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1 Introduction

RAN2 has already agreed to the below dormancy behaviour but decided on further input from RAN1 for further progress.

· Based on RAN1/RAN4 reply LS, 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. 

· RAN2 confirms that UE “dormancy” operation is part of SCell activated state (i.e. not as part of SCell deactivated state)

· Chair: R2 will need to wait for R1 progress

In this document, we intend to scope the definition of the NR SCell dormancy behaviour down further from practical standpoint in view of the remaining timelines for REL-16. We intend to do this with information that is available so far from RAN1, and by discussing aspects that are within RAN2 domain. 

2 Dormancy mode
2.1 UE actions in NR dormancy mode

The dormancy operation (even from LTE euCA) came about as a means to reduce the SCell activation delay. RAN2 agreed in RAN2-107 to evaluate the dormancy behaviour for NR by using the option of PDCCH skipping. 
Observation 1: The main reason that motivated the concept of dormancy operation of SCell: to avoid the long activation delay from deactivated to activated state transition in a power-saving manner at the UE

From the above stand-point, we can start deriving some basic expectations from the UE in dormancy mode. 
Observation 2: The UE should be able to provide some CSI to the NW on the SCell(s) in dormancy, so that the NW can schedule data when needed (by bringing out of dormancy). 

Observation 3: The UE should also maintain the SCell DL timing and AGC gains, to quickly come out of dormancy when needed. Uplink transmission (if possible on the SCell) is not essential in dormancy if seen from this perspective.

While it is possible to have uplink transmission in dormant SCell(s), this requires the network to prepare for reception. Even when the UE does not monitor PDCCH, there are still some potential UL transmissions that the UE can perform without the need for PDCCH, such as: periodical SRS, periodical CSI feedback, SR, PUCCH, configured grant transmissions (both type-1/type-2). Since these transmissions are not essential to the network while the SCell is in dormancy, rather than handling each of these cases, we would simply propose that the UE does not perform any uplink transmission in dormancy.

Proposal 1: If the SCell has UL configured, the UE does not transmit anything in the UL on that SCell when in dormancy state. 
2.1.1 Beam related actions and BFR
	· Based on RAN1/RAN4 reply LS, 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. 

· RAN2 confirms that UE “dormancy” operation is part of SCell activated state (i.e. not as part of SCell deactivated state)


Based on the above RAN2-107bis agreement, the UE continues to perform beam related activities (if configured). But we have to make sure the definition of beam management is not ambiguous.

Observation 4: While the UE can be configured with beam related RS, for the UE to actually perform beam measurements for BFR, the UE requires PDCCH (which the UE does not monitor in dormancy). So the UE does not do beam measurements for BFR purposes. But the UE can still be configured to report L1-RSRP on RS meant for beam management (using CSI-MeasConfig) and the UE reports back the CSI in this state.

Proposal 2: BF detection is not supported for SCells in dormancy
2.2 Modelling the NR dormancy as behaviour vs configuration
Based on some agreements made by RAN1 on dormancy (see Appendix), there is indication that the dormancy is modelled as a configuration where this configuration is captured as a BWP (dormant BWP).
The other way to view dormancy is to model it as UE behaviour (for eg., as we captured in proposals 1,2).

Observation 5: Modelling dormancy as a (BWP) configuration results in reflecting the dormancy through explicit BWP configuration, which is limited only to that BWP, and other BWPs that do no overlap with this BWP, cannot be in dormancy.

Observation 6: On the other hand, modelling dormancy as UE behaviour decouples this from the BWP which it is operating in. The advantage of modelling the dormancy as behaviour is that it does not tie the dormancy to a particular BWP, but rather, it’s modelled as UE actions irrespective of the BWP the UE is in. 

We are not sure on the advantage of modelling this as BWP configuration (which creates additional restriction on the NW to ensure that the dormany BWP is configured properly), while capturing the dormancy as UE behaviour doesn’t require this!
Proposal 3: Dormancy actions of the UE are captured as UE behaviour and not as BWP configuration.

