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Introduction
In RAN1#98, the SCell dormancy was considered feasible for CA/DC [2] with the following mechanism
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 

There were six different alternatives discussed on email after RAN1#98 with the following agreements,
Agreements:
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
1. Introduce dedicated DCI on Pcell (or cell x) for transitioning between ‘dormancy-like’ and ‘non dormancy-like’ behavior on activated Scell(s) (or Scell(s) other than cell x)
1. 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
a. 
b. 
c. 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)
a. 
b. 
c. 
d. 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
1. 
1. 
1. 
1. 
1. 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

i. 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
ii. Alt 2: DCI CRC scrambled by another RNTI (i.e., similar to SPS PDCCH release)
iii. Other alternatives not precluded (e.g. monitored in CSS with size similar to DCI 2-x)
1. 
1. 
1. 
1. 
1. 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 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)
ii. 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 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
1. 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
1. 
1. 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
o   Option 1a 
a.     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
b.       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
c.        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) 
a. 
b. 
c. 
d. 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
e.        DCI details FFS
f.        Application delay 
i. BWP switching delay is starting point
ii. if RF switching is applied for inter-band CA, and impact on application delay
1. FFS between below alternatives 
i. Alt1: The new DCI is dedicated DCI and is not expected to be used for data scheduling 
ii. Alt2: The new DCI is included along with scheduling DCI (i.e., enhanced field in scheduling DCI)
h.       FFS: If ACK should be transmitted in response to receiving the DCI (e.g. like SPS release PDCCH) 

o    Option 3a
a.        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 
b.       Use per serving cell configuration of cross-carrier vs. self scheduling as in Rel-15
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
c.        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

o    Option 3b
a.        Configure CIF to be present in DCI format in Pcell search-space even if cross-carrier scheduling is not configured
i. Details FFS
b.       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

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 UE dormancy behavior was studied with L1 based mechanism to reduce the UE power consumption U

· Clarification of RAN1 scope for combining dormancy and power saving signals was endorsed in [5] 
· RANP tasks RAN2 to define dormancy behavior under MR-DC/CA WI 
· 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. 
· 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.  
· RAN1 chair will treat this together with dormancy discussion under MR-DC/CA WI
· 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.   
· MR-DC/CA and Power Saving WID will not be updated



This paper discusses the L1-based mechanism for triggering UE dormancy behavior in support of UE power saving.


Triggering of Dormancy Behavior

The dormancy behavior is for the UE power saving purpose by stop PDCCH monitoring but continuing other background activities, such as AGC, channel tracking and CSI/beam measurement.   The dormancy behavior would allow the UE to go to sleep during the slots when UE is not performing the background activities.   The amount of the UE power saving is not significant with the introduction of the dormancy behavior.  During the UE power saving study in Rel-16 [4], the UE would have more power saving gain when the PDCCH-based power saving signal/channel is used to trigger UE adaptation to the SCell operation outside and inside Active Time, which UE stays in the sleep state if SCell is not used for data transfer.    For outside Active Time, the new DCI format of the power saving signal/channel at the PCell could include the information to trigger the UE getting in or out of the dormancy-like behavior for a given SCell or SCell group before the beginning the DRX ON.   The control of the dormancy behavior needs to inter-work with the DRX.   UE would be triggered to get in or out of the dormancy behavior when DRX is configured.   The power saving signal/channel is used to wake up UE at the offset before the DRX ON duration when DRX is configured.    The power saving signal/channel could be used to trigger the UE getting in and out of dormancy behavior of the SCell in the same time.  

Proposal 1:  Outside Active Time, the new DCI format of the PDCCH-based power saving signal/channel at the PCell include the control information in triggering  the UE in or out of the dormancy behavior for the activated SCells at the start of the DRX.  

For UE power saving in the Active Time, the PDCCH-based power saving signal/channel is the enhancement of existing scheduling DCI formats 0_1 and 1_1 with addition field or repurpose existing field for the indication of UE adaptation to the power saving technique.  UE monitors the scheduling DCI with additional power saving information field in triggering UE adaptation to the power saving technique, such as cross-slot scheduling.    Three main options of L1 based mechanism were discussed during the email discussion after RAN1#98.   
· Option 1 and 1a:  The new DCI format is the scheduling DCI format with an additional field to indicate the transition between “dormancy-like” behavior and “active” behavior.    This is consistent with one of the design alternative of the PDCCH-based power saving signal/channel inside Active Time.  
· Option 2:  The BWP indicator is repurposed to include the SCell(s) transition in and out of dormancy behavior.  The L1 signaling would not only be used for the indication of  BWP switching but also the transition of SCell between dormancy-like and active behavior.   
· Option 3, 3a, and 3b:  The combined CIF/BWP field are repurposed to include the cross-carrier indication of  of SCell or SCell group transition between dormancy-like and active behavior.   
Options 1 and 1a provide the full flexibility of triggering UE transition between “dormancy-like” and “non dormancy-like” behavior by new DCI format.   New DCI format could be optimized for triggering UE dormancy.   However, the new DCI format might increase the DCI size budget and number of blind decoding.   In UE power saving feature in [3], the principles of power saving signal/channel design are no increase of DCI size budget and blind decoding limit/non-overlapped CCE limit.   Option 1 is designed as a separate DCI to be monitored along with other scheduling DCI, which will increase the DCI size budget and the number of blind decoding.   Option 1 will increase the UE complexity dramatically.  
Alternatively, option 1a would have new DCI format outside Active Time and enhancement of existing scheduling DCI (e.g., DCI format 1_1 and 0_1) inside Active Time to include the indication of transition in and out from dormancy-like behavior for a given SCell and SCell group.   UE would only monitor scheduling DCI with additional field of UE dormancy indication.   The DCI size budget would not change.   The number of blind decoding would remain the same.   
Option 2 repurposes the BWP field with joint coding of additional UE dormancy indication and interpretation of the BWP switching among PCell and SCell(s).  The joint coding poses strong limitation on the functional independence of UE dormancy indication and BWP switching.     The network is forced to consider a specific BWP and dormancy-behavior in combination for a given SCell.   This would restrict the freedom of BWP switching as well as dormancy indication. 
Option 3, 3a and 3b repurpose the CIF/BWP fields in combination for dormancy indication.  The CIF is used for the indication of the selected SCell(s) and the BWP indication is used in the dormancy indication of the selected SCell(s).   Option 3, 3a and 3b would have limitation not to have cross carrier scheduling along with SCell dormancy indication and ONLY one selected SCell(s) for the indication of transition in and out of SCell dormancy at a time.   

Proposal 2:  Option 1a should be used as the L1 based mechanism for the indication of SCell transition between “dormancy-like” and “non dormancy-like” behavior.  
Proposal 3:  Enhancement of DCI formats 1_1 and 0_1 with additional field in support of SCell dormancy indication.  The number of bits to be configured for SCell dormancy indication depends on the number of activated SCells.


Conclusion 

In this contribution, the triggering of SCell dormancy behavior is discussed and analyzed.  We have the following proposals, 
· Proposal 1:  Outside Active Time, the new DCI format of the PDCCH-based power saving signal/channel at the PCell include the control information in triggering  the UE in or out of the dormancy behavior for the activated SCells at the start of the DRX.  
· Proposal 2:  Option 1a should be used as the L1 based mechanism for the indication of SCell transition between “dormancy-like” and “non dormancy-like” behavior.  
· Proposal 3:  Enhancement of DCI formats 1_1 and 0_1 with additional field in support of SCell dormancy indication.  The number of bits to be configured for SCell dormancy indication depends on the number of activated SCells.
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