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1. Introduction

Now, a WI for DC and CA enhancements is introduced in R16 NR. One objective is:

3. 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]

a) This objective applies to MR-DC, NR-NR DC and CA

b) The objective should consider enhancements when starting from IDLE, INACTIVE mode and CONNECTED mode

In RAN2#105 meeting, RAN2 discussed Fast SCell Activation in CA/DC enhancement WI. Some agreements are reached:

Agreements:

1. The configured SCells (MCG and SCG) can be configured in deactivated or activated state by RRC upon addition or after a handover.  Timing requirements are up to RAN4.  FFS if this applies to resume.

In RAN2#106 meeting, RAN2 further discussed Fast SCell Activation in CA/DC enhancement WI. The agreements are:

Agreement

1
SCell dormant state like LTE euCA will not be introduced in NR. 

2
‘dormancy’ behaviour will be studied as a solution for fast return to SCell utilisation for data transfer. The 'dormancy' behaviour implies that the UE stops monitoring PDCCH but continues other activities such as CSI measurements, AGC and beam management. RAN1/4 input required on feasibility and benefit.

In RAN2#107bis meeting, RAN2 agreed that:

· 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 last RAN1 meeting, RAN1 made lots of agreements on it copy-paste in ANNEX. We think it is time for RAN2 to make further progress. In this paper, we will discuss the concept of ‘dormancy’ behaviour in NR system for Fast SCell Activation purpose and how to support it.
2. Discussion

It is common understanding that the dormant BWP will be introduced in the NR to achieve the dormancy behaviour. However, there are still some unclear issues need to confirm in RAN2.

Issue 1: Dormant BWP configuration is per UE or per cell?
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Figure 1: options for dormant BWP configuration

The dormant BWP configuration is for dormancy behaviour. So it is possible to configure per UE or per cell.
Option 1: per cell and configured in SIB.
Option 2: per UE and configured in dedicated signaling.
In NR, the BWP concept was introduced. The UE can be configured with up to 4 BWPs per serving cell and there is only one active BWP (including both DL BWP and UL BWP) per serving cell at any given time. For option 2, it will waste one dedicated BWP Id (only 1 to 4 can be used) but maybe simple. For option 1, it will be little complex but it will save signalling overhead.

Proposal 1: At most one dormant BWP is configured in one Scell. The dormant BWP is configured per serving cell per UE and is one of dedicated BWPs. 
Issue 2: which cell can not be dormancy?
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Figure 2: SCell group configuration for dormancy indication 

RAN2 agreed that dormancy means “UE stops monitoring PDCCH on SCell but continue performing CSI measurements, AGC and beam management,”RAN1 agreed to configure Scell group configuration by RRC for L1 based Scell dormancy indication sent on primary cell. It is not clear which cell can not be dormancy or which cell cannot be configured in the Scell group for dormancy indication.
It is common understanding that the Pcell will not be dormancy.
The measurement results for CSI report are reported by PUCCH in one serving cell. If the serving cell configured with PUCCH in the PUCCH group is in dormancy behaviour, it is an issue for the UE to report the BM measurement results. We are not sure if the PUCCH serving cell can be dormancy or not. So it is better to not allow the PUCCH serving cell in dormancy behaviour. 
For PUCCH Scell, there are 2 options:
Option 1: The PUCCH Scell cannot be dormancy.
Option 2: The PUCCH Scell can be dormancy only when all the Scells in PUCCH group are dormancy.
In LTE euCA, a PUCCH SCell cannot be in dormant state. For simplicity, the PUCCH SCell cannot be in dormancy in NR as LTE.
Proposal 2: The PUCCH Scell in MCG cannot be dormancy as LTE euCA.
In MR-DC case, RAN2 make the working assumption on the suspend SCG issue.
R2 assumes the following (can be slightly modified due to progress on Scell dormancy): 

· The UE supports network-controlled suspension of the SCG in RRC_CONNECTED.

· UE behaviour for a suspended SCG is FFS 
· The UE supports at most one SCG configuration, suspended or not suspended, in Rel16.
If the suspend SCG is supported in R16, it is reasonable to make all the cell in SCG is dormancy or deactivated state.

Proposal 3: PSCell and PUCCH Scell in SCG can be dormancy only when the SCG is dormancy.

Issue 3: RRC indicates the activated Scell state with dormancy behaviour or non-dormancy behaviour?

