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1. Introduction
During previous RAN1 discussions, both fast Scell activation and dormancy like behavior for activated Scell(s) are proposed as methods to enhance the efficiency (latency, power consumption, etc.) of Scell operation. The justifications of these two enhancements are as the following
· Fast Scell activation (from deactivated state to activated state)
In this method, the Scell is activated only when necessary (burst traffic arrival), while the transition delay from deactivated state to activated is further squeezed. The potential latency reduction analysis for Scell activation is given in section 2.1 below. 
· Keep the Scell activated, but use dormancy like behavior
In this method, the Scell remains activated regardless of traffic condition, such that the Scell can be used for DL transmission immediately after traffic arrival without activation delay. However, the UE power consumption during Scell activation time should be minimized as much as possible. Similar as in LTE Scell dormancy state, the PDCCH monitoring can be eliminated in case of no traffic demand on a Scell carrier frequency but the CSI measurement/reporting can be kept. Detailed analysis can be found in section 2.2 below. 
For a given UE, these two enhancements can be operated independently or simultaneously. 
In this contribution, we discuss the details of fast Scell activation and dormancy like behavior for activated Scell(s).
2. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Fast Scell activation
The following two options were agreed in RAN1 #98. 
	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.


For power saving purpose, the Scell is activated only when there is large amount of traffic for the UE. As specified in TS38.133 (copied in Annex for reference), the Scell activation delay is up to , where   contributes the most to the total time for Scell activation delay.
The factors that influence the value of    include at least the following:
· FR1
· Whether the activated SCell is known or not;
· Whether UE needs to do AGC or not;
· FR2
· Whether L1-RSRP report is needed for the activated SCell or not; 
· If the SCell is known to UE, it is not necessary to conduct L1-RSRP report during SCell activation;
· Whether there is another SCell in the same band;
· Whether there is any SMTC or SSB is configured for the SCell

With only two meetings left in this Rel-16, we could focus on following scenarios:
· The SCell is known to the UE:
· UE does not need to read MIB;
· UE does not need to do beam search and report L1-RSRP during SCell activation;
The SCell unknown to the UE may not be suitable for fast SCell activation, since there is no RRM measurement on these SCells after SCell addition and the network should endure large delay and expect such SCell needs a round of measurement before actual transmission. 

