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Introduction 
Post RAN2-111e, RAN2 performed an email discussion #919 [1] on scoping the range of aspects the deactivation of SCG should encompass. There were several aspects discussed, but a lot of open items remained. Also there are a few open items that were not part of the email discussion. This paper tries to address these and adds some proposal to progress further.   
Existing Mechanisms and Shortcomings
There were several opinions on the support of RLM/RRM/BM on the SCG when deactivated, and before we delve into the details, it’s better to step back and agree on a solid reasoning on why SCG deactivation feature is needed. In our view it is important to view this from a DRX operation perspective as two things: “Power saving” and “Latency reduction” are the key driving factors from which the SCG deactivation should be looked at when compared to already existing SCG DRX feature.
Rel-15 NR already supports independent DRX operation on MCG and SCG and hence allows the UE to be configured/run on C-DRX operation on SCG independent of the MCG. 
Rel-16 also supports the reduction in signalling latency by allowing the UE to save the SCG configuration while transitioning to RRC_INACTIVE state and by resumption of the SCG configuration while transitioning back to RRC_CONNECTED from RRC_INACTIVE.
Shortcomings

DRX feature
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[bookmark: _Ref45883842]Figure 1 C-DRX operation on SCG

It can be seen in figure-1 that the UE is reachable only during the WUS monitoring occasions (if configured) and during C-DRX active times (as shown in Figure 1). An efficient method of SCG suspension should address this and allow the NW to wake-up UE at any time the UE is not reachable.
Observation 1: The UE is not reachable during DRX inactive times while in C-DRX. SCG deactivation should allow the UE to move out of deactivation during the SCG deactivation state.
Proposal 1: The SCG at the UE can be moved out of SCG deactivation at least via MCG. FFS on how this can be done, and what additional actions can be done to SCG via MCG while SCG is deactivated. 
Also DRX operation allows the UE to come out of DRX when the UE has UL data or control information to send. If such operation is not allowed, then efficacy of SCG deactivation is reduced.
Proposal 2: The UE should be able to indicate to the NW that it wants to come out of SCG deactivation with low latency. FFS if UE can in PSCell use the same means as coming out of RRC_INACTIVE
Feedback in SCG deactivation for faster activation
Further observation from the actions taken by the UE at the transition from the DRX inactive time to DRX active time shows that both the UE and NW can require additional time for beam adjustments (at both the UE and the NW), for the NW to get the channel conditions, and possibly for timing adjustments. It can be seen that UE provision of periodic CSI feedback and SRS transmissions allow both the UE and NW to adjusts the beams, as well as the UL timing alignment and for the provision of DL channel feedback. These actions are reflected in Figure 2.
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Figure 2 Misc activities during C-DRX on duration.

Observation 2: In current DRX operation, at the transition to C-DRX active time, additional time and processing might be needed by the UE and the NW for beam refinements, channel feedback, UL timing adjustments.
Proposal 3: For faster transition to active state, the SCG deactivation allows the UE to report feedback during SCG deactivation based on the NW configuration. FFS on how the UL feedback is transmitted.
Observation 3: While faster CSI provides the feedback on the channel conditions, the UL timing adjustment which is also essential for the PSCell timing maintenance for quicker resumption of data transfer and beam refinement is possible with SRS and so SRS transmission on the PSCell in SCG deactivation is useful. 
Proposal 4: For faster transition to active state, RAN2 to discuss the use of SRS on the PSCell during deactivation based on the NW configuration. 

Open items not discussed in Email discussion #919
SCG deactivation variants and dynamics
There can also be cases where the NW does not have data to transfer to the UE and the NW also anticipates no data transfer for longer period of time, in which case the SCG deactivation should allow the UE to save power consumption even more by sleeping for prolonged periods of time (in effect behave as if the SCG is released), and when the time does come for data transfer, the latency related to SCG configuration can be saved using SCG suspension. 
Observation 4: In cases where the NW does not intend to schedule the UE for long periods of time it is also beneficial to suspend the SCG without frequent SCG activities at the UE, as this is useful for power saving.
Proposal 5: SCG deactivation should allow a configuration by the NW where only the SCG configuration is stored by the UE at the time of SCG deactivation with no further actions until the UE is moved out of SCG deactivation via MCG.
Observation 5: There is benefit in allowing the NW to switch between faster activation (with UE in cases where the NW does not intend to schedule the UE for long periods of time feedback) and longer inactivity (with longer suspension without active feedback).
Proposal 6: RAN2 to discuss if the NW can change the SCG deactivation configuration while the UE is already in SCG deactivated state.
It can also be seen from figure 2 in DRX that the UE is required to monitor the SCells in SCG for PDCCH (for the cells that are configured with PDCCH search-spaces) and this can result in additional power consumption at the UE unnecessarily if the NW does not any intention of scheduling data on the SCells in the DRX active time. Rel-16 WUS based wake-up signal addresses this in a way. 
Further power-saving opportunity exists at the UE if the UE knows in advance that it does not have to expect the data on SCells at all, and SCG suspension should allow such actions. 
Observation 6: In cases where the NW does not see the need to use the SCells for longer periods of time, the deactivation of SCells prior to SCG deactivation helps the UE with further power saving. Current mechanism already allows the NW to deactivate SCells before SCG deactivation.
Proposal 7: SCG deactivation should also provide the information on which SCells can be deactivated at the time of suspension. Similarly which SCells should be activated can be provided if the NW moves UE out of SCG deactivation.
Observation 7: Dormancy operation of SCG SCells is not very critical duing SCG deactivation, as additional methods need to designed to transfer the feedback from SCells vai PSCell or other means with very little benefit of faster transition.
Proposal 8: RAN2 to discuss if SCG SCell dormancy is needed during SCG deactivation.