In RAN2#105 meeting, RAN 2 agreed that “The configured SCells (MCG and SCG) can be configured in deactivated or activated state by RRC upon addition or after a handover.”
Now we agree to support the activate state with dormancy and activate state without dormancy. It is not clear if the RRC can configure the SCell in activated state with dormancy behavior or non-dormancy behavior.
Currently, “firstActiveDownlinkBWP-Id” and “firstActiveUplinkBWP-Id” is configured is used to indicate the first active BWP where the UE stays.
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Figure 3: first active BWP and dormant BWP configuration
In order to achieve the dormancy behavior by RRC, there are 3 options:

Option 1: RRC indicate the activated state type is dormancy or non-dormancy. The UE will ignore the “firstActiveDownlinkBWP-Id” and “firstActiveUplinkBWP-Id” indication and stay in doramnt BWP if RRC indicates Scell state is is activated state with non-dormancy behavior.
Option 2: the “firstActiveDownlinkBWP-Id” and “firstActiveUplinkBWP-Id” indication is set to the dormant BWP id respectively.
The “firstActiveDownlinkBWP-Id” and “firstActiveUplinkBWP-Id” indication is used to indicate the UE the first active BWP to stay during Handover or PScell/SCell addition to change or deactivate state to activate state transition. So it is not good idea to configure the “firstActiveDownlinkBWP-Id” and “firstActiveUplinkBWP-Id” indication to dormant BWP id.
Proposal 4: RRC can configure the activate Scell state is dormancy or non-dormancy.
Proposal 5: Option 1 is preferred and “firstActiveDownlinkBWP-Id” and “firstActiveUplinkBWP-Id” indication is not allowed to set to dormant BWP id.

Issue 4: If support timer based BWP switching to dormant BWP?
RAN1 agreed to use L1 based mechanism to switch BWP to dormant BWP to achieve the dormancy behaviour in one SCell. It is not clear if timer based BWP switching to dormant BWP is supported or not. In LTE euCA, upon sCellHibernationTimer timer expiry, the MAC entity hibernates the associated SCell if it is in activated state. It is benefit to control SCell dormancy behaviour based on a timer configured by RRC.

Currently, the default BWP is configured and it can be initial DL BWP or one of dedicated BWP. The UE perform BWP switching to a BWP indicated by the defaultDownlinkBWP-Id if bwp-InactivityTimer associated with the active DL BWP expires. Considering the timer based BWP switching to default BWP is supported. We can support timer based BWP switching to dormant BWP via configuring the defaultDownlinkBWP-Id to dormant BWP id. 

Proposal 6: timer based BWP switching to dormant BWP is supported via timer based BWP switching to default BWP. The default BWP id can be set to dormant BWP id.
Issue 5: how to support SCell state transition?
[image: image4.png]



Figure 4: SCell state transition
RAN1 agreed that the transition between dormancy and non-dormancy will be use L1 based mechanism and the dormancy is one kind of Activate Scell state. Currently, RAN2 already support the transition between Activate SCell states and deactivate Scell state will be based on A/D MCE CE or timer. So it is not clear how to support the state transition between the activate state with dormancy and deactivate state.
There are 2 options:

Option 1: do not support transition from deactivate state to activate state with dormancy via current A/D MAC CE.

Option 2: RRC indicates which activate state will be when the A/D MAC CE transit the deactivate state to activate state.
For our understanding, the activate state can be transited to deactivate state via MAC CE, no matter the activate state is dormancy or non-dormancy due to the dormancy is one kind of activate state. Currently, the SCell is transited from deactivate state to active state; the UE will go to first active BWP as RRC configured. So we propose do not support transition from deactivate state to activate state with dormancy. 
Proposal 7: Do not support transition from deactivate state to activate state with dormancy. The current A/D MAC CE can be used to transit both activate state with/without dormancy to deactivate state.

