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During RAN#85 meeting, the overlapping scope about dormancy behaviour between MR-DC/CA WI and Power Saving WI has been clarified with the following guidance [1]. According to the guidance, dormancy behaviour for SCell activation will first be handled in MR-DC/CA WI. If additional UE behaviour is needed for power saving signal/channel outside active time, RAN1 chair will treat this together with dormancy discussion under MR-DC/CA WI.
	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



During RAN1#98 meeting, both temporary RS and dormancy behaviour have been discussed. In this contribution, we further analyse this two solutions for fast SCell activation.
Temporary RS
According to our contribution in RAN1#98 meeting [2], both temporary RS and dormancy behaviour can reduce the SCell activation latency. The dormancy behaviour provides a smaller SCell activation latency compared with temporary RS at the cost of higher power consumption and higher DL/UL resource overhead.
From our understanding, the temporary RS and dormancy behaviour are targeted to different use cases. The target use case for dormancy behaviour is frequent traffic load, which tries to keep the SCell in active state. When the traffic arrives, the SCell can switch from dormancy to normal state promptly. While the target use case for temporary RS is low traffic load. If there is low traffic load, keeping BWP in the SCell in dormancy greatly increases the power consumption, uplink overhead for CSI report and downlink overhead for CSI measurement. In this case, it is better to just deactivate the SCell. When the traffic arrives, temporary RS can be adopted to reduce the SCell activation delay.
Moreover, dormancy behaviour can’t cover all the cases, e.g., direct configuration of SCell in activated state during handover, SCell addition, SCG change and resume (which is FFS). For these scenarios, the temporary RS is more suitable to reduce the SCell activation delay.
Since temporary RS and dormancy behaviour are targeted to different use cases, both two solutions can be supported.
Proposal 1: Support both temporary RS and dormancy behaviour for fast SCell activation.
In RAN1#98, two options have been summarized for temporary RS. Due to the late stage of Rel-16, the option with less spec impact the specification workload is preferred. From this perspective, Option 1 seems to be more attractive since it has little RAN1 spec impact.
According to the current RAN1 mechanism, K1+3ms is reserved for MAC CE processing and RF warm up. The similar mechanism be can reused for temporary RS triggering. Network transmits the temporary RS triggering DCI to UE before K1+3ms and transmits the triggered temporary RS to UE later than K1+3ms.  The only change in RAN1 spec is to allow triggering of temporary RS transmitted in this time duration before SCell activation.    
Proposal 2: For temporary RS, 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 (Option 1). Network transmits the temporary RS triggering command to UE before K1+3ms and transmits the triggered temporary RS to UE later than K1+3ms.

	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
Note: companies (especially those interested in option 2) should bring ‘full proposals’ covering all design aspects for the next meeting.



Dormancy behaviour
During RAN1#98 meeting, a post meeting email discussion [98-NR-22] was agreed to discuss the potential solutions for dormancy behaviour. The outcome is listed in the Appendix.
According to the previous discussion, the following issues have been identified. In this section, we present our analysis for these issues.
State switch or BWP switch
Firstly, two ways can be adopted to realize the switching between dormancy and non-dormancy behaviour, i.e., BWP state switching or BWP switching. As the left part of Figure 1 shown, BWP state switching is adopted to realize the switching between dormancy behaviour (dormant state) and non-dormancy behaviour (active state). As the right part of Figure 1 shown, the BWP switching is adopted to realize the switching between dormancy behaviour (dormant BWP) and non-dormancy behaviour (active BWP).
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[bookmark: _Ref20988616]Figure 1. Dormancy and non-dormancy switching via BWP state switching or BWP switching.
