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In RAN Meeting #81, the work item on multi-RAT dual-connectivity and carrier aggregation enhancements was approved. One of the objectives of this work item is to devise schemes for support of efficient and low latency serving cell configuration/activation/setup as follows [1]:

· 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

Based on the progress in last RAN1 meetings, we provide our views on fast Scell activation and dormancy behaviour. 
Fast SCell activation
In RAN1#98 meeting [2], two options were identified for fast SCell activation. The commonality is to reuse MAC CE based indication of SCell activation. The temporary RS which is transmitted right after the MAC CE transmission is used to reduce the activation time. The difference of the two options come from details of the temporary RS transmission. 

	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.



[bookmark: _Hlk17221238][bookmark: p1]According to RAN4 LS [3], the SCell activation delay generically defined as follows: for an activation command received in slot n, the UE shall have completed the activation at latest by slot n + THARQ + Tactivation_time + TCSI_Reporting. The main contribution on delay to the SCell activation delay comes from the Tactivation_time which includes AGC settling and fine synchronization time. In case the SCell is unknown, it also includes the cell detection time. In case of FR2, it may further include the L1-RSRP measurement with beam management and reporting time. Tactivation_time is the main delay contributor in both FR1 and FR2. Tactivation_time = TSMTC_SCell + 5msec. TSMTC_SCell is the SMTC periodicity of SCell being activated and the value can be configured from 5ms to 160ms. Meanwhile, a typical value for TSMTC_SCell is 20 msec which is the default SS/PBCH periodicity used in initial access. TCSI_reporting is the delay including uncertainty of the timing of CSI-RS transmission, UE processing time for CSI reporting and uncertainty of UL resource for CSI feedback. 

According to RAN4 LS [3], both Tactivation_time and TCSI_reporting could be reduced by temporary RS. In this sense, to support the delay reduction of CSI feedback, the temporary RS should a kind of CSI-RS. Therefore, the candidates include aperiodic/semi-persistent CSI-RS. NR Rel-15 already allow the flexible triggering of aperiodic/semi-persistent CSI-RS. We prefer to reuse the existing mechanism as much as possible. 

Proposal 1: Option 1 from RAN1#98 on temporary RS transmission and fast SCell activation is supported, i.e.,
· 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. 
Dormancy-like behaviour
In RAN1#98 meeting [2], the following agreements on dormancy-like behavior were made:

	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 

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

Update after email discussion/approval [98b-NR-24]
Working assumption:
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 
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




According to last meeting agreement, a UE supporting dormancy operation must be capable of at least two BWPs. Hence the dormancy switching is implemented by triggering BWP switching. Further, the Scell dormancy operation could be jointly configured with power saving operation. Outside active time, i.e. DRX_OFF, switching between dormancy-like behaviour and non-dormancy behaviour could be triggered by WUS DCI. If triggered, UE should switch to non-dormancy when active time, i.e. DRX_ON starts. Inside active time, further control on the switching between dormancy and non-dormancy could be controlled by L1 signalling. The L1 signalling triggering dormancy operation could either schedule a data or not. We provide some further details in the following sections. 
Inside active time
The L1 signalling triggering dormancy operation could either schedule a data or not. The switching of scheduling behaviour could be based one dedicated bit in a DCI but it results in further bit overhead. Even though it is only one bit, it is present in all the transmitted DCIs causing a constant overhead. Therefore, it is preferred a special combination of fields in DCI could be used to indicate that no data is scheduled. The other value combinations of the above fields are still used in normal data transmission. A proposal in last meetings is that the frequency domain resource allocation (FDRA) could be set to all ‘1’ for the purpose. However, it will result in undesired limitation of DL scheduling. For DL resource allocation type 0, codepoint of all ‘1’ is indicating all RBGs are allocated to UE which is essential for achieving peak data rate. The reason that codepoint of all ‘1’ can be used in PDCCH validation of SPS deactivation is that codepoint of all ‘1’ is useless in RIV based FDRA of DCI 0_0/1_0. To minimize the impact on data scheduling, a better candidate for the special value combination could be the combination indicating TB disabling. In NR, it is IMCS = 26 for MCS field and rvid = 1 for RV field. For a DCI 0_1, 0_0, 1_0 and 1_1 if only single TB is configured, the DCI is only for dormancy operation if the TB is disabled. On the other hand, for DCI 1_1 if two TBs are configured, the DCI is only for dormancy operation if both TBs are disabled. Up to 15 bits can be available by reinterpretation of other fields except MCS and RV. 

Proposal 2: In the DCI switching dormancy behaviour for Scells, A special value combination is adopted to control whether data is scheduled or not: IMCS = 26 for MCS field and rvid = 1 for RV field

According to the current agreements, gNB could configure two or more BWPs for a Scell for a UE. One BWP is for dormancy and other BWP(s) are for non-dormancy. No matter which BWP for non-dormancy is activated on the Scell, the Scell is switched to the BWP for dormancy once receiving a L1 signaling which switches the SCell from non-dormancy to dormancy. One BWP from the BWPs for non-dormancy could be set as default, so that it is activated right after receiving a L1 signaling which switches the SCell from dormancy to non-dormancy. Since the default BWP for non-dormancy needs to share CSI report which is reported for the BWP for dormancy, its frequency resource allocation is desired to be fully overlapped with the BWP for dormancy. For flexibility, the default BWP for non-dormancy could be explicitly configured by RRC signalling. 

