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Introduction
[bookmark: _Ref178064866]In this document, we discuss remaining details of the L1 based signalling for transitioning between dormancy and non-dormancy behaviour for activated SCells.
Discussion
Dormant BWP 
It was agreed in RAN1#98bis that switching to/from a dormant BWP will be used as a mechanism of transitioning to/from dormancy for activated SCells. 
Also, in RAN2#107bis it was agreed to “introduce ‘dormancy’ behaviour for NR SCell, i.e. the UE stops monitoring PDCCH on SCell but continue performing CSI measurements, AGC and beam management, if configured ”
Considering both the above agreements, the UE should not perform PDCCH monitoring when switching to dormant BWP. 
Observation 1
· According to current RAN2 agreements, UE should stop PDCCH monitoring when switched to dormant BWP on an Scell
In Rel-15, two options for configuring BWP#0 were specified (i.e., Option 1 and Option 2 described in Annex B.2 of 38.331). 



Figure 1-1 Dormant BWP with ‘BWP#0 configuration without dedicated configuration 
(Option 1)’




Figure 1-2 Dormant BWP with ‘BWP#0 configuration with dedicated configuration (Option 2)’
As shown in Figure 1-1 above, with Option 1, BWP#0 cannot be configured as dormant BWP since parameters within ServingCellConfigCommon cannot be modified on a UE specific basis. Then for this case, the UE needs to be configured with at least two BWPs in addition to BWP#0 for supporting dormancy on the Scell (e.g. one of BWP X or Y in Figure 1-1 should be configured as dormant BWP).
As shown in Figure 1-2 above, with Option 2, it may be possible to configure BWP#0 as dormant BWP provided UE is also configured with at least one additional BWP (BWP X) which is not a dormant BWP. However, in this case the initial BWP (i.e., BWP#0) which is usually the default BWP will not have PDCCH monitoring.
Considering above aspects, BWP#0 is generally not suitable to be set as dormant BWP. 
We propose following for dormant BWP definition.
Proposal 1
· The dormant BWP is not configured with PDCCH monitoring (e.g. the IE pdcch-Config is absent in the BWP configuration)
· The dormant BWP is configured only when UE is configured with at least one other UE-specific RRC configured BWP (i.e., a ‘regular BWP’)
· UE determines via RRC configuration, which DL BWP among the UE-specific RRC configured BWPs is the dormant BWP. 

Regarding identification of dormant BWP among the RRC configured BWPs, the most straightforward option would be to configure the dormant BWP ID explicitly via RRC (i.e., adding a new field dormantBWP-Id as part of ServingCellConfig). 
Proposal 2
· Dormant BWP ID is explicitly configured via RRC as part of ServingCellConfig
When dormant BWP is configured for an Scell, in most cases it increases the DCI payload size for the Scell by 1 additional bit for the “Bandwidth part indicator” field. For example, assuming Option 2 BWP#0 configuration, without a dormant BWP, it is possible to operate an Scell with 0 bit BWP indicator field, but configuring a dormant BWP would require a 1 bit field. Similarly, with Option 1 BWP#0 configuration, the 1 bit field needs to be increased to two bits in many cases. 
Also, using the Scell PDCCH DCI for switching to dormant BWP, would imply that the corresponding scheduled PDSCH has to be considered as a null resource to avoid unnecessary uplink transmission from the UE (HARQ feedback, etc) – this is mainly since that PDSCH cannot be retransmitted in case of HARQ retransmissions. In essence, if Scell PDCCH DCI is used for switching from a regular to dormant BWP the last scheduled PDSCH is impacted. Also given no (subsequent) data scheduling is possible in a dormant BWP, it is unnecessary to require UE to decode PDSCH in a dormant BWP and provide valid HARQ feedback.
Considering the above, using Pcell indication for switching between regular and dormant BWP is generally preferable and the additional bit in the Scell DCI is unnecessary. Also, in case dormant BWP is also configured to be same as default BWP, the BWP inactivity timer provides one more option to switch to dormant BWP, making the extra Scell DCI bit even more redundant.

