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Introduction
During RAN plenary #81, work item on DC and CA enhancements has been approved in [1]. The work item contains multiple objectives involving RAN1, from which one addresses efficient CA configuration/activation/setup. 
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 RAN1#96bis, RAN1 sent LS asking RAN4 whether SMTC period [3], the major SCell activation delay component, could be removed under some conditions, for example intra-band CA or when aperiodic TRS are provided to UE for synch purpose. The reply from RAN4 has been agreed during RAN1#98 [2].
Furthermore, the following guidance was received from RAN#85 in RP-192326
1. RANP tasks RAN2 to define dormancy behavior under MR-DC/CA WI 
1. In parallel, in the next quarter, RAN1, in consultation with RAN2, specifies L1 based mechanism for transitioning between ‘dormancy-like’ and ‘non-dormancy-like’ behavior on activated SCells under MC-DC/CA WI. 
1. Further study will be conducted if any additional UE behavior is needed when UE is also configured for receiving PDCCH based power saving signal/channel outside active time, and, if agreed, the additional UE behavior will be specified.  
2. RAN1 chair will treat this together with dormancy discussion under MR-DC/CA WI
2. RAN2 will wait for RAN1 conclusion.  If it is agreed that additional behavior is needed for outside of active time, RAN2 chair will decide how to split the work between MC-DC/CA and Power Saving.   
1. MR-DC/CA and Power Saving WID will not be updated

Finally, some small progress has been achieved for TRS-based SCell activation as well as Dormancy L1 mechanism by forming set of options in RAN1#98.  


Dormancy implementation in RAN1 for activated SCell
[bookmark: _Hlk4530909]Dormancy in inside DRX active time
There are two ways how to implement Dormancy:
· Alt1: Using DCI on cell X to directly control PDCCH monitoring and CSI measurements on SCell
· Alt2: Use implicit/explicit signalling on cell X to trigger BWP switch on SCell
When considering specification effort, we think that Alt2 requires much less effort in RAN1, RAN2 and RAN4 compared to Alt.1. As understood in the email discussion, a search-space for a BWP of R15 (self-scheduled or cross-CC scheduled) can be configured with zero PDCCH candidates or sparse periodicity. On a BWP, a sparse configuration of CSI can be configured in R15. Therefore, with Alt2 no/minor RAN2 impact is expected. Parameter adaptation by BWP switch is already specified in RAN4, and will most likely apply also to BWP switching to dormant BWP.
Observation-1: Alt2 does not require any specification effort in RAN4 and requires a minor specification effort in RAN2.
Proposal-1: Support implicit/explicit signalling on cell X to trigger BWP switch on SCell
In RAN1, email discussion [4] identified three main mechanism for L1-based mechanism to switch UE from and to dormancy.
· [bookmark: _GoBack]Option 1: explicit indication in the L1 DCI send on PCell which indicates transition from SCell dormancy or non-dormancy status and/or vice-versa 
· Option 2: implicit linkage defined between set of cells and cell X to transit from SCell dormancy or non-dormancy status upon BWP switch triggered on cell X   
· Option 3: use cross-carrier scheduling and existing BWP DCI-based switching framework to transit one cell from dormancy. 
Option 2 requires very little specification effort. A gNB may configure linkage between a set of SCell(s) and cells X (e.g. PCell). Upon cell X being switched to dormant BWP, also the set of SCell(s) switches to dormant BWP. This would happen synchronously as in case of NR R15 when DCI switching commands are received on all SCells in the same slot. Linkage mechanism would enable to send all SCell(s) to dormancy, this by a single scheduling DCI transmitted on cell X or upon BWP inactivity timer expiry on a cell X. 
Proposal-2: R16 supports configuration of linkage between set of SCells and a cell X
· set of SCells is switched to dormant BWP if cell X is switched to dormant BWP.  
For the opposite transition, from dormancy to regular cell status, Option 1 would be more beneficial, because ideally depending on traffic, different number of SCell(s) should be waken up from dormancy. However, Option 1 suggests introducing new DCI format for the purpose of dormancy, which implies significant specification effort. If a new DCI format is introduced, there will be a lot of discussion on search-space-set it is monitored in, what will be the DCI format size and alignment rules to full-fill UE capabilities on 3+1 DCI format size monitoring. We think that all of this can be avoided, if Option 1 is combined with existing cross-carrier scheduling framework (Option 3). 
For combination of Option 1 and Option 3, a gNB can configure cross-carrier scheduling for a virtual cell. UE monitors for non-fall-back DCI format on scheduling cell, and if CIF indicates index of scheduling cell in a PDCCH then the PDCCH with non-fall-back DCI format is interpreted as scheduling DCI. If CIF indicates value of a virtual cell in a PDCCH, then the PDCCH with non-fall-back DCI format (and its unused DCI fields) is interpreted as non-scheduling DCI toggling SCell(s) dormancy. One bit per configured and active/activated SCell can toggle switching between firstActiveBWP and dormant BWP on configured active/activated SCell(s). A UE does not monitor search-space sets for virtual cell on the scheduling cell. Alternatively, when CIF indicates value of a virtual cell, all or preconfigured group of SCells could be waken up (as discussed in next section) and the very same DCI format could schedule data on the scheduling cell. 
Proposal-3: As L1-based mechanism to support dormancy
· Enable configuration of cross-carrier scheduling for a virtual cell
· the virtual cell has associated CIF value but is not configured otherwise
· A UE does not monitor search-space-sets for a virtual cell on the scheduling cell
· When CIF in PDCCH of DCI format 0_1 or 1_1 scrambled with C-RNTI indicates scheduling cell, UE interprets the DCI Format as scheduling DCI
· When CIF in DCI Format 0_1 or 1_1 scrambled with C-RNTI indicates virtual Cell, UE interprets the DCI format as non-scheduling DCI to toggle dormancy of SCells
· Unused bit fields of DCI format indicate with 1 bit per each configured/activated SCell, whether firstActiveBWP or dormant BWP is active for the SCell.