Proposal 3: The default BWP for non-dormancy which is used right after reception of a L1 signalling for dormancy switching is configured by RRC. 

In NR, each BWP is assigned a BWP ID, which is used in data scheduling and is indicated by the BWP indicator field in a DCI. However, a BWP for dormancy is not used for data scheduling. One question is whether the BWP indicator field can indicate the BWP for dormancy. Such a case doesn’t happen if the Scell is in dormancy since no PDCCH is monitored at all. In other cases, BWP indicator in a DCI indicates the right BWP for currently scheduled data. It is strange to allow the scheduling of a data on a BWP for dormancy. In conclusion, a UE doesn’t expect the BWP indicator is set to a value indicating BWP for dormancy. In other words, one code point of BWP indicator corresponding to the BWP for dormancy is wasted.  

Proposal 4: UE doesn’t expect the BWP indicator is set to a value indicating BWP for dormancy. 

In the email discussion [98b-NR-24], it was comments that Scell dormancy switching could also be indicated by a DCI scheduling a data of Scell if CIF field is present. Assuming DCI scheduling data for Pcell and Scell have the same DCI size, NR supports sharing the search space of both cells. In this sense, it doesn’t cause any additional detection by allowing dormancy indication by DCI scheduling data for Scell. One more issue whether a DCI for dormancy switching can be transmitted on a Scell. In fact, all earlier discussions regarding a cell carrying the L1 signalling just refer to “DCI on Pcell (or cell x)”. We are fine to still allow a DCI transmitted on a Scell to indicate the switching between dormancy and non-dormancy. 

Proposal 5: The DCI switching dormancy behaviour for Scells could schedule a data for Pcell or a Scell. The DCI switching dormancy behaviour for Scells could be transmitted on a Scell. 

In Rel-15, bwp-InactivityTimer is the parameter which configures the duration in ms after which the UE falls back to the default BWP. bwp-InactivityTimer is common to all BWPs of a Scell. When dormancy behavior is supported, the operation on a BWP for dormancy and a BWP for non-dormancy is quite different. Therefore, bwp-InactivityTimer could be separately configure for the BWP for dormancy and other BWP(s) for non-dormancy. 

Proposal 6: bwp-InactivityTimer could be separately configure for the BWP for dormancy and other BWP(s) for non-dormancy. 
Outside active time
A UE may be configured with Scell dormancy and power saving operation simultaneously. For a UE outside active time, i.e. DRX_OFF, the WUS PDCCH can have X1+1 bits for a UE, which includes one bit wakeup indication for Pcell and X1 bits for dormancy indication of Scell group(s). X1 can be up to 5. If the one bit wakeup indication is disabled, it means Pcell doesn’t need to be active in the following active time, i.e. DRX_ON. In this case, all Scells must keep dormancy even in case a configured bit of the X1 bits for the UE is setting to ‘1’. On the other hand, if the one bit wakeup indication is enabled, it means Pcell needs to be active in the following active time, i.e. DRX_ON. In this case, whether one or more groups of Scells need to switch into non-dormancy is controlled by the X1 bits configured for the UE.  

One issue is that the number of supported UEs in a WUS PDCCH is significantly reduced by extending the indication per UE from 1 bit to X1+1 bits. One potential mitigation scheme is allowing multiple UEs sharing the same bit(s) in WUS PDCCH. If the X1+1 bits for a UE always occupies consecutive bits, it puts large restriction to share the bits for different UEs. For the flexibility, for each bit of the X1+1 bits for a UE, the bit position in WUS PDCCH can be separately configured by RRC. That is, it is up to gNB to configure multiple UEs sharing the same bit(s) and find a proper bit position for the dormancy operation of a group of Scells. 

Proposal 7: Outside active time, for the X1+1 bits configured for a UE in WUS PDCCH, 
· if the one-bit wakeup indication indicating Pcell is not active in the following active time, all Scells keep dormancy.
· The bit position in WUS PDCCH for each bit of the X1+1 bits can be separately configured by RRC.
Conclusion
In this contribution, we provide our views on temporary RS based fast Scell activation and dormancy-like behaviour by L1 triggering. We make the following proposal, 
Proposal 1: Option 1 from RAN1#98 on temporary RS transmission and fast SCell activation is supported, i.e.,
· 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.
Proposal 2: In the DCI switching dormancy behaviour for Scells, A special value combination is adopted to control whether data is scheduled or not: IMCS = 26 for MCS field and rvid = 1 for RV field
Proposal 3: The default BWP for non-dormancy which is used right after reception of a L1 signalling for dormancy switching is configured by RRC. 
Proposal 4: UE doesn’t expect the BWP indicator is set to a value indicating BWP for dormancy. 
Proposal 5: The DCI switching dormancy behaviour for Scells could schedule a data for Pcell or a Scell. The DCI switching dormancy behaviour for Scells could be transmitted on a Scell. 
Proposal 6: bwp-InactivityTimer could be separately configure for the BWP for dormancy and other BWP(s) for non-dormancy. 
Proposal 7: Outside active time, for the X1+1 bits configured for a UE in WUS PDCCH, 
· if the one-bit wakeup indication indicating Pcell is not active in the following active time, all Scells keep dormancy.
· The bit position in WUS PDCCH for each bit of the X1+1 bits can be separately configured by RRC.
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