With such understanding, the cases for fast Scell activation are boiled down to the following:
· FR1 Case1: If the SCell is known and it belongs to FR1, Tactivation_time is TFirstSSB+ 5ms, if the SCell measurement cycle is equal to or smaller than 160ms.
· FR1 Case2: If the SCell is known and it belongs to FR1, Tactivation_time is TSMTC_MAX + Trs + 5ms, if the SCell measurement cycle is larger than 160ms.
· FR2 Case1: If the SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band, then Tactivation_time is TFirstSSB+ 5ms
· Note there is the case when SMTC is configured, the Scell activation is not necessary to be further optimized;
· FR2 Case2: If the SCell being activated belongs to FR2 and if there is no active serving cell on that FR2 band provided that PCell or PSCell is FR1:
If the target SCell is known to UE and semi-persistent CSI-RS is used for CSI reporting, then Tactivation_time is:
-	TFineTiming + 5ms, if UE receives the SCell activation command, semi-persistent CSI-RS activation command and TCI state activation command at the same time.
-	max (3ms, Tuncertainty) + THARQ +TFineTiming + 5ms, if UE receives TCI state activation command after SCell activation command.
If the target SCell is known to UE and periodic CSI-RS is used for CSI reporting, then Tactivation_time is:
-	max(Tuncertainty_MAC + 5ms + TFineTiming, Tuncertainty_RRC + TRRC_delay)
2.1. Analysis of different cases
2.1.1. FR1 Case1 and FR2 Case 1
For FR1 case 1, if the SCell is known, Tactivation_time is TFirstSSB+ 5ms, if the SCell measurement cycle is equal to or smaller than 160ms. There are several components in the Tactivation_time
· 3ms: MAC CE command application and RF warmup/retuning
· TFirstSSB:  the time to first SSB indicated by the SMTC after n + THARQ+3ms 
· 2ms: SSB processing
Similarly, for FR2 case1, if the SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band, then Tactivation_time is TFirstSSB+ 5ms.
TFirstSSB is determined by the configured SMTC periodicity on the Scell frequency, and can be down to 5ms if the network configures SSB transmission per 5ms. Reducing SMTC periodicity can be helpful for fast Scell activation, e.g. the activation delay can be reduced from 27ms to 12ms if the SMTC periodicity is reduced from 20ms to 5ms. However, this will cause significant network overhead, as SSB has to be transmitted on the Scell once per 5ms periodically regardless whether there is any UE requiring Scell activation or not. Alternatively, to avoid the overhead issue caused by periodic SSB transmission, network can trigger on demand RS to facilitate UE preparation (AGC and time/frequency sync) for Scell activation. The on demand RS can be SSB, or TRS, etc. The triggering of on demand RS can be either MAC CE based or DCI based. The TFirstSSB can potentially be reduced to 1~2ms if the on demand RS can be available immediately after the Scell activation command is applied at the UE. 
The on demand RS could be a one-shot RS like aperiodic TRS, which is mainly used to provide QCL-A parameters and fine-tune the timing. With such one shot RS, Tactivation_time could be reduced from 25ms to as small as 6ms:
· 3ms: MAC CE command application and RF warmup/retuning
· 1ms: RS reception (e.g., 2 slot TRS with 30kHz numerology)
· 2ms: RS processing
Observation 1: For both FR1 case1 and FR2 case 1, by enabling a one-shot RS during Scell activation, Tactivation_time could be reduced from 25ms to as small as 6ms.
2.1.2. FR1 Case2
For FR1 Case2, if the SCell is known, Tactivation_time is TSMTC_MAX + Trs + 5ms, if the SCell measurement cycle is larger than 160ms. Large measurement cycle is possible configuration for UE power saving. If the Scell activation delay were reduced for such configuration, the feature would be useful in field deployment. 
The components of Scell activation delay includes the following:
· 3ms: MAC CE command application and RF warmup/retuning
· TSMTC_MAX:
· in case of intra-band SCell activation, TSMTC_MAX is the longer SMTC periodicity between active serving cells and SCell being activated provided the cell specific reference signals from the active serving cells and the SCells being activated or released are available in the same slot; 
· in case of inter-band SCell activation, TSMTC_MAX is the SMTC periodicity of SCell being activated.
· Trs is the SMTC periodicity of the SCell being activated if the UE has been provided with an SMTC configuration for the SCell in SCell addition message, otherwise Trs is the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing. If the UE is not provided SMTC configuration or measurement object on this frequency, the requirement which involves Trs is applied with Trs = 5ms assuming the SSB transmission periodicity is 5ms. There is no requirements if the SSB transmission periodicity is not 5ms
· 2ms: SSB processing