	On dormancy outside DRX Active Time
Based on plenary guidance in RP-192326:
	Further study will be conducted if any additional UE behavior is needed when UE is also configured for receiving PDCCH based power saving signal/channel outside active time
3. RAN1 chair will treat this together with dormancy discussion under MR-DC/CA WI
3. …




Under UE power saving AI it has been agreed to introduce a new DCI format that will be scrambled with PS-RNTI that UE monitors outside active time and can be used to trigger the UE to monitor PDCCH in the next ON duration. Based on RAN plenary agreement, DCCA AI should discuss possibility to adapt UE behaviour in PDCCH with PS-RNTI, i.e. toggling of dormancy. 
In power saving AI, RAN2 decided that if UE does not receive PDCCH with PS-RNTI, UE does not start onDurationTimer sub-sequent ON duration. Therefore, for gNB operation it is crucial that PDCCH with PS-RNTI can be received with high reliability, higher than scheduling PDCCH, otherwise there is a risk that UEs at e.g. the cell edge will not be reachable. As the number of monitoring occasions for PDCCH scrambled with PS-RNTI is assumed to be less than PDCCH monitoring occasions in ON duration, the detection may need to be successful with one-shot to raise the UE to monitor the ON duration. Furthermore, a gNB would multiplex unicast PDCCH with the PDCCH with PS-RNTI in the same CORESET, and using AL16 for PDCCH with PS-RNTI to provide sufficient coverage would not be acceptable. Therefore, if PDCCH scrambled with PS-RNTI wants to become a successful feature its content must be kept as small as possible. 
Observation-2: If PDCCH scrambled with PS-RNTI shall become a successful feature, its content must be kept as small as possible.
Currently, the content of PDCCH scrambled with PS-RNTI is 1bit, triggering UE to or not to monitor the subsequent ON duration(s). This enables to run PDCCH scrambled with PS-RNTI for up to 12 UEs with the maximum coverage and efficiency. Adding every additional bit of content will proportionally decrease the number of UEs. 