This extra overhead can be avoided by not counting the dormant BWP as part of the number of BWPs () configured by higher layers while determining DCI payload of the Scells. 
Proposal 3
· When an Scell is configured with a dormant BWP, the dormant BWP is not counted when determining the size of BWP indicator field for the Scell DCI. 
[bookmark: _GoBack]
Dormancy and SRS transmissions

When dormancy is indicated for an Scell, in addition to stopping PDCCH monitoring, the UE should also stop periodic SRS transmissions on the Scell (if configured). 
To specify this, one option is to create the notion of an UL dormant BWP (configured without periodic SRS transmission), and a DL dormant BWP (configured without PDCCH monitoring) and assume that UE switches to the UL dormant BWP on the Scell along with the DL dormant BWP when the Pcell indicates transition to dormancy. 
Another more straightforward option is to directly specify that UE does not perform periodic SRS transmissions on an Scell when Pcell indicates transition to dormancy for that Scell. i.e., only configure a DL dormant BWP for the Scell and specify that SRS transmissions (at least periodic SRS transmissions) are stopped when switch to the DL dormant BWP is indicated. We prefer this option.
Proposal 4
· When transition to dormant BWP is indicated for an Scell, UE stops transmitting periodic SRS on the Scell. 
· No separate UL dormant BWP configuration is introduced.

L1 indication for dormancy
In RAN1#98bis, it was agreed that transitions to/from dormancy of Scells are indicated via an explicit information field in Pcell PDCCH DCI formats 0-1, 1-1.  From the perspective of whether the Pcell PDCCH DCI format with dormancy indication can also be used for scheduling data on the Pcell, the following working assumption was made in email discussion [98b-NR-24] .
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
To indicate differentiation between Case 1 and Case 2 above, two approaches were discussed in RAN1#98bis. One is to introduce an explicit differentiation bit in the DCI and other is to use a reserved combination of DCI fields for the indication. Our preference is to rely on FDRA bits set to all 1s (or all 0s if only type 2 RA is used for the UE) as an implicit indication for the differentiation as this avoids the need for defining an additional bitfield.
Proposal 5
· For the purpose of dormancy indication, Case 2 (i.e., Scell dormancy indication without Pcell data scheduling) is assumed if
· FDRA field in PDCCH DCI format 0-1,1-1 is set to all 1s (when type 1 RA is used for UE)
· FDRA field in PDCCH DCI format 0-1,1-1 is set to all 0s (when only type 2 RA is used for UE)
Then regarding details of the explicit indication, for Case 1 the agreed definition of explicit indication field for outside active time indication can also be reused for inside active time. The possibility of having a separate design for inside active time was discussed in the email discussion but in our view the additional benefit of defining one more indication mechanism is not clear especially considering similar RRC overhead.
Proposal 6
· For the purpose of Scell dormancy indication for Case 1 (i.e., Scell dormancy indication with Pcell data scheduling)
· The explicit information field in DCI format 0-1, 1-1 used for dormancy indication is a bitmap with up to 5 bits appended to scheduling DCI, and 1 bit per group of configured Scells 
· Each Scell group can have one/multiple Scells and up to 5 Scell groups can be configured via RRC. 
For Case 2, as we discussed in our earlier contributions (e.g. [1]), it is preferable to have an approach that has same level of flexibility as CA activation/deactivation MAC/CE to efficiently indicate dormancy for various CA configurations including inter-band CA (with multiple frequency bands), intra-band CA and FR1-FR2 CA. Also as discussed in the email discussion, if DCI formats 0-1, 1-1 are not used for data scheduling, there are several DCI fields which are unnecessary (MCS, NDI, RV, HARQ process number, Antenna ports indication etc.), and Scell dormancy can be indicated on a 1 bit per configured Scell basis without impacting DCI size. 
Proposal 7
· For the purpose of Scell dormancy indication for Case 2 (i.e., Scell dormancy indication without Pcell data scheduling), 
· The explicit information field in DCI format 0-1, 1-1 used for dormancy indication is a bitmap with 1 bit per configured Scell 
· At least the fields associated with PDSCH, PUSCH data scheduling (e.g. MCS, NDI, RV, HARQ process number, Antenna ports indication) are not present when DCI formats 0-1, 1-1 are used for Case 2 dormancy indication.