The key difference between FR1 case2 and FR1 case1 is that UE needs one more SMTC window for AGC. Assuming SMTC periodicity is 20ms for both active Scell and activated cells, Tactivation_time could be as large as 45ms. If on demand RS could be triggered for AGC and QCL-A, Tactivation_time could be largely reduced to 7~8ms:
· 3ms: MAC CE command application and RF warmup/retuning
· 1~2ms: RS reception (e.g., 2 slot TRS with 30kHz numerology) and AGC processing;
· 1ms: RS reception (e.g., 2 slot TRS with 30kHz numerology) for QCL-A parameters and fine-tune timing;
· 2ms: RS processing; 
Observation 2: For FR1 case2, by enabling a multi-shot RS during Scell activation, Tactivation_time could be reduced from 45ms to as small as 7~8ms.
2.1.3. FR2 Case2
For FR2 case2, if the SCell being activated belongs to FR2, and if there is no active serving cell on that FR2 band provided that PCell or PSCell is FR1:
If the target SCell is known to UE and semi-persistent CSI-RS is used for CSI reporting, then Tactivation_time is:
-	TFineTiming + 5ms, if UE receives the SCell activation command, semi-persistent CSI-RS activation command and TCI state activation command at the same time.
-	max (3ms, Tuncertainty) + THARQ +TFineTiming + 5ms, if UE receives TCI state activation command after SCell activation command.
If the target SCell is known to UE and periodic CSI-RS is used for CSI reporting, then Tactivation_time is:
-	max(Tuncertainty_MAC + 5ms + TFineTiming, Tuncertainty_RRC + TRRC_delay)
One of the key component to reduce Tactivation_time is to reduce the value of TFineTiming, which is defined as the time period between UE finish processing the last activation command for PDCCH TCI, PDSCH TCI (when applicable) and semi-persistent CSI-RS (when applicable) and the timing of the first complete available SSB corresponding to the TCI state. The UE may still need to wait for the first complete available SSB before reception of the CSI-RS for CSI. If aperiodic CSI-RS is used, then the UE does not need to wait for the SSB. For example for the case when UE receives the SCell activation command, semi-persistent CSI-RS activation command and TCI state activation command at the same time, the original time duration is TFineTiming + 5ms which could be as large as 25ms. With on-demand RS, such delay could be reduced to as small as 6ms:
· 3ms: MAC CE command application and RF warmup/retuning
· Less than 1ms: RS reception (e.g., 2 slot TRS with 60/120kHz numerology)
· 2ms: RS processing
Observation 3: For FR2 case2, by enabling a one-shot RS during Scell activation, Tactivation_time could be reduced from 25ms to less than 6ms under conditions.
2.2. Details of temporary RS triggering
Based on the above analysis, the Scell activation delay could be largely reduced with one-shot RS and multi-shot RS enabled during Scell activation procedure. However, the current RS triggering procedure is not suitable for such purposes.
· Periodic TRS configured on the Scell:
· With such configuration, the delay of Scell activation could be reduced only when the periodicity of the TRS is very small. Such a kind of configuration would cause large overhead for Scell and later on, the network would need another RRC signaling to turn the TRS off.
· Semi-persistent CSI-RS on the Scell: 
· Semi-persistent TRS is not supported in Rel-15;
· Semi-persistent CSI-RS could not provide any QCL-A parameters for the CSI-RS for CSI. Without QCL-A parameters, the CSI-RS for CSI cannot provide a valid CSI report for Scell activation;
· Aperiodic CSI-RS on the Scell:
· Aperiodic CSI-RS has similar limitations as semi-persistent CSI-RS on Scell;
· Aperiodic TRS on the Scell:
· Standalone aperiodic TRS is not supported in Rel-15. It must be QCL type-A with another periodic TRS on the same Scell, which would then require another periodic TRS for Scell activation;
· Aperiodic TRS suffers from following triggering restrictions:
· During Scell activation, the 3ms period for UE to apply MAC CE command and RF retuning is not suitable for DCI triggering, since there might be interruption during this period. If UE miss the DCI, there would be misalignment on the status of the Scell activation. Currently, “aperiodicTriggeringOffset” between the triggering DCI and the RS only supports 0 slots, 1 slot, 2 slots, 3 slots, 4 slots, 16 slots and 24 slots; In FR2, 24 slots is not enough for triggering offset larger than 3ms. Other values larger than 3ms need to be supported.
· Moreover, in Rel-15, for FR1, such RS is always in the same slot as the triggering DCI. This is also problematic for Scell activation.
· [bookmark: _GoBack]In addition, aperiodic TRS suffers from restrictions that the PUSCH triggered with same UL grant should be later than the A-TRS
· This restriction should be removed since the PUSCH could be viewed as a kind of feedback for correct detection of the DCI triggering the RS; 
· There is only one shot of TRS with one DCI:
· As discussed above, multi-shot TRS is needed for FR1 case2.