Furthermore, L1 based mechanism agreed in RAN1 can only transit scell state between dormancy and non-dormancy via SCell group indication for our understanding. If UE receive the DCI for a SCell group and one deactivate scell in this SCell group, the UE ignore the indication for the deactivated SCell.
Proposal 8: L1 based mechanism agreed in RAN1 can only transit SCell state between dormancy and non-dormancy. If UE receive the DCI for a SCell group and one deactivate SCell in this SCell group, the UE ignore the indication for the deactivated SCell.
Issue 6: Which BWP will be Active BWP when the SCell enters non-dormancy behaviour?
Currently, the SCell is transited from deactivate state to active state; the UE will go to first active BWP as RRC configured. But Which BWP will be Active BWP when the SCell enters non-dormancy behaviour?
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Figure 5: active BWP during SCell enters non-dormancy behaviour 

When the SCell enter non-dormancy behavior from dormancy, which BWP will be the acitve BWP is not clear?
Option 1: First active BWP as configured in RRC.
Option 2: Last serving BWP.
Option 3: Network will indicate the active BWP in DCI which includes SCell dormancy indication.
For option 1, it is reasonable. The option 3 should be decided by the RAN1. So if the DCI does not include the BWP indicator, the UE will start from first active BWP as RRC configured.
Proposal 9: if the DCI does not include the BWP indicator, the UE will start from first active BWP as RRC configured when the SCell enter non-dormancy behavior from dormancy.
Issue 7: Which BWP will be used to perform CQI measurement and BM measurement?
The RS for beam failure detection and recovery procedure is configured per BWP via RRC, if the beam failure is detected, the BFR is triggered, i.e. RACH procedure is triggered to recovery the beam. In R16 eMIMO WI, the BFR is introduced in Scell. However, for SCell in dormancy behaviour, we can not see the need to perform the beam failure detection and recovery due to the UE will stop monitor the PDCCH/PUCCH/PUSCH/SRS/PDSCH reception and transition;
In MR-DC case, we also can not see to support RLM and BFR for PScell if the SCG is dormancy.

Proposal 10: beam failure detection and recovery procedure is not required for the SCell in dormancy behaviour. The BFR and RLM is not support on PScell if SCG is dormancy.
The RS for beam management is configured per BWP via RRC. The UE will perform the measurement with the RS configuration and report measurement results, e.g. RSRP to the network via PUCCH. The same reason as CQI measurement, we also think the UE should perform the beam management measurement only on one BWP, not on all the BWPs configured by the network.

During dormancy, the UE will stay in the dormant BWP, for our understanding, the UE will perform CQI measurement and BM measurement in the dormant BWP, the UE will not perform BWP switch for CQI measurement and BM measurement . However, when UE enter active state without dormancy the UE will perform data reception and transmission on the active BWP not dormant BWP. So it is better that the dormant BWP is overlapped with the active BWP, and the CQI and BM measurement results is meaningful for the network.

Proposal 11:
· The UE will not switch the BWP for CQI and BM measurement if the UE is in dormant BWP.

· The CSI-ResourceConfig is configured in the dormant BWP.

· The dormant BWP is overlapped with the active BWP and configured with RS for BM and CQI measurement.
Issue 8: If the dormant BWP means both DL dormant and UL dormant BWP?
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Figure 6: dormant DL/UL BWP
It is common understanding that the dormant DL BWP will be introduced. But it is not clear the UL behavior of UE in dormancy and it is also not clear if the dormant BWP includes both DL BWP and UL BWP?
	PUSCH
	We think there is no UL transmission in PUSCH, due to no PDCCH monitor in dormant DL BWP for same carrier scheduling. But for cross-carrier scheduling, the DCI for PUSCH in UL BWP is possible received from other Scell or sPCell. For type 1 and type 2 configured Grant is activated if configured even DL stay in the dormant DL BWP. The common understanding is PUSCH transmission is not required. So we need to specify the UE UL behavior if no dormant UL BWP configuration.

	PUCCH
	Only sPCell and PUCCH Scell owns PUCCH configuration. If there is non-dormancy SCell in PUCCH SCell group, then the PUCCH is required to transmit the ACK/NACK. For simplicity, the PUCCH SCell and sPCell cannot be dormancy as LTE euCA.

	SRS
	For UL chancel evaluation, it may be required, but it is up to RAN1 decision.

	RACH
	The SCell need to perform the RACH procedure only on one Scell of sTAG to get TA. The key point is that if the TA maintenance is needed or not. The TA MAC CE will not be transmitted due to no PDCCH monitor and no PDSCH transmission. No requirement to perform RACH on dormancy SCell UL.


In LTE euCA, the dormant SCell will:

	-
if the SCell is in Dormant State:

-
not transmit SRS on the SCell;
-
report CQI/PMI/RI/PTI/CRI for the SCell according to the periodicity indicated by cqi-ReportPeriodic-SCell-r15;

-
not transmit on UL-SCH on the SCell;

-
not transmit on RACH on the SCell;

-
not monitor the PDCCH on the SCell;

-
not monitor the PDCCH for the SCell;

-
not transmit PUCCH on the SCell.


