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Introduction
In RAN1#98bis, the control signaling of SCell dormancy were agreed for CA/DC [2] as follows,
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
Working assumption made after email discussion [98b-NR-24]
1. For the L1 based Scell dormancy indication sent on primary cell within active time 
0. Support the following two cases for the PDCCH with dormancy indication  
0. Case 1: The PDCCH schedules data for primary cell and also indicates dormancy for Scell(s)
0. X2=5 (Note: X2 is upper bound)
0. Discuss detailed design of explicit information field in DCI  and associated RRC signaling in RAN1#99
0. Case 2: The PDCCH indicates dormancy for Scell(s) without scheduling data
0. Discuss detailed design of explicit information field in DCI in RAN1#99
0. UE is indicated whether the PDCCH with dormancy indication is according to Case 1 or Case 2 
0. FFS details: e.g. a dedicated bit for the differentiation, a reserved combination of DCI fields etc.
0. Note: no new RRC signaling introduced specifically for this indication

This paper discusses the L1-based mechanism for triggering UE dormancy behavior in support of UE power saving.

Triggering of Dormancy Behavior

The dormancy behavior is for the UE power saving purpose by suspending PDCCH monitoring of the specific SCell but continuing other background activities, such as AGC, channel tracking and CSI/beam measurement.   The dormancy behavior would allow the UE to achieve power saving during the slots when UE is not performing the background activities.   For outside Active Time, the DCI format 3_0 at the PCell and SpCell includes up to X1 bits  information with bitmap to trigger the UE getting in or out of the dormancy-like behavior with each bit for each activated SCell group before the beginning the DRX ON.     The X1 bits information carried in DCI format 3_0 could indicate PDCCH monitoring (non dormancy-like behavior) or suspending PDCCH monitoring (dormancy-like behavior)  of activated cells in the cell group regardless the number of BWPs is configured for a given SCell.  The dormancy indication in DCI format 3_0 does not require any specification of transition from dormancy-like to  non-dormancy-like behavior.     The BWP frameworks also incur additional switching delay during BWP switching if dormancy indication is combined with BWP switching.     Thus, the X1 dormancy indication bits should be disassociated with the BWP switching outside Active Time.   

Proposal 1:  Outside Active Time, the X1 dormancy indication bits in DCI format 3_0 indicates PDCCH monitoring of selected SCells.  No transition behavior needs to be specified from non-dormancy-like to dormancy-like behavior.  The dormancy indication bits should be disassociated with the BWP switching outside Active Time.   

For UE power saving in the Active Time, the L1 based SCell dormancy indication sent on primary cell with the following agreements, 
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)

The L1 based SCell dormancy indication within Active Time is to explicitly switch the BWP between dormant BWP (dormancy-like behavior) and normal BWP (non-dormancy-like behavior).   The dormant BWP has the same configurations as that of normal BWP except no CORESET and search space are configured for PDCCH monitoring.  
Proposal 2:  The dormant BWP has the same configurations as that of normal BWP except no CORESET and search space are configured for PDCCH monitoring.  

The dynamic BWP switching delay (TBWPswitchDelay) is specified in Table 8.6.2-1 of TS38.133 [16] with ranges from 1 to 6 slots for Type 1 and 3 to 18 slots for Type 2 BWP switching delay for SCS from 15kHz to 120 kHz.   Type 1 and Type 2 BWP switching delay depend on UE capability.   Type 2 BWP switching is roughly 3 times that of Type 1 BWP switching delay. Most of UEs support Type 2 BWP switching delay.    We can see that the L1 based dormancy indication would have about 1 ms for Type 1 and 3 ms for Type 2 BWP switching delay.   The most time consumption in the BWP switching is the change of the configuration setting.   Dynamic BWP switching between dormant BWP and normal BWP would not reduce much of the switching delay.  Thus, performance requirements of BWP switching delay in TS38.133 [16] should be used for the delay requirements of the L1 based SCell dormancy indication.  
Proposal 3:  The performance requirements of BWP switching delay in TS38.133 [16] should be reused for the delay requirements of the L1 based SCell dormancy indication.  