Dependency on the MCG
Email discussion #919 did not discuss the topic of SCG controlled deactivation without the involvement of MCG.
While MCG is the master of the DC configuration, and there are several improvements that can be made on the SCG deactivation by using the fact that the UE is reachable via the MCG while the UE is SCG deactivation, we should also note that using MCG for SCG deactivation has the following dis-advantages.
Observation 8: Disadvantages of using MCG for SCG deactivation
· Both MCG and SCG has to implement the feature for the SCG deactivation to work.
· Additional Xn signalling is needed between MCG and SCG for the co-ordination of SCG deactivation
· If physical layer signalling (for eg., CSI feedback) is to be transported via MCG, there may be latency constraints on the Xn link, on top of the additional Xn signalling adaptations.  
· Potential additional Uu signaling adaptations are needed on between the UE and MCG to transfer the information of SCG feedback, as well as adaptations needed for the MCG to UE control signaling on behalf of the SCG.
· In the case of MR-DC, there is potential for cross-RAT adaptations where both the nodes needs to update  

In light of the above overhead, one can also argue that there are situations where the SCG is fully in charge of the configured PDU sessions while the MCG only acts as a macro-cell anchor, and in such a case, the SCG is fully aware of the data requirements for the UE to decide if SCG deactivation is needed, and the MCG does not have to be bothered about the suspension.
Proposal 9: SCG controlled SCG deactivation without MCG involvement is also allowed. FFS on the details of how this is done.

Further details on configuration of SCG deactivation/reactivation
It can be agreed that the suspension procedure can be done in a low latency manner, but it can also be argued that the NW needs a confirmation that the SCG suspension is done by the UE. There are multiple methods in which the SCG can be suspended: using RRC signalling, using MAC CE and using a DCI.
All three methods have their own advantages and disadvantages. We capture them in the below table.
Observation 9:
	Method
	Advantages
	Disadvantages

	Using RRC signalling
	· Provides confirmation to the NW as an RRC transaction.
· Can be sent on the MCG
· For re-activation, it’s cleaner as an RRC  transaction.

	· Higher latency
· Deactivation might be coupled to RRC (states)
· UE intending to move out of SCG deactivation might require more changes if RRC is involved.

	Using MAC CE
	· No need for the UE to respond back.
· Not coupled to RRC transaction (or state)
	· Latency similar to RRC for the configuration of deactivation.

	Using DCI
	· Lowest latency
· No response needed from the UE
· SCG deactivation can be independent of RRC/MAC state.
	· NW might not know if the SCG is deactivated right away
· Information sent via DCI can be limited 



Observation 10: It can be seen that it is easier to implement SCG deactivation without associating the UE to an RRC state, or a change in MAC state similar to SCell Dormancy.

Proposal 10: SCG deactivation should not change the RRC state or the SCG MAC state.
Proposal 11: RAN2 to discuss which methods can be used to trigger the UE in and out of SCG deactivation (using RRC/MAC CE and/or DCI ).
 

