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1. Introduction
In RAN1#98bis meeting, the following was agreed regarding discussion in RAN1 on L1 based Scell dormancy [1].
	Agreements:
· From RAN1 perspective, L1 based mechanism for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behavior on activated Scells can be supported
· ‘dormancy-like’ => sparse/no PDCCH monitoring on activated Scell while maintaining CSI measurements/reporting 


Moreover, in RAN#85 meeting, the following was agreed regarding further procedure on the Scell dormancy in RAN1 and RAN2 [2].
	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


According to the agreements, RAN1 should specify L1 based mechanism for transition between dormancy behaviour and normal behaviour in MR-DC/CA agenda first. In this contribution, we discuss how to define L1 signaling based dormancy behaviour in RAN1.

2. Discussion 
Quite a long list of the candidates for L1 based dormancy behaviour switching algorithm was agreed via RAN1 email discussion after RAN1#98 meeting, where description of each candidates is also very long and incomplete in many cases. Also, it was agreed that the candidates for discussion in RAN#98bis would not be limited to the agreed candidates. The agreements are quoted below.

	For L1 based mechanism for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behavior on activated Scells, study further the candidates including the following and aim to conclude at RAN1#98bis

o   Option 1
0. Introduce dedicated DCI on Pcell (or cell x) for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behavior on activated Scell(s) (or Scell(s) other than cell x)
0. For case when Scell is configured with multiple BWPs
                                                               i.      Alt1: DCI indicates the BWP to be used on the Scell (FFS 1 or 2 bits per Scell)
                                                             ii.      Alt2: DCI indicates whether to monitor/not monitor PDCCH on current active BWP of the Scell (1 bit per Scell)
Note: It is also possible that the dedicated DCI is used to support both Alt. 1 and Alt. 2
0. For case when Scell is configured with 1 BWP
                                                               i.      Alt1: DCI indicates whether to monitor/not monitor PDCCH on the Scell (1 bit per Scell)
                                                             ii.      Alt2: DCI indicates switching between sparse PDCCH monitoring and frequent PDCCH monitoring (1bit per Scell)
0. DCI is applicable for case when UE is not configured with CIF (i.e., no cross-carrier scheduling)
                                                               i.      FFS for cross-carrier scheduling case
0. DCI details
                                                               i.      At least [15] DCI bits (i.e., 1 bit per Scell)
                                                             ii.      Monitored along with other scheduling DCI
                                                           iii.      No extra BDs for monitoring this DCI
0. Alt 1: DCI CRC scrambled with C-RNTI but some fields reserved in one of DCI 0-0/0-1/1-0/1-1, and other fields used for triggering the dormancy behavior
0. Alt 2: DCI CRC scrambled by another RNTI (i.e., similar to SPS PDCCH release)
0. Other alternatives not precluded (e.g. monitored in CSS with size similar to DCI 2-x)
0. Application delay
                                                               i.      <= BWP switching delay; BWP switching delay is starting point
                                                             ii.      FFS: if RF switching is applied for inter-band CA, and impact on application delay 
0. The dedicated DCI is not expected to be used for data scheduling 
0. FFS: If ACK should be transmitted in response to receiving the DCI (e.g. like SPS release PDCCH) 


o    Option 2
0. Introduce new RRC signaling which allows to use the existing Bandwidth part indicator field in DCI of cell x/BWP timer expiration to indicate the BWP used for cell x and also cell(s) other than cell x 
0. For case when UE is configured with 1 BWP on cell x or on cell(s) other than cell x 
                                                               i.      Alt1: Rel15 behaviour is applied (i.e., no CA enhancement for this case)
Note: other alternatives not precluded
0. For case when UE is configured with multiple BWPs on cell x or on cell(s) other than cell x 
                                                               i.      RRC signalling for case when UE is not configured with cross-carrier scheduling
0. Details FFS
                                                             ii.      RRC signalling for case when UE is configured with cross-carrier scheduling
0. Details FFS
0. Grouping of multiple Scells/BWPs
                                                               i.      Details FFS
0. Application delay 
                                                               i.      <= BWP switching delay; BWP switching delay is starting point
                                                             ii.      FFS: if RF switching is applied for inter-band CA, and impact on application delay 
                                                           iii.      FFS details: e.g. For UE indicating Type 2 capability, whether Type 1 BWP switching delay is used for some BWP switch cases (e.g. for switching between BWPs that differ only in SS configuration)