Both ways are workable to realize switching between dormancy and non-dormancy behaviour. However, BWP state switching requires more spec impact. First, two states or two sets of RRC configurations where each set of RRC configuration corresponds to one state have to be defined for the BWP, which may require both RAN1 and RAN2 spec impact. Second, a new L1 signalling has to be defined for the BWP state change, which requires mainly RAN1 spec impact. While as for the BWP switching to realize dormancy and non-dormancy behaviour switching, most of the RAN1 related configurations (e.g., PDCCH-Config) are BWP specific. RAN2 spec already supports different RRC configurations for “dormant BWP” and “active BWP”, thus no RAN2 spec impact is required from this perspective. Since the BWP switching mechanism has already specified in Rel-15, no RAN1 spec is required. Based on the above analysis, realizing dormancy and non-dormancy behaviour switching by BWP switching is preferred. 
Proposal 3: Reuse BWP switching mechanism to support switching between dormancy and non-dormancy behaviour. 
How to realize dormancy behaviour
The next issue is the definition of dormancy behaviour. Although it is agreed that RAN2 will define dormancy behaviour under MR-DC/CA WI, we can still discuss preference in RAN1. According to the previous discussion in RAN1, at least PDCCH monitoring and CSI-RS configurations shall be different for dormancy and non-dormancy behaviour. One debate on PDCCH monitoring is whether to configure no or sparse PDCCH monitoring for dormancy behaviour. From our perspective, to facilitate the specification progress of fast SCell activation, the dormancy behaviour can be left to network implementation. If the network believes that sparse PDCCH monitoring is better, then sparse PDCCH monitoring is configured; otherwise, no PDCCH monitoring is configured. Moreover, leaving the dormancy behaviour to network implementation can greatly increase the network flexibility. If BWP switching mechanism is reused to support switching between dormancy and non-dormancy behaviour, all the BWP configuration flexibility can be inherited for dormancy behaviour. From UE perspective, the dormancy behaviour is transparent since UE only needs to follow the network configuration no matter whether it is a dormancy behaviour or not. 
Proposal 4: The configuration of dormancy behaviour is left to network implementation. The dormancy behaviour is transparent to UE, i.e., UE only needs to follow the network configuration no matter whether it is dormancy behaviour or not.
BWP inactivity timer for dormant BWP
In Rel-15, a similar BWP-based mechanism has been specified for power saving, i.e., default BWP. An inactivity timer is defined for default BWP. If the inactivity timer expires, UE switches its DL BWP to the default BWP for power saving. Network supports the flexibility of configuring the dormant BWP as the default BWP. If so, after the BWP inactivity expires, UE will switch to the dormant BWP for power saving. In fact, there is no necessity to define a new timer for dormant BWP given that BWP inactivity has already been specified for the same purpose.
Proposal 5: Network supports the flexibility of configuring dormant BWP as the default BWP. If network configures the dormant BWP as the default BWP, UE switches back to the dormant BWP when the BWP inactivity timer expires.
Lower requirement for supporting two BWPs
Some companies argued that BWP-switching based solution for dormancy and non-dormancy switching may not be applicable to UEs only supporting one dedicated BWP. However, from our understanding, most of the UEs already support two BWPs, BWP switching is not likely to be the bar for UEs with power saving needs. If UE vendors still have concern on supporting two BWPs, one new UE capability can be defined to lower the UE requirements of supporting two BWPs. For example, the two BWPs have the same RRC configurations except for PDCCH monitoring and CSI-RS configuration. The details can be left to UE capability discussion. 
Proposal 6: A new capability can be defined to lower the UE requirements of supporting two BWPs. E.g., the two BWPs have the same RRC configurations except for PDCCH monitoring and CSI-RS configuration.
Mechanism for switching from dormant BWP to normal BWP
The next issue is how to indicate the UE to switch from dormant BWP to normal BWP if there is no PDCCH monitoring in the dormant BWP. Currently, according to the Rel-15 spec, UEs supporting cross-carrier scheduling can already transmit a BWP switching DCI in the scheduling cell (e.g., PCell) to trigger a BWP switching in the SCell where there is no PDCCH monitoring. Thus, for UEs supporting cross-carrier scheduling, the Rel-15 cross-carrier scheduling mechanism can be used to switch from dormant BWP to normal BWP. More specifically, if network configures cross-carrier scheduling for one SCell, the CIF and BWP index in the cross-carrier scheduling DCI can be used to switch from dormant BWP to normal BWP in the SCell.
