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1	Introduction
RAN4 and RAN1 input on NR fast SCell activation indicates that a dormancy behaviour may reduce the latency for NR SCell activation [1],[2]. Also, as agreed in [3], RAN1 is expected to specify L1 based mechanism for transitioning between ‘dormancy-like’ and ‘non-dormancy-like’ behavior on activated SCells. Several options for the L1 based mechanism are under discussion in RAN1. This contribution discusses the RRC impact associated to those options.
[bookmark: _Ref178064866]2	Discussion
Current RAN2 agreements on dormancy behaviour were captured in RAN2#106 as follows:
Agreement
1	SCell dormant state like LTE euCA will not be introduced in NR. 
2	‘dormancy’ behaviour will be studied as a solution for fast return to SCell utilisation for data transfer. The 'dormancy' behaviour implies that the UE stops monitoring PDCCH but continues other activities such as CSI measurements, AGC and beam management. RAN1/4 input required on feasibility and benefit.
 
While the above principle seems to be in line with RAN1 input [2], dormancy behaviour is still under discussion in RAN1 and several mechanisms for  transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behaviour on activated Scells are being discussed (details for each option are in Annex I). 
· Option 1: 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);
· Option 2: 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;
· Option 3: 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; 
· Option 1a: 	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);
· Option 3a: 	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; 
· Option 3b:	Configure CIF to be present in DCI format in Pcell search-space even if cross-carrier scheduling is not configured. 
Given the options above, we outline aspects for them, from option 3 to 1, including its variants (e.g. 1A, 3A).
In our view, Option 3a expresses what is already allowed in Rel-15 in the lines of a dormancy behaviour. Hence, there are limitations associated to this option. For instance, this would rely on multiple BWPs and cross-carrier scheduling, which is not in BWP configuration level. Therefore, while changing from “dormant” BWP to “non-dormant” BWP for a given SCell, even if a DCI is used for BWP indication with the aim to have a faster change, the NW would also have to subsequentially reconfigure this SCell to be self scheduled. We think RRC messages should not be required for transitions to/from “dormancy” behaviour, otherwise, the benefit of a fast switching to/from “dormancy” is not achieved.
[bookmark: _Toc21026830]It is preferred to avoid frequent transmission of RRC messages, to support transitions to/from “dormancy” behaviour, as the transmission of RRC messages would increase the actual delay associated with the transitions.
While Option 3 gives additional flexibility to cross-carrier scheduling, since it proposes to move this configuration down to BWP level, it would be complex to manage two levels of cross-carrier scheduling. Moreover, both option 3A and 3 rely on multiple BWPs and cross-carrier scheduling to work. This would be too restrictive and would reduce the usefulness of the feature.
[bookmark: _Toc21026831]“Dormancy” design should not be limited to the cases where multiple BWPs are configured and/or cross-carrier scheduling is configured.
Option 2 still relies on multiple BWPs, but does not necessarily require cross-carrier scheduling and would allow, in principle, a faster switch between “dormant” and “non-dormant” behaviour with the use of existing BWP indicator in DCI. However, the current BWP indicator is restricted to signal 4 BWPs and would not be able to signal the dormancy behaviour (e.g. trough the PCell) of each SCell if many SCells are configured. While a group of SCells could be configured via RRC or another scheme could be conceived to use the existing BWP indicator in DCI, as for Option 3a, this may require subsequent RRC messages when switching SCells “dormancy”. For instance, it may be that a first grouping of SCells is configured to change multiple SCells to “dormancy” simultaneously. But if only one of the SCells from this group should be changed back to “non-dormancy” afterwards, the network would have to first send an RRC message to reconfigure the already defined group of SCells, so that only the required SCell is changed. 
[bookmark: _Toc21026832]The use of SCell grouping for transitions to/from “dormancy” behaviour should not preclude transitions for a single SCell.
A similar SCell grouping approach is proposed in Option 1a, where the groups configured via RRC would be used together with new DCI bits to indicate the group of SCells to be changed between “dormant” and “non-dormant” behaviour. This poses the same issues mentioned above for Option 2, but it would not be dependant on multiple BWP or cross-carrier scheduling. 
Option 1 is also not dependant on those features and thus would have minimal RRC impact to them – as in Option 1a, one of the alternatives of Option 1 is to send a DCI to indicate a specific BWP. But our understanding is that this would not preclude an indication related to a given SCell if e.g. only 1 BWP is configured for that SCell. In addition, even though (as in Option 1a) new DCI bits would have to be defined, Option 1 would benefit from a fast change between “dormant” and “non-dormant” behaviour without the need of RRC messages for those transitions. 
In this manner, given the aspects raised above, we propose that the following points should be discussed in RAN2. 
[bookmark: _Toc21026833]‘Dormancy’ behaviour can be applied regardless of the configuration of multiple BWPs or cross-carrier scheduling.
[bookmark: _Toc21026834]Transitions to/from “dormancy” behaviour do not require the transmission of RRC messages.
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3	Conclusion
In the previous sections we made the following observations: 
Observation 1	It is preferred to avoid frequent transmission of RRC messages, to support transitions to/from “dormancy” behaviour, as the transmission of RRC messages would increase the actual delay associated with the transitions.
Observation 2	“Dormancy” design should not be limited to the cases where multiple BWPs are configured and/or cross-carrier scheduling is configured.
Observation 3	The use of SCell grouping for transitions to/from “dormancy” behaviour should not preclude transitions for a single SCell.


Based on the discussion in the previous sections we propose the following:
Proposal 1	‘Dormancy’ behaviour can be applied regardless of the configuration of multiple BWPs or cross-carrier scheduling.
Proposal 2	Transitions to/from “dormancy” behaviour do not require the transmission of RRC messages.
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5	Annexe I 
Excerpt from Res[98-NR-22] Email discussion on options for L1 based Scell dormancy
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. [bookmark: _Hlk20850250]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