o    Option 3
0. Introduce new RRC signaling for per-BWP configuration of cross-carrier vs. self scheduling and use the CIF/BWP indicator fields for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behavior on activated Scells. 
                                                               i.      For case when UE not configured with cross-carrier scheduling/CIF
0. Alt1: Rel15 behaviour is applied (i.e., no CA enhancement for this case)
Note: Other alternatives not precluded
                                                             ii.      For case when UE is configured with 1 BWP on scheduled cells other than Pcell 
0. Alt1: Rel15 behaviour is applied (i.e., no CA enhancement for this case)
Note: Other alternatives not precluded
0. Application delay 
                                                               i.      <= BWP switching delay BWP switching delay is starting point
                                                             ii.      FFS: if RF switching is applied for inter-band CA, and impact on application delay
o   Option 1a 
1. Introduce new RRC signalling to create a mapping of Scell/Scell group(s) to the indication field (x-bit) in the new and new dedicated DCI on Pcell (or cell x) for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behavior on groups of activated Scell(s) (or groups of Scell(s) other than cell x)
                                                               i.      FFS details of RRC signaling to group the Scells
1. For case when Scell is configured with multiple BWPs
                                                               i.      Alt1: DCI indicates the BWP to be used on the group of Scell(s) 
                                                             ii.      Alt2: DCI indicates whether to monitor/not monitor PDCCH on current active BWP of the group of Scell(s) 
Note: It is also possible that the dedicated DCI is used to support both Alt. 1 and Alt. 2
1. For case when Scell is configured with one or multiple BWPs
                                                               i.      Alt1: DCI indicates whether to monitor/not monitor PDCCH on current active BWP of a the group of Scells (1 bit per group of Scells)
                                                             ii.      Alt2: DCI indicates switching between sparse PDCCH monitoring and frequent PDCCH monitoring for the group of Scell(s) 
1. DCI is applicable for case when UE is not configured with CIF (i.e., no cross-carrier scheduling)
1. FFS for cross-carrier scheduling case
1. DCI details FFS
1. Application delay 
1. <= BWP switching delay; BWP switching delay is starting point
1. FFS: if RF switching is applied for inter-band CA, and impact on application delay
1. FFS between below alternatives 
0. Alt1: The new DCI is dedicated DCI and is not expected to be used for data scheduling 
0. Alt2: The new DCI is included along with scheduling DCI (i.e., enhanced field in scheduling DCI)
1. FFS: If ACK should be transmitted in response to receiving the DCI (e.g. like SPS release PDCCH) 

o    Option 3a
1. When UE is configured with cross-carrier scheduling, use CIF/BWP indicator fields for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behavior on activated Scells 
1. Use per serving cell configuration of cross-carrier vs. self scheduling as in Rel-15
1. For case when UE not configured with cross-carrier scheduling/CIF
0. Alt1: Rel15 behaviour is applied (i.e., no CA enhancement for this case)
Note: Other alternatives not precluded
1. For case when UE is configured with 1 BWP on scheduled cells other than Pcell 
0. Alt1: Rel15 behaviour is applied (i.e., no CA enhancement for this case)
Note: Other alternatives not precluded
1. Application delay 
1. <= BWP switching delay BWP switching delay is starting point
1. FFS: if RF switching is applied for inter-band CA, and impact on application delay

o    Option 3b
1. Configure CIF to be present in DCI format in Pcell search-space even if cross-carrier scheduling is not configured
1. Details FFS
1. Application delay 
1. <= BWP switching delay BWP switching delay is starting point
1. FFS: if RF switching is applied for inter-band CA, and impact on application delay

Note 1: FFS: If any additional UE behavior is needed when UE is also configured for receiving PDCCH based power saving signal/channel outside active time
Note 2: “BWP” => UE specific RRC configured BWP
Note 3: ‘dormancy like behavior’ may also include CSI measurement/reporting relaxation for some cases
Note 4: It is not precluded to further combine and modify above options



Instead discussing details of each candidate option, we start the discussion from fundamental points, which we believe will be more efficient than trying to complete more details of each candidate option since companies may have different details for each option for many aspects.
For convenience of discussion, hereafter, we use ‘dormancy behaviour’ and ‘normal behaviour’ to indicate ‘dormancy-like behaviour’ and ‘non-dormancy-like behaviour’ respectively. Also, we use ‘dormant BWP’ and ‘normal BWP’ to indicate BWP configured with ‘dormancy-like behaviour’ and BWP configured with ‘non-dormancy-like behaviour’ respectively.
1) Definition of dormancy-like behaviour
Even though it was agreed that RAN2 will work on definition of dormancy behaviour, it is also important to RAN1 to know what the dormancy behaviour is to discuss switching algorism between dormancy behaviour and normal behaviour. Considering existing definition of dormant state in LTE standards and what has been common understanding in RAN1 discussion, we suggest the following as definition of dormancy behaviour for the purpose of RAN1 discussion
Proposal 1
For RAN1 discussion purpose, dormancy behaviour for an active BWP is assumed to include at least the following:
· UE doesn’t monitor DCI on the BWP
· UE doesn’t expect PDSCH/PUSCH scheduling on the BWP

2) Explicit indication vs. reusing BWP switching mechanism
Each candidate option discussed so far includes two possible approaches for L1 signaling, that is;
· Explicit L1 signaling to indicate switching between dormancy behaviour and normal behaviour for an activated BWP
· Reusing BWP switching mechanism by configuring dormant BWP and normal BWP 
We think it is not necessary to introduce two different approaches in Rel-16 since they are not complementary for each other while introducing many options will results in unnecessarily complicated NR specifications.
Proposal 2
Do not support different L1 signaling mechanisms for switching between dormancy behaviour and normal behaviour in Rel-16, that is, BWP switching and explicit indication of dormancy/normal behaviour.