Based on above analysis, one of the following options should be supported:
· Option1: Support the following aperiodic TRS triggering mechanism:
· Support standalone A-TRS which is not QCL-A with another periodic TRS;
· Support more flexible “aperiodicTriggeringOffset” between the triggering DCI and the RS;
· Support A-TRS transmission after the PUSCH triggered in the same UL grant;
· Option 2: Support MAC CE triggering multiple TRS:
· In the triggering MAC CE, support MAC CE to indicate the exact timing of each TRS;
· Send LS to RAN2 to specify such MAC CE;

Proposal 1: Support one of the following two options for fast Scell activation:
· Option1: Support the following aperiodic TRS triggering mechanism:
· Support standalone A-TRS which is not QCL-A with another periodic TRS on the same Scell;
· Support more flexible “aperiodicTriggeringOffset” between the triggering DCI and the RS;
· Support A-TRS transmission after the PUSCH triggered in the same UL grant;
· Option 2: Support MAC CE triggering multiple TRS:
· In the triggering MAC CE, support to indicate the exact timing of each TRS, which is not QCL-A with another periodic TRS on the same Scell;
· Send LS to RAN2 to specify such MAC CE;

Moreover, UE is not expected to measure the aperiodic CSI-RS on in-active BWP in Rel-15. The UE behavior should be clarified that during the Scell activation procedure, UE could measure RS in the  BWP configured by “firstActiveDownlinkBWP-Id” when triggered, although the BWP is inactive during Scell activation procedure.
Proposal 2: During Scell activation procedure, UE can measure the triggered RS on the BWP identified by “firstActiveDownlinkBWP-Id”. 
3. Dormancy like behavior for activated Scell(s)
During RAN1#98 and the email discussion afterwards, the followings have been agreed for dormancy like behavior for activated Scells(s). 
	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

Conclusion from RAN1 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 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 1a 
1. Introduce new RRC signalling to create a mapping of Scell/Scell group(s) to the indication field (x-bit) in the new 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 BWPs
i.      Alt1: DCI indicates whether to monitor/not monitor PDCCH on the 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 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 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 is starting point
ii.      FFS: if RF switching is applied for inter-band CA, and impact on application delay 
iii.      FFS 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 
1. BWP switching delay is starting point
ii.      FFS: if RF switching is applied for inter-band CA, and impact on application delay

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 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 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




The above options can be categorized to the following 
· Category 1: Dedicated DCI based Scell dormancy indication
· Category 2: Bundled dormancy behavior across serving cells
· Category 3: Cross-carrier scheduling based dormancy indication
In category 1, a dedicated DCI transmitted from serving cell x is used to indicate the dormancy/non-dormancy transition on serving cell y. The dedicated DCI is used for indication of dormancy behavior only and not used for scheduling purpose. Either per cell indication (option 1) or per cell group indication (option 1a) can be considered, where the linkage between DCI indication bit and Scell(s) can be configured by RRC. For an Scell, the signaling delay for transition from dormancy to non-dormancy behavior depends on the configured monitoring periodicity for the dedicated DCI format, e.g. on the Pcell.
In category 2, there is no additional L1 signaling introduced; instead, the existing BWP indicator is used to indicate the dormancy behavior on Scell (s). The BWP indicator for serving cell x is used as dormancy indication for serving cell y. Such cross-carrier indication is achieved by bundling of BWPs across different serving cells, for example, the dormant BWP (with sparse/no PDCCH monitoring) is used on a Scell when the default BWP is used on the Pcell. Option 2 is under category 2. For an Scell, the signaling delay for transition from dormancy to non-dormancy behavior depends on the configured monitoring periodicity for the scheduling DCI, e.g. on the Pcell.
In category 3, there is no additional L1 signaling introduced either. Instead, the existing cross-carrier scheduling and BWP indicator are used to indicate the dormancy behavior on Scell (s). There is a restriction in Rel-15 cross-carrier scheduling that the PDCCH monitoring periodicity and offset for cross-scheduled Scell shall follow the monitoring parameters for Pcell, which essentially means that the monitoring periodicity for Scell cannot be sparser than Pcell, making dormancy behavior impossible. The solution could allow independent monitoring periodicity configuration between the scheduling cell and scheduled cell in cases of cross-carrier scheduling. With this enhancement, option 3a does not require any other signaling change in addition. On the other hand, option 3 requires additional specification to enable per-BWP configuration of cross-carrier/same-carrier such that network can use cross-carrier scheduling when dormant BWP is used on Scell, and use same-carrier scheduling when non-dormant BWP is used on Scell. The potential benefit of doing so is to offload the scheduling PDCCH to Scell as much as possible during non-dormant BWP. In both option 3 and 3a, the signaling delay for transition from dormancy to non-dormancy behavior depends on the configured monitoring periodicity for the cross-scheduled Scell. 
During RAN#85, the combination of dormancy behavior and power saving signal in case of carrier aggregation was discussed [3], and it was agreed to task RAN1 to perform further study the additional UE behavior when both features are configured to the UE. 
	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


