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1 Introduction
The Rel17 WID on Further Multi-RAT Dual-Connectivity Enhancements, the following objectives were given regarding the support of activiation/de-activation for SCG  [1] :
Support efficient activation/de-activation mechanism for one SCG and SCells 

· Support for one SCG  applies to (NG)EN-DC, and NR-DC [RAN2, RAN3, RAN4]

· Support for SCells applies to NR CA, based on RAN1 leading mechanisms [RAN1, RAN2, RAN4]

· This objective applies to FR1 and FR2

An email discussion was carried out after RAN2-111-e [2] and some high level agreements were proposed. In this contribution, we discusses the support of an activation/de-activation mechanism for the support of one SCG and associated SCells, mainly focusing on the issues not discussed in the email discussion or where companies have differing views.   
2 Power saving via SCell dormancy in NR Rel-16
SCell dormancy was introduced in NR Rel16 for enabling power savings in the presence of dynamic change in data rate for a UE configured with carrier aggregation. In SCell dormancy, the UE does not monitor PDCCH for the SCell but continues to perform CSI measurements, RRM measurements and beam measurements and reporting of such measurements so that the NW can use these measurements to quickly activate and schedule the dormant SCell when needed.   

One of the objectives of the Rel17 WI for further Multi-RAT DCCA enhancements is to support an efficient activation/de-activation mechanism for one SCG and its associated SCells.  Such mechanism can be used to save power at the UE and network by (de)activating the SCG based on dynamic changes to the UE data rate. Current specifications allow the network to release/add the SCG to save UE and NW power consumption.  As analysed in [3], SCG addition procedure can incur significant latency (at least 79ms), most of which is attributed to RF warmup time, AGC settling, and PSS/SSS detection.  This latency makes release/add of the SCG inappropriate for dynamic changes in the data rate which is the target for Rel17 WI.    

Observation 1:
Efficient activation of a deactivated SCG should have significantly lower latency compared to SCG addition. 

In Rel16, some preliminary discussions on a network-controlled suspension of the SCG were made.  Although suspended SCG was not finalized in Rel16 due to lack of time and dependency on SCell dormancy, a number of agreements were made conditioned on SCell dormancy discussion [4]:  
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.
· In RRC_CONNECTED upon addition of the SCG, the SCG can be either suspended or not suspended by configuration.

Observation 2:
Use case for the de-activation of SCG is similar to SCell dormancy, but for an MR-DC configuration rather than CA configuration. 

3 Activation/De-activation Mechanism for SCG and SCells

For a UE configured with MR-DC, the same approach can be used to save power by applying the SCell dormancy concept to the PSCell.  For a deactivated SCG, the UE suspends PDCCH monitoring for the PSCell but continues CSI, RRM, and beam measurements and reporting to reduce the latency associated with scheduling following activation of the SCG.  UE behaviour may differ compared to SCell dormancy, given that a UE with one or more dormant SCells was able to rely on an active PCell/PSCell for UL reporting.  However, the basic DL behaviour for a deactivated SCG can be quite similar to dormancy for the PSCell. 
Proposal 1:
For PSCell on a deactivated SCG, the UE does not monitor PDCCH, but performs CSI measurements, RRM measurements, and beam measurements.

As per the WID, activation/de-activation mechanism for the SCG should apply for a UE configured with carrier aggregation, and so the behaviour of the UE with respect to configured SCells should also be considered.  A UE may be configured with CA prior to a de-activation of the SCG.  If at some point, if the data rate is increased again, the network may need to re-activate the SCG and the associated SCells.  To allow this, it should be possible for the network have CSI measurements associated also with the SPCell and SCells of the SCG while the UE has a deactivated SCG.  This can be handled if the SCells of a deactivated SCG can be also configured with dormancy-like behaviour.  

RRM measurements configured by the suspended SCG, on the other hand, are less time sensitive than CSI reports and can be reported via the MN.  Effectively, this would be no different than the case where the UE is configured without SRB3 and reports measurements configured by the SCG via SRB1.  

Proposal 2:
The UE keeps performing RRM measurements configured by the SCG while the SCG is suspended and sends the measurement reports to/via the MN.
The CSI of a dormant SCell is reported to the SPCell of the cell group that the SCell belongs to, ensuring that no extra power is consumed over the dormant SCell for such reporting. The same principle could be applied for the case of suspended SCG, where the UE sends the CSI reports of the SCG to the MN, which then forwards it to the SN. However, such reports may become outdated in the case of non collocated MN/SN deployments. Thus, it is preferable to have the possibility for the UE to report CSI of a suspended SCG directly to the SN. The network could configure the UE to send the CSI reports of a suspended SCG either to the MN or SN (e.g. depending on whether the MN and SN are co-deployed or not). Reporting of the CSI measurements directly to the SN is possible without requiring the UE to monitor the PSCell PDCCH (e.g. upon SCG activation).  
Proposal 3:
CSI of a suspended SCG can be reported to the MN or the SN, depeding on configuration

In rel-16, dormancy for an SCell is configured using L1 signaling.  Specifically, a UE can be changed to a dormant BWP of an SCell by receiving BWP switch in the DCI.  Such DCI is received on PCell/PSCell.  For dormancy behaviour to be applicable to the PSCell and the UE to not monitor PDCCH for a deactivated SCG, the UE should receive the activation/de-activation of the SCG from the MN.  The signalling used for SCG activation/de-activation requires further discussion with RAN1.  Specifically, a L1 signaling mechanism would be preferred over an RRC-based activation/de-activation since it is better aligned with SCell dormancy signalling, and avoids any RRC processing delays.