Moreover, comparing explicit indication and BWP switching, we propose to reuse existing BWP switching mechanism to support L1 signaling based dormancy behaviour. This is because BWP concept can already support various types of dynamic adaptation due to its nature of per-BWP configurability and reusing that mechanism is a unified way of NR specifications rather than introducing additional dynamic adaptation mechanisms. Instead of introduce additional L1 adaptation mechanisms case by case, UE capabilities related to BWP switching may be refined if necessary to support various types of L1 adaptation.
Proposal 3
Switching between dormancy behaviour and normal behaviour of a Scell is supported by BWP switching operation based on the existing BWP switching mechanism.
· L1 based dormancy behaviour is not supported for a Scell which is configured with a single BWP.

3) DCI for indication of switching between dormant BWP and normal BWP
Largely speaking, option 2 (and the variants) and option 3 (and the variants) under discussion consist of supporting L1 signaling based dormancy behaviour relying on the existing BWP switching mechanism. On the other hand, option 2 and option 3 have a big difference in that;
· Option 2 uses DCI configured for, e.g., Pcell/PScell in indicating BWP switching in a target Scell
· Option 3 uses DCI configured for the same Scell in indicating BWP switching in a target Scell
While option 3 may require per-BWP scheduling configuration which is not supported in Rel-15, most other parts of the DCI design in Rel-15 specification may be reused. Therefore we prefer following the approach of option 3.
Proposal 4
Dormant BWP of a Scell is configured with another scheduling cell. Then, DCI configured for the dormant BWP can indicate switching from the dormant BWP to a normal BWP as in legacy BWP switching operation
· FFS whether to support per-BWP scheduling cell configuration or not

4) Considerations on further details
Regardless of the L1 signaling algorithms for dormancy behaviour, e.g., BWP switching algorithm or explicit indication, PDSCH/PUSCH should not be scheduled by a DCI which indicate a UE switching from normal behaviour (e.g., normal BWP) to dormancy behaviour (e.g., dormant BWP)
Proposal 5
UE should not follow scheduling information (if any) in a DCI activating dormancy behaviour
· FFS if the DCI field should be ignored or set to a fixed value
BWP inactivity timer is a useful tool to recover from possible misalignment on the activated BWP in a cell between gNB and UE. However, if the network let the UE in a dormant behaviour or dormant BWP, it may not be desirable to use the BWP inactivity timer to switch the UE back to the normal behaviour or normal BWP. Separate configurations for the dormancy behaviour or dormant BWP on the BWP inactivity timer may be considered. But, simplest way can be to not apply BWP inactivity timer in case of dormancy behaviour or dormant BWP. In this case, suitable feedback mechanism from UE may be necessary to confirm the switching to the dormancy behaviour.
Proposal 6
For a BWP with dormancy behaviour, BWP inactivity timer should not be applied

3. Conclusion
In this contribution, we discussed how to define L1 signaling based dormancy behaviour in RAN1. Observations and proposals of this contributions are as follows.
Proposal 1
For RAN1 discussion purpose, dormancy behaviour for an active BWP is assumed to include at least the following:
· UE doesn’t monitor DCI on the BWP
· UE doesn’t expect PDSCH/PUSCH scheduling on the BWP
Proposal 2
Do not support different L1 signaling mechanisms for switching between dormancy behaviour and normal behaviour in Rel-16, that is, BWP switching and explicit indication of dormancy/normal behaviour.
Proposal 3
Switching between dormancy behaviour and normal behaviour of a Scell is supported by BWP switching operation based on the existing BWP switching mechanism.
· L1 based dormancy behaviour is not supported for a Scell which is configured with a single BWP.
Proposal 4
Dormant BWP of a Scell is configured with another scheduling cell. Then, DCI configured for the dormant BWP can indicate switching from the dormant BWP to a normal BWP as in legacy BWP switching operation
· FFS whether to support per-BWP scheduling cell configuration or not
Proposal 5
UE should not follow scheduling information (if any) in a DCI activating dormancy behaviour
· FFS if the DCI field should be ignored or set to a fixed value
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