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1 Introduction
The Rel17 WID on Further Multi-RAT Dual-Connectivity Enhancements, the following justification and objectives were given for support of activiation/de-activation for SCG  [1] :
…

In EN-DC, UE and network power consumption is a big issue, due to maintaining two radio links simultaneously. In some cases NR UE power consumption is 3 to 4 times higher than LTE. In EN-DC deployment, MN provides the basic coverage. When UE data rate requirement changes dynamically, e.g. from high to low, SN is worth considering to be (de)activated to save network and UE energy consumption. This issue has been discussed in Release 16 eDCCA WI and has significant support. But due to time limitation, it is not completed in Release 16. Therefore an efficient SCG (de)activation mechanism should be specified in Release 17. This efficient SCG (de)activation mechanism can also be applied to other MR-DC options.

…
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

…
The topic was discussed in RAN2 #111-e [2], and the following was concluded:
FFS how signalling and inter-node interaction works at activation deactivation (e.g. MN triggered, SN triggered, UE triggered, signalling mechanism, which node is in control etc)

In this contribution, we discusses the inter-node signaling required to support the activation/de-activation of SCG and associated SCells.   
2 Discussion
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).  This latency makes release/add of the SCG inappropriate for dynamic changes in the data rate which is the target for Rel17 WI. 

In Rel16, some preliminary discussions on a network-controlled suspension of the SCG were made, but the work was postponed for rel-17 due to time limitations. However, the concept of SCell dormancy was introduced in rel-16, that has similar power saving objectives as SCG suspension, but focusing on the CA case, where the network can send an SCell to dormancy when not needed. This was applicable for both MCG and SCG SCells. For MCG SCells, the message to send an SCell to dormancy or back to active mode was sent from the PCell. Similarly, for SCG SCells, the message was sent from the PSCell. As such, the MN and the SN were autonomously deciding the dormancy aspect of the MCG and SCG SCells, respectively, and no inter-node signalling were required.

Observation 1:
For the SCell dormancy behavior specified in Rel-16, the MN/SN decide autonomously the state of their SCells, and no inter-node signaling were required. 

The main reason for suspending an SCG is for UE power saving during low data inactivity, and for activating it is increase in data activity that justifies the usage of the SCG radio. The decision 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. 

Observation 2:
SCG suspension/activation requires inter/node signaling. 

The ACTIVITY NOTIFICATION message in X2/Xn already enables the SN to communicate to the MN the data activity over the SCG concerning a certain UE, optionally at a QoS flow level granularity. This is actually the legacy way of triggering RRC suppend/resume based on DL data inactivity/activity that requires SCG resources, as shown below (taken from 37.340, section 10.12.2)
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Figure 10.12.2-2: Support of Activity Notification in MR-DC with 5GC with RRC_Inactive – SCG configuration released in SN
The same principle can be employed for the SCG suspension, where the MN triggers SCG suspension upon the reception of an ACTIVITY NOTIFICATION message from the MN indicating inactivity. 

Proposal 1:
The ACTIVITY NOTIFICATION X2/Xn message, indicating inactivity, can be used by the SN to implicitly trigger SCG suspension (MN makes the final decision).

In RAN2, it has not been discussed yet whether the SN can directly signal to the UE to suspend the SCG, but it can be assumed that the SN can not directly signal to the UE to activate a suspended SCG. Similar to the RRC resume case, the reception of an ACTIVITY NOTIFICATION message that indicates activity from the SN while SCG is suspended could be used as an implicit signal for triggering SCG activation.
Proposal 2:
The ACTIVITY NOTIFICATION X2/Xn message, indicating activity, can be used by the SN to implictly trigger SCG activation (MN makes the final decision).

