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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
During RAN2#111 meeting, the following agreements have been made:
	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)
FFS if for deactived SCG, the UE stop monitoring PDCCH for PSCell and SCells of the SCG
FFS if For the PSCell in deactivated SCG, the UE performs CSI/RRM measurement and report; AGC; beam management; RLM


This contribution will discuss the UE behavior for SCG deactivation and the corresponding signaling support. Besides, the efficient activation for SCells are also discussed in this paper.
2. Discussion
2.1. SCG activation/deactivation
In RAN2#111 email discussion [919], the UE behabiour on PSCell when SCG is deactivated has been discussed, and there seems reach some consensus among the companies on the partial UE behavior for SCG deactivation, i.e., when SCG is deactivated, the UE shall:
1) stops monitor PDCCH on the PSCell; 
2) perform MN-configured and SN-configured RRM measurement/reporting; 
3) not perform SRS transmission. 
There is no consensus on the other UE behavior when SCG is deactivated. Besides, how to define signal to support SCG deactivation/activation control is also unclear. 
Bearer:
When SCG is deactived, all transmission on the DRBs and SRB3 and split SRB on the SCG leg should be suspended. For the split SRB, the transmission path in downlink is selected by the network. For uplink, if the transmission path is configured at SCG leg before the SCG is transitioned to deactivated, then the UE shall switch its transmission path from SCG leg to MCG leg automously. And upon the SCG is activated, the UE can transition the path back to SCG. Thus, we propose the following:
Proposal 1: when SCG is deactivated, all transmission on the DRBs and SRB3 and split SRB on the SCG leg should be suspended.
Proposal 2: UE automously switches the UL transmission path to MCG leg upon SCG is deactivated if needed, and switches the UL transmission path back to SCG leg upon SCG is activated if needed. 
2.1.1 UE behavior on PSCell
RLM measurement:
When SCG is deactivated, UE can perform RLM on PSCell, which can avoid the network to activate an invalid SCG. It is pointed out by some companies that RRM measurement can be used instead for this purpose, however RLM and RRM measurement have different measurement quantities and signal quality thresholds, which are configured by the network. In our understanding, it can be left to network implementation to decide whether the UE shall perform RLM during the period of SCG deactivation. Moreover, since performing RLF may cause more UE power consumption, RLM relaxtion on the PSCell when SCG is deactivated can be further studied to reduce the impact. Thus, UE can perform RLM measurement on PSCell according to the indication or based on an RLM-RS configuration specificly for SCG deactivation. That is, UE only perform RLM based on network configuration. Thus, we propose the following:
Proposal 3: whether UE performs RLM on the PSCell during SCG deactivation is left to NW implementation, i.e., UE only performs RLM when the referred RLM-RS is configured by the NW.
Proposal 4: RLM relaxtion on PSCell when SCG is deactivated should be further studied to reduce the UE power consumption.
When S-RLF is detected, the UE shall report SCG failures to MN. The existing SCG failure information procedure may be reused for the UE to report SCG RLF for SCG deactivation. Based on SCG Failure Inforamtion, the network can make a decision to release, or change the SCG. When change the SCG, the network should ensure to not change the SCG deactivation state if there is no DL data need to be sent to the UE on SCG at that time. 
CSI-RS measurement and reporting:
Since the UE does not monitor PDCCH on PSCell, a semi-static and periodic CSI-RS measurements/reporting are not supported. In our understanding, similar to fast SCell activation, quick start SCG scheduling is also important upon SCG activation, thus periodic CSI-RS measurements/reporting shall be supported. However, frequently CSI-RS measurements/reporting will cause more UE power consumptiom, thus long periodical CSI-RS measurements for SCG deactivation can be considered. Since CSI-RS is delay sensitive, if CSI-RS results is reported to SN via MN, the results maybe inaccurate due to inter-node latency, and thus it is more reasonable that the CSI-RS results is periodically reported to PSCell.
Observation 1: quick start SCG scheduling is also required upon the SCG activation.
Proposal 5: long periodical CSI-RS measurements/reporting on the PSCell for SCG deactivation can be considered.
UL behavior:
To enable sending CSI-RS report, RACH and PUCCH should be supported for SCG deactivation. Since there is no UL data to be sent, UL-SCH shall not supported. Besides, upon SCG is deactivated, timeAlignmentTimer can be kept in order to skip RACH process if re-activation the SCG in a short period is needed. There is no need for the UE to keep TA after timeAlignmentTimer expires during SCG deactivation. Thus, we propose the following:
Proposal 6: for SCG deactivation, RACH/PUCCH shall be supported, while UL-SCH shall not supported. 