In order to specify UE dormancy behavior it is better to introduce dormant DL BWP and dormant UL BWP together and specify the DL behavior and UL behavior.

Proposal 12: Both DL and UL dormant BWPs are configured if UE support dormancy behavior. When the network informs UE the SCell enter dormancy, then UE switch both DL and UL BWP to dormant BWP respectively.
Based on the discussion for issue 7 and 8, we propose:
Proposal 13: the UL dormancy behaviour for UE in one SCell is:
· stop monitor the PDCCH on the SCell and for the SCell;
· stop PDSCH reception;
· perform RRM, CQI and BM measurement and results reporting;
· stop BFR measurement;
· stop PUCCH/PUSCH/RACH transmission, FFS for SRS;
3. Conclusions:

In this paper, discuss how to support ‘dormancy’ behaviour in NR system for Fast SCell Activation purpose. We propose: 
Proposal 1: At most one dormant BWP is configured in one Scell. The dormant BWP is configured per serving cell per UE and is one of dedicated BWPs. 
Proposal 2: The PUCCH Scell in MCG cannot be dormancy as LTE euCA.
Proposal 4: RRC can configure the activate Scell state is dormancy or non-dormancy.
Proposal 5: Option 1 is preferred and “firstActiveDownlinkBWP-Id” and “firstActiveUplinkBWP-Id” indication is not allowed to set to dormant BWP id.

Proposal 6: timer based BWP switching to dormant BWP is supported via timer based BWP switching to default BWP. The default BWP id can be set to dormant BWP id.
Proposal 7: Do not support transition from deactivate state to activate state with dormancy. The current A/D MAC CE can be used to transit both activate state with/without dormancy to deactivate state.

Proposal 8: L1 based mechanism agreed in RAN1 can only transit SCell state between dormancy and non-dormancy. If UE receive the DCI for a SCell group and one deactivate SCell in this SCell group, the UE ignore the indication for the deactivated SCell.
Proposal 9: if the DCI does not include the BWP indicator, the UE will start from first active BWP as RRC configured when the SCell enter non-dormancy behavior from dormancy.
Proposal 10: beam failure detection and recovery procedure is not required for the SCell in dormancy behaviour. The BFR and RLM is not support on PScell if SCG is dormancy.
Proposal 11:
· The UE will not switch the BWP for CQI and BM measurement if the UE is in dormant BWP.

· The CSI-ResourceConfig is configured in the dormant BWP.

· The dormant BWP is overlapped with the active BWP and configured with RS for BM and CQI measurement.
Proposal 12: Both DL and UL dormant BWPs are configured if UE support dormancy behavior. When the network informs UE the SCell enter dormancy, then UE switch both DL and UL BWP to dormant BWP respectively.
Proposal 13: the UL dormancy behaviour for UE in one SCell is:
· stop monitor the PDCCH on the SCell and for the SCell;
· stop PDSCH reception;
· perform RRM, CQI and BM measurement and results reporting;
· stop BFR measurement;
· stop PUCCH/PUSCH/RACH transmission, FFS for SRS;
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5. ANNEX

Agreement made in RAN1#98bis[1]:
Agreements:

· When the UE is outside Active Time, for the L1 based mechanism for transitioning from ’dormancy-like’ to ’non-dormancy like’ behaviour on activated Scells, an explicit information field for the UE is introduced to the PDCCH WUS

· The explicit information field is configurable within a range of 0 to X1 bits

· X1 <<15

· FFS whether to use BWP framework for transitioning from dormany to non-dormancy

· FFS the case of ’non-dormancy-like’ to ’dormancy like’ transition

· When the UE is in the Active Time, for the L1 based mechanism for transitioning between ’dormancy-like’ and ’non-dormancy like’ behaviour on activated Scells, an explicit information field is newly introduced to at least DCI formats 0-1 and 1-1 for the primary cell

· The explicit information field is configurable within a range of 0 to X2 bits

· X2 <<15

· FFS whether to use BWP framework for transitioning from dormany to non-dormancy or vice versa

· FFS The DCI formats may or may not schedule data (if supported w/o data, the value of X2 can be separately discussed)

· FFS DCI formats 0-0 and 1-0

· FFS the impact of CIF if any

R1-1911601
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
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