3GPP TSG RAN WG1 Meeting #98bis                                                       	        R1-1910682
Chongqing, China, October 14th – 20th, 2019  
[bookmark: Source]
Agenda Item:		7.2.13.3
Source: 	Intel Corporation
Title:	Discussion on fast SCell activation and deactivation
Document for: 	Discussion/Decision
[bookmark: _Ref7476982]Introduction 
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 




Then, the following candidate options are listed by the email discussion [98-NR-22]. 

	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



In general, the above options can be categorized by whether a dedicated DCI is used to achieve the functionalities. Option 1/1a rely on dedicated DCI for the switching between dormancy-like behaviour and non-dormancy-like behaviour. Meanwhile, other options use a DCI scheduling data transmissions. A dedicated DCI could provide fine control on the dormancy-like behaviour on multiple SCells. It avoids the change/reinterpretation of the existing DCI format scheduling data transmission. Different bits in the dedicated DCI could be RRC-configured for the control of different SCell. On the other hand, it is up to RRC configuration that different SCells may share the same bits in the dedicated DCI for dormancy-like behaviour switching. The application of the dedicated DCI is also independent to the optional UE capabilities. For example, even in case that cross-carrier scheduling is not supported or not configured, the dedicated DCI still could apply to multiple carriers for dormancy-like behavior indication. On the contrary, other options except Option 1/1a relying multiple BWP operation, L1 based BWP switching or cross-carrier scheduling. All of them are defined as optional features in NR Rel-15, which limits the application of dormancy-like/non dormancy-like behaviour.
 
Regarding the control of a SCell, the dedicated DCI may explicitly indicate one from multiple BWPs of the SCell. 2 bits are needed for the differentiation of up to 4 BWPs. On the other hand, the dedicated DCI may only apply to the current active BWP. In the dormancy-like behaviour, even CSI report for the active BWP may subject to a level of limitation. That is, it is questionable whether a BWP different from active BWP has available CSI for efficient DL transmissions. In this sense, it is more reasonable that the dedicated DCI can control the operation on the current active BWP of a SCell. 

One further issue is how to control the current active BWP. In fact, if a UE only has the capability of single BWP or the UE is configured with single BWP, then the single BWP is the current active BWP. One alternative is to indicate whether to monitor/not monitor PDCCH on the BWP. While the other alternative is to indicate switching between sparse PDCCH monitoring and frequent PDCCH monitoring on the BWP. To maximize the gain of power saving, we prefer to either perform regular PDCCH detection on the BWP or turn off PDCCH monitoring completely. In fact, since the dedicated DCI is monitored on a separate cell, e.g. PCell, it is questionable why UE should still monitor a sparse PDCCH on the SCell. 

For NR CA supporting up to 15 cells, up to 15 bits may be used in the dedicated DCI for the indication for all the SCells. During the email discussion [98-NR-22], there was the comments that the same indication could apply to a cell group, which is a way to reduce the overhead. To avoid extra BDs, the dedicated DCI should have same DCI size with an existing DCI format. The dedicated DCI could be UE specific.  If C-RNTI applies on the DCI, special values of certain fields in the DCI is used to validate the indication of dormancy-like/non dormancy-like behaviour. On the other hand, if a RNTI different from C-RNTI is used, all bits in the DCI are available for the indication. Alternatively, the dedicated DCI could applies to a group of UEs.

Proposal 2: A dedicated DCI is used to switch between ‘dormancy-like’ and ‘non dormancy-like’ behavior on activated Scell(s), i.e., support Option 1
· DCI indicates whether to monitor/not monitor PDCCH on current active BWP of the Scell (1 bit per Scell)
· The bit(s) in the dedicated DCI for the switching between dormancy-like behaviour for a SCell is configured by RRC.

In RAN#85 meeting [3], the scope of dormancy-like behaviour and power saving was discussed and agreed to be discussed under MR-DC/eCA 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



Without considering DRX, the dedicated DCI for the indication for dormancy-like behaviour could be transmitted on a cell, e.g. PCell that is always activated. The search space for the DCI could have a small periodicity which enables fast transmission of the DCI for delay reduction. However, if DRX is further introduced, we see two conflicting aspects need consideration. A longer DRX cycle benefits power saving, however, it cause longer delay for the indication of switching between ‘dormancy-like’ and ‘non-dormancy-like’ behaviour. It is actually a trade-off between power saving benefit and delay reduction. Scell dormancy functionality can be configured for a UE regardless of whether DRX is configured or not, i.e., UE is expected to receive L1 signaling for triggering dormancy or non-dormancy-like behaviour in active time (DRX ON). In power saving WI, it has been agreed to use power saving signal such as WUS DCI to indicate UE to wake up. We prefer to do keep design of WUS DCI outside active time and L1 signaling for triggering SCell dormancy/non-dormancy trigger separate as we don’t see strong justification why WUS DCI has to support such as functionality given the fact that UE can receive L1 signaling for Scell dormancy when UE enters DRX ON anyways. WUS DCI has been agreed to be monitored in CSS, and it may contain fields more multiple UEs. If a UE is configured with a large number of Scells, a lot of bits maybe needed for per UE and WUS DCI payload may increase significantly. 

In general, a UE could monitor WUS PDCCH for the switching to DRX_ON state. Then, the dedicated DCI for the switching between ‘dormancy-like’ and ‘non-dormancy-like’ behaviour is only monitored within the DRX_ON state. If WUS trigger is detected, UE enters DRX ON with Pcell active and with other Scells in the same status as it was in the previous active time. If needed, gNB can send L1 signaling before active time ends to adjust the status of Scells so that when UE wakes up in next DRX ON, only Pcell or Pcell with selected Scells can be in non-dormancy like state only. Alternatively, such signaling can be provided at the beginning of DRX ON as well to keep appropriate number of Scells in non-dormancy like status. 

Proposal 3: The dedicated DCI for switching between ‘dormancy-like’ and ‘non-dormancy-like’ behaviour can only be received in active time when DRX is configured
· WUS DCI does not include any indication of dormancy-like or non-dormancy-like behaviour for Scells. 
· No new UE behaviour is introduced when UE is additionally configured with monitoring for WUS DCI
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: A dedicated DCI is used to switch between ‘dormancy-like’ and ‘non dormancy-like’ behavior on activated Scell(s), i.e., support Option 1
· DCI indicates whether to monitor/not monitor PDCCH on current active BWP of the Scell (1 bit per Scell)
· [bookmark: _GoBack]The bit(s) in the dedicated DCI for the switching between dormancy-like behaviour for a SCell is configured by RRC.
Proposal 3: The dedicated DCI for switching between ‘dormancy-like’ and ‘non-dormancy-like’ behaviour can only be received in active time when DRX is configured
· WUS DCI does not include any indication of dormancy-like or non-dormancy-like behaviour for Scells. 
· No new UE behaviour is introduced when UE is additionally configured with monitoring for WUS DCI
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