The email discussion after RAN1#98bis reached the following working assumption 
1. For the L1 based Scell dormancy indication sent on primary cell within active time 
1. Support the following two cases for the PDCCH with dormancy indication  
0. Case 1: The PDCCH schedules data for primary cell and also indicates dormancy for Scell(s)
0. X2=5 (Note: X2 is upper bound)
0. Discuss detailed design of explicit information field in DCI  and associated RRC signaling in RAN1#99
0. Case 2: The PDCCH indicates dormancy for Scell(s) without scheduling data
0. Discuss detailed design of explicit information field in DCI in RAN1#99
0. UE is indicated whether the PDCCH with dormancy indication is according to Case 1 or Case 2 
1. FFS details: e.g. a dedicated bit for the differentiation, a reserved combination of DCI fields etc.
1. Note: no new RRC signaling introduced specifically for this indication

The DCI used for scheduling, such as DCI format 0_1 and 1_1, can contain additional bits, which up to 5 bits, for SCell dormancy indication.  Each bit is associated with a cell group, which contains one or more SCells.   In case 1 of aforementioned working assumption, the additional bits of SCell dormancy indication are attached to the scheduling DCI with CRC scrambled by C-RNTI.   

Proposal 4:  The SCell dormancy indication bits are attached to scheduling DCI format 0_1 and 1_1 with CRC scrambled by C-RNTI while DCI format 0_1 and 1_1 are used for scheduling data transmission in PCell or SpCell.  

For case 2 of aforementioned working assumption, a dedicated DCI is used to trigger the transition between dormancy-like and non-dormancy-like behaviors of SCells without scheduling data on PCell or SpCell.   In order to minimize UE complexity, the DCI format size budget and number of blind decoding/non-overlapped CCE limit should not increase for the dedicated DCI for SCell dormancy indication.   One alternative is to use the scheduling DCI with the additional bits for SCell dormancy indication attached at the end similar to that of Case 1 but with zero PRB in resource allocation for scheduling data or small UL PRB for triggering CSI report.   The DCI size of Case 2 would be exactly the same as that of case 1.  The CRC of the DCI would be scrambled by C-RNTI without any additional bits for distinction.   This would not increase the DCI format size budget.   Similarly, the number of blind decoding/non-overlapped CCE limit would not increase with the dedicated DCI for SCell dormancy indication.   

Proposal 5:  The dedicated DCI used for SCell dormancy indication is the indication bits attached to DCI format 0_1 and 1_1 with CRC scrambled by C-RNTI with zero PRB in resource allocation for scheduling data or small PRB for A-CSI report.    

Conclusion 

In this contribution, the triggering of SCell dormancy behavior is discussed and analyzed.  We have the following proposals, 
· Proposal 1:  Outside Active Time, the X1 dormancy indication bits in DCI format 3_0 indicates PDCCH monitoring of selected SCells.  No transition behavior needs to be specified from non-dormancy-like to dormancy-like behavior.  The dormancy indication bits should be disassociated with the BWP switching outside Active Time.   
· Proposal 2:  The dormant BWP has the same configurations as that of normal BWP except no CORESET and search space are configured for PDCCH monitoring.  
· Proposal 3:  The performance requirements of BWP switching delay in TS38.133 [16] should be reused for the delay requirements of the L1 based SCell dormancy indication.  
· Proposal 4:  The SCell dormancy indication bits are attached to scheduling DCI format 0_1 and 1_1 with CRC scrambled by C-RNTI while DCI format 0_1 and 1_1 are used for scheduling data transmission in PCell or SpCell.  
· Proposal 5:  The dedicated DCI used for SCell dormancy indication is the indication bits attached to DCI format 0_1 and 1_1 with CRC scrambled by C-RNTI with zero PRB in resource allocation for scheduling data or small PRB for A-CSI report.    
· 
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