When UE wakes up from DRX in the next ON duration time, its SCell(s) may be waken up from dormancy, and UE may immediately start receiving data on SCell(s). Alternatively, gNB may have only a control message for the UE and wakes up only PCell, while keeping SCell(s) in dormancy. However, having 1bit per each configured/activated SCell would result in significant overhead. Therefore, we think that a single bit could toggle dormancy for all activated SCell(s) or preconfigured group of SCell(s). When bit in DCI is set to 1, UE wakes up in ON duration time with SCells being in firstActiveBWP. When bit is 0, UE wakes up in ON duration time with SCells being in dormant BWP. A gNB then may still adjust dormancy according to need inside the DRX active time. 

Proposal-4: In PDCCH scrambled with PS-RNTI, support 1bit toggling dormancy for a UE on [all activated SCell(s) or preconfigured group of SCell(s)]. 
· When bit is 1, UE wakes up in ON duration time with SCells being in firstActiveBWP. 
· When bit is 0, UE wakes up in ON duration time with SCells being in dormant BWP.

On introduction of new SCell activation procedure using temporary RS 
LS from RAN4
	Regarding the first question:
1.	RAN1 is interested to know if considerable reduction in maximum allowed activation delay requirements (specified in subclause 8.3.2 of 38.133) is possible within Rel16 timeframe if additional reference signals (e.g. aperiodic TRS, short-interval CSI-RS configuration) are provided to the UE immediately following the SCell activation command. 

RAN4 discussed question 1 and concluded that depending on the RS design, RAN4 expects that a considerable reduction in the SCell activation delay is possible if additional reference signals are provided to the UE immediately following the SCell activation command.

Regarding the second question:
2.	According to RAN4 specifications, the maximum allowed activation delay for CA is much larger than BWP switching delays provided in [R1-1803602]. RAN1 would be interested to know the RAN4 considerations that lead to the different requirements for BWP and CA cases. For example, for intra-band CA are there any conditions where maximum allowed SCell activation delay can be comparable with BWP switching times?

The current SCell activation delay requirements are based on LTE requirements updated to NR design. Additionally, BWP switching and SCell activation have different triggering mechanisms (DCI vs MAC-CE) and ending point (no CSI reporting vs valid CSI reporting). When changing active BWP within the bandwidth of the same cell, control loops (AFC/ATC/AGC) are already tuned, whereas this is not the case when activating an SCell. The shortest SCell activation delay is for FR2 intra-band when the UE is not provided with any SMTC for the target SCell. For this case, the activation delay is D = THARQ + 3ms + TCSI_Reporting.




Based on the reply from RAN4 (first question), it seems that shorting of activation time is possible, subject to RS design. Therefore, we think using aperiodic TRS for synchronisation would be a way forward, because TRS has been designed for the synchronisation purpose unlike general NZP-CSI-RS.
Proposal-5: Adopt aperiodic TRS in two consecutive slots as synchronization RS during R16 SCell activation procedure.   
Details of R16 SCell activation procedure
In RAN1 98 the following conclusion has been reached
	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
Note: companies (especially those interested in option 2) should bring ‘full proposals’ covering all design aspects for the next meeting.




The issue of above Option 1 is that at the moment MAC-CE can only trigger semi-persistent CSI-RS or select subset of trigger states for aperiodic CSI report:
· SP CSI-RS/CSI-IM Resource Set Activation/Deactivation MAC CE;
· Aperiodic CSI Trigger State Subselection MAC CE;