UE preference on SCG activation/deactivation
While the actual mechanism used in SCG deactivation and re-activation is being discussed, there is also the aspect of UE’s view in terms of the impact of SCG deactivation/re-activation.
While the network has the knowledge of available data to be scheduled to the UE, the UE also can anticipate if there is going to be any data to be received from the network on SCG based on various configurations:
· The type of RB mapping (SN-terminated bearers for eg)
· The applications that are using the RBs and the state of these applications
· Not related to data, but the battery energy situation where the deactivated of SCG can improve the duration the UE can be alive etc.
Based on the above, it can said that UE’s preference on the SCG state (activated or deactivated) can be useful input in the overall system efficiency.
Observation 11: The UE’s preference of the SCG stage (activated/deactivated) helps the UE with efficient power consumption (based on the UE data needs/current power profile), and it helps to have the UE provide this preference to the NW.
Proposal 12: Using (or similar to) the UE Assistance Information RRC message, the UE can provide the NW with it’s preference of the SCG state (activated or deactivated), if the NW configures the UE to do so. The UE can provide this information in RRC_CONNECTED state as well as entering into RRC_CONNECTED state from RRC_INACTIVE. Details of such signalling procedure is FFS.
The acan be agreed that the suspension procedure can be done in a low latency manner, but it can also be argued that the NW needs a confirmation that the SCG suspension is done by the UE. There are multiple methods
Conclusions
Observation 1: The UE is not reachable during DRX inactive times while in C-DRX. SCG deactivation should allow the UE to move out of deactivation during the SCG deactivation state.
Observation 2: In current DRX operation, at the transition to C-DRX active time, additional time and processing might be needed by the UE and the NW for beam refinements, channel feedback, UL timing adjustments.
Observation 3: While faster CSI provides the feedback on the channel conditions, the UL timing adjustment which is also essential for the PSCell timing maintenance for quicker resumption of data transfer and beam refinement is possible with SRS and so SRS transmission on the PSCell in SCG deactivation is useful. 
Observation 4: In cases where the NW does not intend to schedule the UE for long periods of time it is also beneficial to suspend the SCG without frequent SCG activities at the UE, as this is useful for power saving.
Observation 5: There is benefit in allowing the NW to switch between faster activation (with UE in cases where the NW does not intend to schedule the UE for long periods of time feedback) and longer inactivity (with longer suspension without active feedback).
Observation 6: In cases where the NW does not see the need to use the SCells for longer periods of time, the deactivation of SCells prior to SCG deactivation helps the UE with further power saving. Current mechanism already allows the NW to deactivate SCells before SCG deactivation.
Observation 7: Dormancy operation of SCG SCells is not very critical duing SCG deactivation, as additional methods need to designed to transfer the feedback from SCells vai PSCell or other means with very little benefit of faster transition.
Observation 8: Disadvantages of using MCG for SCG deactivation
· Both MCG and SCG has to implement the feature for the SCG deactivation to work.
· Additional Xn signalling is needed between MCG and SCG for the co-ordination of SCG deactivation
· If physical layer signalling (for eg., CSI feedback) is to be transported via MCG, there may be latency constraints on the Xn link, on top of the additional Xn signalling adaptations.  
· Potential additional Uu signaling adaptations are needed on between the UE and MCG to transfer the information of SCG feedback, as well as adaptations needed for the MCG to UE control signaling on behalf of the SCG.
· In the case of MR-DC, there is potential for cross-RAT adaptations where both the nodes needs to update  

Observation 9:
	Method
	Advantages
	Disadvantages

	Using RRC signalling
	· Provides confirmation to the NW as an RRC transaction.
· Can be sent on the MCG
· For re-activation, it’s cleaner as an RRC  transaction.

	· Higher latency
· Deactivation might be coupled to RRC (states)
· UE intending to move out of SCG deactivation might require more changes if RRC is involved.

	Using MAC CE
	· No need for the UE to respond back.
· Not coupled to RRC transaction (or state)
	· Latency similar to RRC for the configuration of deactivation.

	Using DCI
	· Lowest latency
· No response needed from the UE
· SCG deactivation can be independent of RRC/MAC state.
	· NW might not know if the SCG is deactivated right away
· Information sent via DCI can be limited 



Observation 10: It can be seen that it is easier to implement SCG deactivation without associating the UE to an RRC state, or a change in MAC state similar to SCell Dormancy.
Observation 11: The UE’s preference of the SCG stage (activated/deactivated) helps the UE with efficient power consumption (based on the UE data needs/current power profile), and it helps to have the UE provide this preference to the NW.
Proposals:
Proposal 1: The SCG at the UE can be moved out of SCG deactivation at least via MCG. FFS on how this can be done, and what additional actions can be done to SCG via MCG while SCG is deactivated. 
Proposal 2: The UE should be able to indicate to the NW that it wants to come out of SCG deactivation with low latency. FFS if UE can in PSCell use the same means as coming out of RRC_INACTIVE
Proposal 3: For faster transition to active state, the SCG deactivation allows the UE to report feedback during SCG deactivation based on the NW configuration. FFS on how the UL feedback is transmitted.
Proposal 4: For faster transition to active state, RAN2 to discuss the use of SRS on the PSCell during deactivation based on the NW configuration. 
Proposal 5: SCG deactivation should allow a configuration by the NW where only the SCG configuration is stored by the UE at the time of SCG deactivation with no further actions until the UE is moved out of SCG deactivation via MCG.
Proposal 6: RAN2 to discuss if the NW can change the SCG deactivation configuration while the UE is already in SCG deactivated state.
Proposal 7: SCG deactivation should also provide the information on which SCells can be deactivated at the time of suspension. Similarly which SCells should be activated can be provided if the NW moves UE out of SCG deactivation.
Proposal 8: RAN2 to discuss if SCG SCell dormancy is needed during SCG deactivation.
Proposal 9: SCG controlled SCG deactivation without MCG involvement is also allowed. FFS on the details of how this is done.
Proposal 10: SCG deactivation should not change the RRC state or the SCG MAC state.
Proposal 11: RAN2 to discuss which methods can be used to trigger the UE in and out of SCG deactivation (using RRC/MAC CE and/or DCI ).
[bookmark: _GoBack]Proposal 12: Using (or similar to) the UE Assistance Information RRC message, the UE can provide the NW with it’s preference of the SCG state (activated or deactivated), if the NW configures the UE to do so. The UE can provide this information in RRC_CONNECTED state as well as entering into RRC_CONNECTED state from RRC_INACTIVE. Details of such signalling procedure is FFS.
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