Even when there is some data activity via SN resources, the MN may decide to suspend the SCG (e.g. total UE data can be efficiently sent/received via the MN resources). Similary, while the SCG is suspended, the MN may decide to activate the SCG even without receiving data activity indication from the SN (e.g. to make use of the available SCG radio when the data rate for a split bearer increases). The S-NODE MODIFICATION REQUEST (Xn) and SgNB MODIFICATION REQUEST (X2) messages can be used for these purposes.
Proposal 3:
The MN can trigger SCG suspension or activation using the S-NODE MODIFICATION REQUEST (Xn) and SgNB MODIFICATION REQUEST (X2) messages. The suspension/activation can be triggered due to a reception of the ACTIVITY NOTIFICATOIN message from the SN, or other internal logic at the MN (e.g. decrease/increase of UE’s UL/DL data rate). 
Proposal 4:
Whether the SN can reject the SCG suspension or activation request from the MN is FFS. 

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. 

In the case of an arrival of UL data that belongs to SCG bearers or split bearers with SCG as the primary path, RAN2 has to discuss whether the UE could trigger the SCG resumption by sending a random access request directly to the SN, or the information has to be sent to the SN via the MN (and if so, whether it is the MN or the SN that makes the final decision to activate the SCG). However, at least for the suspension case, it should be possible for the SN to be the one deciding the SCG suspension (instead of sending an inactivity report to the MN and let the MN make the decision).   
Proposal 5:
The SN can trigger SCG suspension/activation using the S-NODE MODIFICATION REQUIRED (Xn) and SgNB MODIFICATION REQUIRED (X2) messages.

Proposal 6:
Whether the MN can reject the SCG suspension or activation request from the SN is FFS. 

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

Observation 1:
For the SCell dormancy behavior specified in Rel-16, the MN/SN decide autonomously the state of their SCells, and no inter-node signaling were required. 

Observation 2:
SCG suspension/activation requires inter/node signaling. 

Based on these observations, the following conclusions were made:

Proposal 1:
The ACTIVITY NOTIFICATION X2/Xn message, indicating inactivity, can be used by the SN to implicitly trigger SCG suspension (MN makes the final decision).

Proposal 2:
The ACTIVITY NOTIFICATION X2/Xn message, indicating activity, can be used by the SN to implictly trigger SCG activation (MN makes the final decision).

Proposal 3:
The MN can trigger SCG suspension or activation using the S-NODE MODIFICATION REQUEST (Xn) and SgNB MODIFICATION REQUEST (X2) messages. The suspension/activation can be triggered due to a reception of the ACTIVITY NOTIFICATOIN message from the SN, or other internal logic at the MN (e.g. decrease/increase of UE’s UL/DL data rate). 

Proposal 4:
Whether the SN can reject the SCG suspension or activation request from the MN is FFS. 

Proposal 5:
The SN can trigger SCG suspension/activation using the S-NODE MODIFICATION REQUIRED (Xn) and SgNB MODIFICATION REQUIRED (X2) messages.

Proposal 6:
Whether the MN can reject the SCG suspension or activation request from the SN is FFS. 
4 References

[1] RP-201040 – Revised WID on Further Multi-RAT Dual-Connectivity enhancements (Huawei)
[2] RAN2 #111-e chairman notes

[3] R2-1914364 – Further discussion about suspension of SCG; Qualcomm Incorporated

1/4


_1664613348.vsd
UE


MN


SN


UPF


AMF


3. SN Modification Request(release lower layers)


4. SN Modification Request Acknowledge


6.Period of Inactivity


8. RRC_INACTIVE to RRC_CONNECTED transition


9. SN Modification Request(re-establish lower layers)


10. SN Modification Request Acknowledge (carry SN RRC reconfiguration message) 


7. Activity Notification (Re-activated)


8bis. MN decides whether to reactivate the SN terminated bearers or not


12.RRCConnectionReconfigurationComplete (carry SN RRC reconfiguration complete)


13.SN Reconfiguration Complete (carry SN RRC reconfiguration complete)


14.Random Access Procedure


1.Activity Notification (Inactive) 


2.MN decides to send UE to RRC_INACTIVE


11.RRCConnectionReconfiguration


5.RRCConnectionRelease(INACTIVE)