Considering that both dormancy and power saving signal are designed for power saving purpose, it is likely that both features can be configured to a UE activated with Scell(s) to achieve more power saving benefit, therefore a proper joint design should be considered. In the power saving signal design (UE power saving work item), UE will monitor a dedicated DCI format (WUS) before the DRX onduration and if detected, UE monitors the PDCCH in the coming DRX onduration and start the onduration timer; otherwise, UE does not monitor and does not start the timer. In case of CA, although the DRX timer is running per MAC entity (i.e. across a group of serving cells),  it will be highly beneficial that UE can be indicated to perform multiple monitoring behaviors on respective Scell (s) during DRX active time. It would also be beneficial that such indication can be applicable to both power saving signal (before DRX active time) and dormancy indication (during DRX active time). This allows the sufficient gNB scheduling flexibility, i.e. gNB can use power saving signal to indicate the dormancy behavior per Scell(s) if the decision can be made before the DRX active time; otherwise, gNB can choose to wake up all the Scell(s) and indicate the dormancy behavior afterwards during the DRX active time. 
If such a design goal were considered, it would be beneficial that common signaling design can be achieved as much as possible for dormancy behavior indication before and during DRX active time. As one example, during DRX active time, there can be a dedicated DCI format to indicate the dormancy behavior by using a bitmap to indicate dormancy/non-dormancy behavior for each Scell/Scell group. Before DRX active time, the similar bitmap indication can be signaled by power saving signal to indicate the UE monitoring behavior (i.e. dormancy, non-dormancy) for each Scell/Scell group in the coming DRX active time. Additional 1bit in the power saving signal would also be necessary to indicate whether any PDCCH monitoring is required in the coming DRX active time, as well as the start of DRX onduration timer. 
Therefore, we propose
Proposal 3: 
· For L1 based dormancy behavior, option 1, i.e. dedicated DCI is used to indicate the transition between dormancy and non-dormancy behavior for each Scell/Scell group. 
· 1bit per Scell/Scell group is used to indicate the dormancy or non-dormancy behavior 
· When DRX is configured, the dedicated DCI is monitored during DRX active time
Proposal 4:  
· The indication of dormancy/non-dormancy behavior for each Scell/Scell group can be included in the power saving signal (i.e. WUS PDCCH) which triggers the UE monitoring behavior for each Scell/Scell group if the UE is required to wake up to monitor PDCCH in the coming DRX active time
·  Additional 1 bits in power saving signal is used to trigger the UE wake up, i.e. whether to monitor PDCCH for a MAC entity (which include both Pcell and Scell(s)) in the coming DRX active time 
4. Conclusion
In this contribution, we discuss the potential enhancements to support more efficient Scell activation and have following proposals: 
Regarding fast Scell activation
Observation 1: For both FR1 case1 and FR2 case 1, by enabling a one-shot RS during Scell activation, Tactivation_time could be reduced from 25ms to as small as 6ms.
Observation 2: For FR1 case2, by enabling a multi-shot RS during Scell activation, Tactivation_time could be reduced from 45ms to as small as 7~8ms.
Observation 3: For FR2 case2, by enabling a one-shot RS during Scell activation, Tactivation_time could be reduced from 25ms to less than 6ms under conditions.
Proposal 1: Support one of the following two options for fast Scell activation:
· Option1: Support the following aperiodic TRS triggering mechanism:
· Support standalone A-TRS which is not QCL-A with another periodic TRS on the same Scell;
· Support more flexible “aperiodicTriggeringOffset” between the triggering DCI and the RS;
· Support A-TRS transmission after the PUSCH triggered in the same UL grant;
· Option 2: Support MAC CE triggering multiple TRS:
· In the triggering MAC CE, support to indicate the exact timing of each TRS, which is not QCL-A with another periodic TRS on the same Scell;
· Send LS to RAN2 to specify such MAC CE;
Proposal 2: During Scell activation procedure, UE can measure the triggered RS on the BWP identified by “firstActiveDownlinkBWP-Id”. 