Proposal 7: If network configures cross-carrier scheduling for a SCell, the CIF and BWP index in the cross-carrier scheduling DCI can be used to switch from dormant BWP to normal BWP in the SCell.
If network doesn’t configure cross-carrier scheduling for a SCell, a new L1 signalling can be defined to trigger BWP switching of the SCell. Due to bursty traffic load, network is likely to offload the traffic load to several cells in order to decrease transmission latency. From this perspective, switching a group of SCells from dormant BWP to normal BWP at the same time via one L1 signalling is a desired design from network perspective. Both Option 1a and Option 2 as listed in the Appendix can provide this group triggering. 
For Option 1a, a new dedicated DCI on PCell is adopted to indicate the BWP switching command for a group of SCells. One example is that one bit in the DCI corresponds to a group of SCells, bit filed “1” indicates to switch from dormant to normal BWP and bit field “0” indicates to keep on the current BWP. For Option 2, the current BWP switching mechanism (i.e., DCI-based and inactivity-based) is adopted to indicated the BWP change for a group of SCells configured by RRC configuration. Within these grouped SCells, BWP switching performs at the same time. If one of the SCell switches from dormant BWP to normal BWP, all the other SCells in the same group will perform the same switching. One example is that BWP-switching DCI in PCell indicates PCell to switch from BWP#0 to BWP#1, all the other SCells in the same group as PCell perform the same BWP switching. 
From our perspective, the new mechanism is mainly for switching from dormant BWP to normal BWP, but not for introducing new general BWP switching mechanism for all the other BWP switching cases. Thus, 1 bit for each SCell in the L1 signalling is sufficient. On the other hand, RAN1 spec supports configuring up to 16 Cells for each UE within one CG, 1 bit for each SCell in the L1 signalling also makes sense to reduce the DCI size.
Proposal 8: RAN1 supports one L1 signalling triggering BWP switching from dormant BWP to normal BWP simultaneously for at least one group of SCells configured by RRC. Within the L1 signalling, 1 bit for each SCell group is sufficient. 
Conclusion
To sum up, the following proposals are presented in this contribution.
For temporary RS
Proposal 1: Support both temporary RS and dormancy behaviour for fast SCell activation.
Proposal 2: For temporary RS, 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 (Option 1). Network transmits the temporary RS triggering command to UE before K1+3ms and transmits the triggered temporary RS to UE later than K1+3ms.
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For dormancy behaviour
Proposal 3: Reuse BWP switching mechanism to support switching between dormancy and non-dormancy behaviour. 
Proposal 4: The configuration of dormancy behaviour is left to network implementation. The dormancy behaviour is transparent to UE, i.e., UE only needs to follow the network configuration no matter whether it is dormancy behaviour or not.
Proposal 5: Network supports the flexibility of configuring dormant BWP as the default BWP. If network configures the dormant BWP as the default BWP, UE switches back to the dormant BWP when the BWP inactivity timer expires.
Proposal 6: A new capability can be defined to lower the UE requirements of supporting two BWPs. E.g., the two BWPs have the same RRC configurations except for PDCCH monitoring and CSI-RS configuration.
Proposal 7: If network configures cross-carrier scheduling for a SCell, the CIF and BWP index in the cross-carrier scheduling DCI can be used to switch from dormant BWP to normal BWP in the SCell.
Proposal 8: RAN1 supports one L1 signalling triggering BWP switching from dormant BWP to normal BWP simultaneously for at least one group of SCells configured by RRC. Within the L1 signalling, 1 bit for each SCell group is sufficient. 
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Appendix
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
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