3 Additional aspects

3.1 NR dormancy for PUCCH SCell
While no UL transmission implies no activities related to PUCCH/SR, we want to assess the practical use case of having an SCell with PUCCH to be put into dormancy. PUCCH SCell is intended to carry UL feedback of not only itself but also for the group of serving cells which use this PUCCH. If this SCell itself is put under dormancy, then the UL CSI cannot be sent for any of the other serving cell in this PUCCH group. For this reason, we would like to confirm in RAN2 (similar to LTE euCA) the below:

Proposal 4: SCell dormancy is not applicable to the PUCCH SCell. 

3.2 NR dormancy and cross-carrier scheduling
Since the UE does not monitor the PDCCH for the SCell in dormancy, the SCells which are already cross-carrier scheduled, and dormancy for such SCells implies that the UE now has to perform an additional task of selectively skipping certain searchspaces/CORESETs in the scheduling serving cell, depending on whether the scheduled SCell is in dormancy or not. 
This is an additional verification effort at the UE, and also not essential for this release. Hence, we propose :

Proposal 5: RAN2 to discuss if SCell dormancy is applicable to the serving cells which are scheduled by another serving cell using cross-carrier scheduling

4 Conclusion

Observation 1: The main reason that motivated the concept of dormancy operation of SCell: to avoid the long activation delay from deactivated to activated state transition in a power-saving manner at the UE

Observation 2: The UE should be able to provide some CSI to the NW on the SCell(s) in dormancy, so that the NW can schedule data when needed (by bringing out of dormancy). 

Observation 3: The UE should also maintain the SCell DL timing and AGC gains, to quickly come out of dormancy when needed. Uplink transmission (if possible on the SCell) is not essential in dormancy if seen from this perspective.

Proposal 1: If the SCell has UL configured, the UE does not transmit anything in the UL on that SCell when in dormancy state. 

Observation 4: While the UE can be configured with beam related RS, for the UE to actually perform beam measurements for BFR, the UE requires PDCCH (which the UE does not monitor in dormancy). So the UE does not do beam measurements for BFR purposes. But the UE can still be configured to report L1-RSRP on RS meant for beam management (using CSI-MeasConfig) and the UE reports back the CSI in this state.

Proposal 2: BF detection is not supported for SCells in dormancy
Observation 5: Modelling dormancy as a (BWP) configuration results in reflecting the dormancy through explicit BWP configuration, which is limited only to that BWP, and other BWPs that do no overlap with this BWP, cannot be in dormancy.

Observation 6: On the other hand, modelling dormancy as UE behaviour decouples this from the BWP which it is operating in. The advantage of modelling the dormancy as behaviour is that it does not tie the dormancy to a particular BWP, but rather, it’s modelled as UE actions irrespective of the BWP the UE is in. 

Proposal 3: Dormancy actions of the UE are captured as UE behaviour and not as BWP configuration.
Proposal 4: SCell dormancy is not applicable to the PUCCH SCell. 
Proposal 5: RAN2 to discuss if SCell dormancy is applicable to the serving cells which are scheduled by another serving cell using cross-carrier scheduling

4.1 Appendix
4.1.1  Some RAN1 agreements
	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)




	R1-1911653
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

Proposals:

· For the L1 based Scell dormancy indication sent on primary cell within active time select one of the below alternatives
· Alt 1

· The PDCCH with dormancy indication is not used for scheduling data

· Note: At least DCI formats 0-1 and 1-1 are used for the PDCCH (as already agreed) 

· The explicit information field in DCI is a bitmap with 1 bit per configured Scell
· Note: No additional RRC configuration of Scell grouping

· X2=15

· Note: X2 is upper bound

· FFS between below options

· New RNTI to scramble the PDCCH DCI (i.e., similar to CS-RNTI)

· Reuse C-RNTI but reserve the FDRA field to all 1s

· Reuse C-RNTI but add a dedicated bit to differentiate from scheduling DCI

· FFS: HARQ-ACK handling for the dedicated DCI

· Alt 1a

· The PDCCH with dormancy indication is also used for scheduling data on the primary cell

· The explicit information field in DCI is a bitmap (appended to scheduling DCI) with up to X2 bits, and 1 bit per group of configured Scells
· Each Scell group can have one/multiple Scells and up to X2 Scell groups are configured via RRC. 

· X2 = 5

· Note: X2 is upper bound.

Number of bits used for explicit information field in DCI is variable