Regarding Scell dormancy
Proposal 3: 
· For L1 based dormancy behavior, option 1, i.e. dedicated DCI is used to indicate the transition between dormancy and non-dormancy behavior for each Scell/Scell group. 
· 1bit per Scell/Scell group is used to indicate the dormancy or non-dormancy behavior 
· When DRX is configured, the dedicated DCI is monitored during DRX active time
Proposal 4:  
· The indication of dormancy/non-dormancy behavior for each Scell/Scell group can be included in the power saving signal (i.e. WUS PDCCH) which triggers the UE monitoring behavior for each Scell/Scell group if the UE is required to wake up to monitor PDCCH in the coming DRX active time
·  Additional 1 bits in power saving signal is used to trigger the UE wake up, i.e. whether to monitor PDCCH for a MAC entity (which include both Pcell and Scell(s)) in the coming DRX active time 
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6. Annex 
	8.3.2	SCell Activation Delay Requirement for Deactivated SCell
The requirements in this section shall apply for the UE configured with one downlink SCell in EN-DC, or in standalone NR carrier aggregation or in NE-DC or in NR-DC and when one SCell is being activated.
The delay within which the UE shall be able to activate the deactivated SCell depends upon the specified conditions.
Upon receiving SCell activation command in slot n, the UE shall be capable to transmit valid CSI report and apply actions related to the activation command for the SCell being activated no later than in slot  , where:
THARQ (in ms) is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3]
Tactivation_time is the SCell activation delay in millisecond. 
If the SCell is known and belongs to FR1, Tactivation_time is:
-	TFirstSSB+ 5ms, if the SCell measurement cycle is equal to or smaller than 160ms.
-	TSMTC_MAX + Trs + 5ms, if the SCell measurement cycle is larger than 160ms.
If the SCell is unknown and belongs to FR1, Tactivation_time is:
-	2*TSMTC_MAX + 2*Trs + 5ms provided the SCell can be successfully detected on the first attempt.
If the SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band, then Tactivation_time is TFirstSSB+ 5ms provided:
-	The UE is provided with SMTC for the target SCell, and  
-	The SSBs in the serving cell(s) and the SSBs in the SCell fulfil the condition defined in clause 3.6.3.
If the SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band, if the UE is not provided with any SMTC for the target SCell, Tactivation_time is 3 ms.
If the SCell being activated belongs to FR2 and if there is no active serving cell on that FR2 band provided that PCell or PSCell is FR1:
If the target SCell is known to UE and semi-persistent CSI-RS is used for CSI reporting, then Tactivation_time is:
-	TFineTiming + 5ms, if UE receives the SCell activation command, semi-persistent CSI-RS activation command and TCI state activation command at the same time.
-	max (3ms, Tuncertainty) + THARQ +TFineTiming + 5ms, if UE receives TCI state activation command after SCell activation command.
If the target SCell is known to UE and periodic CSI-RS is used for CSI reporting, then Tactivation_time is:
-	max(Tuncertainty_MAC + 5ms + TFineTiming, Tuncertainty_RRC + TRRC_delay)
If the target SCell is unknown to UE and semi-persistent CSI-RS is used for CSI reporting, then Tactivation_time is:
8ms+24*Trs  + Tuncertainty_MAC + TL1-RSRP, measure + TL1-RSRP, report  + THARQ + TFineTiming 
If the target SCell is unknown to UE and periodic CSI-RS is used for CSI reporting, then Tactivation_time is: 
-	3ms + 24*Trs + TL1-RSRP, measure + TL1-RSRP, report + max ((THARQ + Tuncertainty_MAC + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)).
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