Proposal 7: upon SCG is deactivated, timeAlignmentTimer can be kept. There is no need for the UE to keep TA after timeAlignmentTimer expires during SCG deactivation.
2.1.2 UE behavior on SCells
When SCG is deactivated, UE shall stop monitor the PDCCH on/for the SCG SCells for power saving purpose. Thus, we confirm the FFS in the RAN2#111 meeting:
Proposal 8: UE stops monitor PDCCH on/for the SCG SCells when SCG is deactivated.
According to the existing behavior of SCell, the UE behavior for SCG deactivated may have the following alternatives, that is, when SCG is deactivated,
· Alt1: all SCG SCells are deactivated; 
· Alt2: all SCG SCells are activated with dormant BWP;
· Alt3: the SCells in SCG are deactivated or activated with dormant BWP based on network configuration.
Alt1 is the most power-saving way and also is the simplest way which does not bring too much network signaling overhead and specification changes. However, Alt1 is not preferred by us because the activation latency from deactivated to activated may be unbearable when SCG busty traffic occurs. It should be noted that quick start SCG scheduling is also required upon the SCG activation. For Alt2, it maybe infeasible since not all SCells can be configured with dormant BWP and hence cannot be set to dormant. Alt3 can support starting SCG scheduling as quickly as possible and further provide more flexibility for network configuration, e.g., the network can set the SCells configured with dormant BWP to be dormant while the others to be deactivated upon the SCG is deactivated.
Observation 2: Alt3 (SCells in SCG are deactivated or activated with dormant BWP based on network configuration) can support starting SCG scheduling as quickly as possible and further provide more flexibility for network configuration.
Thus, we have:
Proposal 9: upon SCG is deactivated, SCells in SCG are deactivated or activated with dormant BWP based on network configuration.
2.1.3 Signalling aspect
SCG state configuration during SCG change/addition:
Upon SCG addition/modification in the RRCReConfiguration/RRCResume, since there maybe no data to be sent on SCG, it is reasonable for the network to configure the SCG to be activated or deactivated. SN should avoid the case that when SCG change is transmitted via SRB3, and deactivated the SCG, in which case the RRCReconfigurationComplete message cannot be sent via SRB3.
Currently, conditional PSCell change has been supported and specified in Rel-16. When SCG is deactivated, whether the UE should perform CPC should be discussed. According to the following text in TS 37.340.
“If at least one CPC candidate PSCell satisfies the corresponding CPC execution condition, the UE detaches from the source PSCell, applies the stored corresponding configuration for that selected candidate PSCell and synchronises to that candidate PSCell. The UE completes the CPC execution procedure by sending an RRCReconfigurationComplete message to the new PSCell.”
When SCG is deactivated, the UE may apply the RRCReconfiguration due to CPC conditions have been satisfied, and then shall perform RACH towards the candidate PSCell. Besides, if the candidate PSCell or SCG state is configured to be activated, but there may be no UL/DL data to be transmitted since the CPC configuration is preconfigured by the SN. To solve this issue, two options can be considered:
Option 1: When SCG is deactivated, the UE stops CPC.
Option 2: When SCG is deactivated, the UE can apply CPC configuration if the execution conditions have been satisfied, but can postpone performing RACH until there is data going to be sent on the SCG.
In our understanding, both options can work, but option 1 is the simplest. Thus we propose that:
Proposal 10: When SCG is deactivated, the UE stops CPC.
Deactivation:
To deactivate the SCG of the UE, both MN and SN can have control, the examples are shown in the figure 1 and figure 2, respectively.
MN controlled (SN trigger):
· Step 1: The SN notifies the MN about user data inactivity for SN terminated SCG bearers, e.g., via Activity Notification inter-node message. 
· Step 2a: If there is also user data inactivity for MN terminated SCG bearer, the MN may decide to deactivate the SCG. In this case, MN can indicate the UE to deactivate the SCG via RRC, or MAC CE or DCI.
· Step 2b: MN notifies the SN the deactivation, may reusing Activity Notification or introducing a new inter-node message, e.g., Deactivation Acknowledge.
· Step 3: when receiving the deactivation command, the UE deactivates the SCG.
MN controlled (MN trigger/PDCP terminated in MN):
· Step 1: The MN requests the SN to deactivate the SCG (e.g., Deactivation Acknowledge), when there is user data inactivity for MN terminated SCG bearer. 
· Step 2: If there is also no user data inactivity for SN termined SCG bearer, the SN may can accept to deactivate the SCG. In this case, SN sends the deactivation acknowledge to the MN.
· Step 3: when receiving the acknowledge from the SN, the MN indicates the UE to deactivate the SCG via RRC, or MAC CE or DCI.
· Step 4: when receiving the deactivation command, the UE deactivates the SCG.