Proposal 4:
The UE receives commands to activate/deactivate the SCG from the MN.  The type of signalling (RRC, MAC, L1) is FFS. 

The decision on whether to activate or deactivate an SCG can be made by the MN and/or by the SN.   For example, if all the bearers are terminated at the MN, the MN can make this decision autonomously.  However, for bearers terminated at the SN (SCG bearers and SCG terminated split bearers), the MN does not necessarily know the utilization of the SCG link and needs information/indication from the SN to determine whether/when to send the activation/deactivation command.  For example, the SN can itself make the decision to activate/deactivate the SCG based on the utilization of the SCG link and inform the MN to send the activation/de-activation.  RAN3 should be involved in designing any signalling required.   
Proposal 5:
The MN can decide to activate/deactivate the SCG on its own or based on indication provided by the SN

Proposal 6:
Inform RAN3 of the need for signalling to enable the SN to trigger transmission of the activation message by the MN

On SCG suspension, the network could configure the UE bearers to be all MCG bearers (or split bearers with MCG as the primary path), in order to prevent the scenario of an UL data arriving to an SCG bearer (or split bearer with SCG as the primary path) while the SCG is suspended. However, this will lead to unnecessary back and forth bearer type changes whenever the SCG gets activated/deactivated and may also lead to complexity on how the network decides to activate the SCG based on UL data. 

Proposal 7:
SCG bearers or split bearers with SCG as the primary path can be maintained at the UE while the SCG is suspended. 
In the case of an arrival of UL data that belongs to SCG bearers or SCG terminated split bearers , the UE could inform the MN of the arrival of the data and wait for the SCG activation command from the network.  While this approach is aligned with how an SCell is moved from dormancy to non-dormancy based on reporting of BSR, it has some issues when applied to the case of SCG activation.  Firstly, the MN cannot use buffer status information applicable to the SCG as such information is not reported to the MN.  Furthermore, if reporting of such information was to be introduced, it would still require the SN to make the activation decision.  This would incur significant latency for Xn signalling (for sending this information to the SN and for the SN to indicate the activation decision to the MN).  RAN2 would also need to specify how to report this information to the MN.

However, since it is the SN that ultimately performs the scheduling for the UL data to be sent via the SCG link, a better approach would be to allow the UE to perform RACH procedure towards the SCG upon arrival of UL data belonging to an SCG bearer or a split bearer with the SCG as the primary path.  This is aligned to UE behaviour today upon the arrival of UL data to be sent via the SCG when the UE is not uplink synchronized to the SCG.
Proposal 8:
Upon the arrival of UL data belonging to an SCG bearer or a split bearer with the SCG as the primary path while the SCG is suspended, the UE initiates a RACH procedure that implicitly triggers SCG activation. 

The details of the handling of the SCG SCells upon activation/deactivation of the PSCell requires further discussion.  However, it should at least be possible for the network to move the SCells of the SCG to a dormancy-like behaviour (if the SCell is configured with a dormant BWP) or deactivate them otherwise upon de-activation of the SCG.     

Proposal 9:
When an SCG gets deactivated, the SCells of the SCG are switched to a dormant BWP, if configured, or deactivated otherwise. The behavior of the SCG SCells upon the activation of the SCG is FFS.

4 Conclusion
In this contribution, the following observation were made on support of SCG activation/de-activation: 

Observation 1:
Efficient activation of a deactivated SCG should have significantly lower latency compared to SCG addition procedure. 

Observation 2:
Use case for the deactivation of SCG is similar to SCell dormancy, but for an MR-DC configuration rather than CA configuration. 

Based on these observations, the following conclusions were made:

Proposal 1:
For PSCell on a deactivated SCG, the UE does not monitor PDCCH, but performs CSI measurements, RRM measurements, and beam measurements.

Proposal 2:
The UE keeps performing RRM measurements configured by the SCG while the SCG is suspended and sends the measurement reports to/via the MN.

Proposal 3:
CSI of a suspended SCG can be reported to the MN or the SN, depeding on configuration

Proposal 4:
The UE receives commands to activate/deactivate the SCG from the MN.  The type of signalling (RRC, MAC, L1) is FFS. 

Proposal 5:
The MN can decide to activate/deactivate the SCG on its own or based on indication provided by the SN

Proposal 6:
Inform RAN3 of the need for signalling to enable the SN to trigger transmission of the activation message by the MN

Proposal 7:
SCG bearers or split bearers with SCG as the primary path can be maintained at the UE while the SCG is suspended. 

Proposal 8:
Upon the arrival of UL data belonging to an SCG bearer or a split bearer with the SCG as the primary path while the SCG is suspended, the UE initiates a RACH procedure that implicitly triggers SCG activation. 

Proposal 9:
When an SCG gets deactivated, the SCells of the SCG are switched to a dormant BWP, if configured, or deactivated otherwise. The behavior of the SCG SCells upon the activation of the SCG is FFS.
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