 based Scell dormancy indication sent on primary cell outside active time in WUS PDCCH

· The explicit information field in DCI is a bitmap with up to X1 bits and 1 bit per group of configured Scells

· Each Scell group can have one/multiple Scells and up to X1 Scell groups are configured via RRC. 

· The Scell group configuration is independent from the Scell group configuration for dormancy indication within active time (if supported) 
· X1 = [5]

· Note: X1 is upper bound.

· Note: Number of bits used for explicit information field in WUS PDCCH is based on configuration

In the following email discussion, the Scell dormancy behaviour was concluded with supporting of 2 cases in the working assumption. 
Working Assumption:

· For the L1 based Scell dormancy indication sent on primary cell within active time

· Support the following two cases for the PDCCH with dormancy indication 

· Case 1: The PDCCH schedules data for primary cell and also indicates dormancy for Scell(s)

· X2=5 (Note: X2 is upper bound)

· Discuss detailed design of explicit information field in DCI  and associated RRC signaling in RAN1#99

· Case 2: The PDCCH indicates dormancy for Scell(s) without scheduling data

· Discuss detailed design of explicit information field in DCI in RAN1#99

· UE is indicated whether the PDCCH with dormancy indication is according to Case 1 or Case 2

· FFS details: e.g. a dedicated bit for the differentiation, a reserved combination of DCI fields etc.

· Note: no new RRC signaling introduced specifically for this indication

When the UE active the Scell, the UE monitor PDCCH based on the PDCCH search space sets that are configured with RRC signalling. Even there’s no data transmission on the Scell for the UE, the UE still needs to monitor the PDCCH search space sets.   
To solve the issue, after a Scell is activated, PDCCH monitoring reduction on the Scell was discussed during the previous RAN1 meetings. In above agreements, the dormancy BWP is used for realized the dormancy behaviour.
It still includes what RAN2 has agreed that the dormancy behaviour will be a solution for fast return to SCell utilisation for data transfer. The dormancy behaviour still implies that the UE stops monitoring PDCCH but continues other activities such as CSI measurements, AGC and beam management. The scheme can be base one a dedicated DCI for triggering that switching. In the sense of configuration one BWP is sufficient. For other BWPs, they can be set with same resource allocation of overlapped resource allocation by network configuration. No further specification restriction will be applied to other BWPs.
Proposal 3: At most one BWP per carrier could be configured as dormancy BWP. 
For other BWPs, they can be set with same resource allocation of overlapped resource allocation by network configuration. No further specification restriction will be applied to other BWPs.
Also with the above agreement, L1 based Scell dormancy indication can also be configured in the power saving DCI. The indication ‘to’ non-dormancy behaviour/BWPs for Scell groups would be clearly needed as in the earlier agreement. It is not clear if a Scell group should be indicated to dormancy behaviour/BWPs. The motivation of non-dormancy is to try to wake up with as much as needed Scells for data transmission. However, if the data arrival rate is similar as last DRX cycle, UE may keep the same dormancy status of Scells. Thus, the indication of group of Scell to dormancy should not be supported. Then bit value ‘0’ could be interpreted as keeping same behaviour or ignored. And ‘1’ will indicate that Scell groups go to non-dormancy.
Proposal 4:  For the L1 based Scell dormancy indication sent on primary cell outside active time in WUS PDCCH, UE is not indicated of ’non-dormancy-like’ to ’dormancy like’ transition in Scell groups.
In the same time, Scell dormancy operation impact to the corresponding UE behaviour in case that the power saving signal is not detected shall be considered.
For example, when the data packet arrives for a UE and the network sends power saving signal to indicate the UE to from ’dormancy-like’ to ‘non-dormancy like’ behaviour on activated Scells, but the UE fails to detect the power saving signal. If the UE still maintain the ‘dormancy-like’ behaviour, the UE would miss the subsequent data scheduling even though the network can use other L1 indication signalling to indicate the UE to complete the transitioning from ‘dormancy-like’ to ‘non-dormancy like’ behaviour. Additional latency is added for the data transmission. In some cases when the UE’s power saving is more important than the transmission delay, the UE can also keep the ‘dormancy-like’ behaviour when the miss detection happens. In addition, UE can be only configured with the L1 based Scell dormancy indication outside the active time. In this case, there is no L1 based Scell dormancy indication within the active time to correct UE’s behaviour. Therefore, the handling of miss detection is surely needed.
Therefore, we propose the following options could be considered to handle the miss detection issue for Scell dormancy operation triggered by WUS. 

Proposal 5: The following two options can be considered to handle the miss detection issue for Scell dormancy triggering outside of active time. 

· Option 1: UE operate with  ‘non-dormancy like’ behaviour when PSS is not detected

· Option 2: Network configures whether the UE operate with ‘dormancy-like’ or  ‘non-dormancy like’ behaviour when PSS is not detected

The indication of dormancy behaviour switching by scheduling DCI in Scell and Pcell is both supported. A Scell can at least be switched to dormancy BWP by normal scheduling DCI. Pcell can send a bitmap to indicate Scells go to non-dormancy BWP. Those indications can be different in same slot, and UE have to decide which behaviour would be selected. One simple solution would be let UE not to expect conflict indications from Pcell and Scell. 
Proposal 6: UE does not expect conflict indications of dormancy/non-dormancy behaviours from Pcell and Scells to a Scell.
In addition explicit field in DCI format will be used to indicate if the DCI is only for dormancy behaviour switching or also for data scheduling. Further, for indication of dormancy with scheduling, X1 bit indication can be just for indicate those Scells from dormancy to non-dormancy. 
3 Conclusion

In this contribution, we discussed techniques to enable efficient Scell operation based on the WID guidance. We have the following proposals:
Proposal 1: A faster Scell activation/deactivation with CSI measurement/reporting is supported.

Proposal 2: Joint Scell activation and BWP switching should also be supported.

Proposal 3: At most one BWP per carrier could be configured as dormancy BWP. 
For other BWPs, they can be set with same resource allocation of overlapped resource allocation by network configuration. No further specification restriction will be applied to other BWPs.
Proposal 4:  For the L1 based Scell dormancy indication sent on primary cell outside active time in WUS PDCCH, UE is not indicated of ’non-dormancy-like’ to ’dormancy like’ transition in Scell groups.

Proposal 5: The following two options can be considered to handle the miss detection issue for Scell dormancy triggering outside of active time. 

· Option 1: UE operate with  ‘non-dormancy like’ behaviour when PSS is not detected

· Option 2: Network configures whether the UE operate with ‘dormancy-like’ or  ‘non-dormancy like’ behaviour when PSS is not detected

Proposal 6: UE does not expect conflict indications of dormancy/non-dormancy behaviours from Pcell and Scells to a Scell.
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