Non of legacy MAC-CEs is applicable for triggering Aperiodic TRS for the purpose of SCell synchronization. Therefore, we think that one of these MAC-CEs could be re-interpreted or new MAC-CE introduced for trigger of A-TRS together with MAC-CE activating cells. Selection and detail design would be up to RAN2.
Proposal-6: For the purpose of triggering A-TRS with SCell-activation MAC-CE, define a new MAC-CE or reinterpret the existing one. Details up to RAN2.
For the triggering purpose, a trigger list (similar to CSI-AperiodicTriggerStateList) could be configured. In the triggering MAC-CE a gNB shall indicate RS (form the trigger list) to be used for SCell activation, these could be SSB or CSI-RS; 
· NZP-CSI-RS (TRS) to be triggered with an offset counted from slot of MAC-CE HARQ-ACK
· SSB of an index. 
With triggering MAC-CE no CSI report would be triggered. This is shown in Figure 1 and Figure 2, where two MAC-CEs are sent in one PDSCH, one MAC-CE activating SCell and other MAC-CE triggering synchronization based on Aperiodic TRS (Figure 1) or synchronisation based on the earliest SSB (Figure 2). Both of these can be configured in a trigger list. In cases where SSB would colliding with SSB burst, or SSB would be upcoming, a gNB may trigger SSB-based SCell activation instead of TRS based. If gNB would not send MAC-CE with the trigger together with SCell activation MAC-CE, UE follows the legacy R15 activation procedure.
[image: ]
Figure 1 SCell activation with TRS
[image: ]
Figure 2 SCell activation with earliest SSB

Proposal-7: 
· When SCell activation command in MAC-CE (Activating SCells) for a SCell is received with a MAC-CE (Aperiodic TRS trigger) for the SCell. 
· MAC-CE (Aperiodic TRS trigger) indicates one state from preconfigured list of trigger states for first active BWP of the SCell
· Note: No CSI report is triggered with MAC-CE (Aperiodic TRS trigger)
· Otherwise, if only MAC-CE (Activating SCells) is received for the SCell, UE follows the R15 SCell activation procedure for the SCell.

Conclusions
In this contribution, we discussed potential solutions to reduce SCell activation delay and SCell dormancy. Based on the discussion, we made the following proposals:
Observation-1: Alt2 does not require any specification effort in RAN4 and requires a minor specification effort in RAN2.
Proposal-1: Support implicit/explicit signalling on cell X to trigger BWP switch on SCell
Proposal-2: R16 supports configuration of linkage between set of SCells and a cell X
· set of SCells is switched to dormant BWP if cell X is switched to dormant BWP.  
Proposal-3: As L1-based mechanism to support dormancy
· Enable configuration of cross-carrier scheduling for a virtual cell
· the virtual cell has associated CIF value but is not configured otherwise
· A UE does not monitor search-space-sets for a virtual cell on the scheduling cell
· When CIF in PDCCH of DCI format 0_1 or 1_1 scrambled with C-RNTI indicates scheduling cell, UE interprets the DCI Format as scheduling DCI
· When CIF in DCI Format 0_1 or 1_1 scrambled with C-RNTI indicates virtual Cell, UE interprets the DCI format as non-scheduling DCI to toggle dormancy of SCells
· Unused bit fields of DCI format indicate with 1 bit per each configured/activated SCell, whether firstActiveBWP or dormant BWP is active for the SCell.
Observation-2: If PDCCH scrambled with PS-RNTI shall become a successful feature, its content must be kept as small as possible.
Proposal-4: In PDCCH scrambled with PS-RNTI, support 1bit toggling dormancy for a UE on [all activated SCell(s) or preconfigured group of SCell(s)]. 
· When bit is 1, UE wakes up in ON duration time with SCells being in firstActiveBWP. 
· When bit is 0, UE wakes up in ON duration time with SCells being in dormant BWP.
Proposal-5: Adopt aperiodic TRS in two consecutive slots as synchronization RS during R16 SCell activation procedure.   
Proposal-6: For the purpose of triggering A-TRS with SCell-activation MAC-CE, define a new MAC-CE or reinterpret the existing one. Details up to RAN2.
Proposal-7: 
· When SCell activation command in MAC-CE (Activating SCells) for a SCell is received with a MAC-CE (Aperiodic TRS trigger) for the SCell. 
· MAC-CE (Aperiodic TRS trigger) indicates one state from preconfigured list of trigger states for first active BWP of the SCell
· Note: No CSI report is triggered with MAC-CE(Aperiodic TRS trigger)
· Otherwise, if only MAC-CE (Activating SCells) is received for the SCell, UE follows the R15 SCell activation procedure for the SCell.
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