Dormancy and Cross-carrier scheduling
When an Scell is configured for cross-carrier scheduling (CCS), the PDCCH monitoring for that Scell is done on another cell (i.e., the scheduling cell). The agreed framework for dormancy indication (i.e., switching to/from a dormant BWP) can be directly applied also for an Scell that is cross-carrier scheduled, if the Scell is configured with a dormant BWP.
Observation 2
· The agreed framework for dormancy indication (i.e., switching to/from a dormant BWP) can be directly applied also for an Scell that is cross-carrier scheduled, if the Scell is configured with a dormant BWP.

Application delay for dormancy
As discussed in [1], beam management and related TCI state handling (e.g. for FR2) are expected to be ongoing on the Scell, regardless of whether dormancy or non-dormancy behavior is indicated for the Scell. So, these aspects need not be considered for the application delay. Whether additional relaxation is needed to help the UE hardware transition from relatively low power state with dormancy (where it does not expect to receive PDCCH on activated Scell) to non-dormancy (where PDCCH reception is expected) can be discussed in RAN4. Such additional relaxation can be similar to application delay between cross-slot and same-slot scheduling being discussed in the UE power savings WI.
According to RAN1#98bis agreements, transition to/from dormancy on a Scell is same as transitioning to/from dormant BWP on the Scell. Given this, at least from RAN1 perspective the application delay for dormancy can assumed to be same as the BWP switching delay. This assumption can be updated later if RAN4 agrees on a different switching delay for transition from dormant BWP to non-dormant BWP (i.e., as per RAN4 input in [2]).
Observation 3
· From RAN1 perspective, it can be assumed that switching delay from a dormant BWP to a non-dormant BWP is specified by RAN4. Whether this delay is same or different from Rel-15 BWP switching delay will be decided by RAN4.

Conclusions
In this document we discuss remaining details of L1 signalling for Scell dormancy and make the following observations and proposals
Observation 1
· According to current RAN2 agreements, UE should stop PDCCH monitoring when switched to dormant BWP on an Scell.
Observation 2
· The agreed framework for dormancy indication (i.e., switching to/from a dormant BWP) can be directly applied also for an Scell that is cross-carrier scheduled, if the Scell is configured with a dormant BWP.
Observation 3
· From RAN1 perspective, it can be assumed that switching delay from a dormant BWP to a non-dormant BWP is specified by RAN4. Whether this delay is same or different from Rel-15 BWP switching delay will be decided by RAN4.
Proposal 1
· The dormant BWP is not configured with PDCCH monitoring (e.g. the IE pdcch-Config is absent in the BWP configuration)
· The dormant BWP is configured only when UE is configured with at least one other UE-specific RRC configured BWP (i.e., a ‘regular BWP’)
· UE determines via RRC configuration, which DL BWP among the UE-specific RRC configured BWPs is the dormant BWP. 
Proposal 2
· Dormant BWP ID is explicitly configured via RRC as part of ServingCellConfig.
Proposal 3
· When an Scell is configured with a dormant BWP, the dormant BWP is not counted when determining the size of BWP indicator field for the Scell DCI. 
Proposal 4
· When transition to dormant BWP is indicated for an Scell, UE stops transmitting periodic SRS on the Scell. 
· No separate UL dormant BWP configuration is introduced.
Proposal 5
· For the purpose of dormancy indication, Case 2 (i.e., Scell dormancy indication without Pcell data scheduling) is assumed if
· FDRA field in PDCCH DCI format 0-1,1-1 is set to all 1s (when type 1 RA is used for UE)
· FDRA field in PDCCH DCI format 0-1,1-1 is set to all 0s (when only type 2 RA is used for UE)
Proposal 6
· For the purpose of Scell dormancy indication for Case 1 (i.e., Scell dormancy indication with Pcell data scheduling)
· The explicit information field in DCI format 0-1, 1-1 used for dormancy indication is a bitmap with up to 5 bits appended to scheduling DCI, and 1 bit per group of configured Scells 
· Each Scell group can have one/multiple Scells and up to 5 Scell groups can be configured via RRC. 
Proposal 7
· For the purpose of Scell dormancy indication for Case 2 (i.e., Scell dormancy indication without Pcell data scheduling), 
· The explicit information field in DCI format 0-1, 1-1 used for dormancy indication is a bitmap with 1 bit per configured Scell 
· At least the fields associated with PDSCH, PUSCH data scheduling (e.g. MCS, NDI, RV, HARQ process number, Antenna ports indication) are not present when DCI formats 0-1, 1-1 are used for Case 2 dormancy indication.
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