Figure 1: MN controlled SCG deactivation with MN/SN triggered
SN controlled(SN trigger):
· Step 1: The SN decides to deactivate the SCG for user data inactivity in the SCG RLC bearer. Then, SN indicates the UE to deactivate the SCG via SN RRC, MAC CE or DCI;
· Step 2: the SN may notify the MN that the SCG of the UE is going to be deactivated.
· Step 3: when receiving the deactivation command from the SN, the UE shall response the command and then deactivate the SCG.


Figure 2: SN controlled SCG deactivation
The case that SN controlled (MN trigger / PDCP terminated in MN) is not reasonable and shall not be supported. Given the below procedure, MN controlled SCG deactivation with MN/SN triggered, and SN controlled SCG deactivation with SN triggered can work and shall be supported. 
Proposal 11: MN controlled SCG deactivation with MN/SN triggered, and SN controlled SCG deactivation with SN triggered shall be supported. 
Activation:
The activation can be triggered by by MN and SN for downlink, and by the UE for uplink, and the examples are shown below in figure 3 and 4, respectively.
MN triggered:
· Step 1: When DL data traffic arrives at MN and the MN would like to forward the data to SCG leg, the MN can request the SN to activate the SCG via reusing the Activity Notification or introducing a new inter-node message.
· Step 2: When the SCG activation request is received by the SN, the SN can response to the MN if accept. 
· Step 3: When receiving the response from the SN, the MN sends the activation command to the UE via RRC, MAC CE or DCI.
· Step 4: when receiving the activation command, the UE activates the SCG. 
SN triggered:
· Step 1: When DL data traffic arrives at SN that towards to the UE, SN sends Activity Notification to the MN to report user plane activity. 
· Step 2: MN decides to activate the UE, and sends the activation command to the UE via RRC, MAC CE or DCI.
· Step 3: when receiving the activation command, the UE activates the SCG. 


Figure 3: MN controlled activation
UE triggered:
Option 1:
· Step 1: When UE has data to transmit on the SCG, UE sends the indication to the MN, which is a re-activated notification referred to the SCG. 
· Step 2a: MN indicates UE to activate the SCG.
· Step 2b: MN notifies the SN the activation.


Option 2:
· Step 1: When UE has data to transmit on the SCG, UE activates the SCG by performing RACH towards SN. 
Proposal 12: SCG activation can be triggered by MN and SN and UE. 
2.2. Enhancement for fast SCell activation
Maintain CA/DC configuration during RRC re-establishment:
According to TS 38.331, upon initiation of the RRC connection re-establishment procedure, if the UE is not configured with conditionalReconfiguration, the UE shall release the configured related DC/CA configuration. However, keeping the related DC/CA SCells configuration upon the initiation of the RRC re-establishment, is beneficial for fast SCell activation for MR-DC. Thus, we suggest the following:
Proposal 13: Keeping the related DC/CA SCells configuration upon initiation of the RRC re-establishment.
CSI-RS based early measurement:
Only SSB based early measurement is specified in Rel-16. Considering SSB based early measurement can cover almost all cases of fast CA/DC setup and only the limited TU allocated to Rel-16 DC/CA enhancement, CSI-RS based NR early measurement is not pursued in Rel-16. However, for the SCell without SSB, CSI-RS based NR early measurement results may help the network to fast configure these cells to the UE. Besides, RAN4 is about to finalize the requirement definition of CSI-RS based RRM measurement. 
Observation 3: for the SCell without SSB, CSI-RS based NR early measurement results may help the network to fast configure these cells to the UE.
Observation 4: RAN4 is about to finalize the requirement definition of CSI-RS based RRM measurement. 
Thus, we have the following:
Proposal 14: CSI-RS based NR early measurement can be considered in Rel-17.
3. Conclusion
In this paper, the following observations and proposal are given:
Observation 1: quick start SCG scheduling is also required upon the SCG activation.
Observation 2: Alt3 (SCells in SCG are deactivated or activated with dormant BWP based on network configuration) can support starting SCG scheduling as quickly as possible and further provide more flexibility for network configuration.
Observation 3: for the SCell without SSB, CSI-RS based NR early measurement results may help the network to fast configure these cells to the UE.
Observation 4: RAN4 is about to finalize the requirement definition of CSI-RS based RRM measurement. 
Proposal 1: when SCG is deactivated, all transmission on the DRBs and SRB3 and split SRB on the SCG leg should be suspended.
Proposal 2: UE automously switches the UL transmission path to MCG leg upon SCG is deactivated if needed, and switches the UL transmission path back to SCG leg upon SCG is activated if needed. 
Proposal 3: whether UE performs RLM on the PSCell during SCG deactivation is left to NW implementation, i.e., UE only performs RLM when the referred RLM-RS is configured by the NW.
Proposal 4: RLM relaxtion on PSCell when SCG is deactivated should be further studied to reduce the UE power consumption.
Proposal 5: long periodical CSI-RS measurements/reporting on the PSCell for SCG deactivation can be considered.
Proposal 6: for SCG deactivation, RACH/PUCCH shall be supported, while UL-SCH shall not supported. 
Proposal 7: upon SCG is deactivated, timeAlignmentTimer can be kept. There is no need for the UE to keep TA after timeAlignmentTimer expires during SCG deactivation.
Proposal 8: UE stops monitor PDCCH on/for the SCG SCells when SCG is deactivated.
Proposal 9: upon SCG is deactivated, SCells in SCG are deactivated or activated with dormant BWP based on network configuration.
Proposal 10: When SCG is deactivated, the UE stops CPC.
Proposal 11: MN controlled SCG deactivation with MN/SN triggered, and SN controlled SCG deactivation with SN triggered shall be supported. 
Proposal 12: SCG activation can be triggered by MN and SN and UE.
Proposal 13: Keeping the related DC/CA SCells configuration upon initiation of the RRC re-establishment.
Proposal 14: CSI-RS based NR early measurement can be considered in Rel-17.
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