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1. Introduction
The WID “Revised WID on Further Multi-RAT Dual-Connectivity enhancements” was approved at RAN#88e [1], of which the objectives are as follows:
	The objective of this work item is to specify enhancements to MR-DC related scenarios. At least the following topics should be considered in the work:
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

1. Support of conditional PSCell change/addition [RAN2,RAN3, RAN4]
· support scenarios which are not addressed in Rel-16 NR mobility WI


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the last meeting, RAN2 has discussed the SCG deactivation and activation and got the following FFS aspects:
	· 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


In this contribution, we provide our analyses on support of efficient activation/de-activation mechanism for one SCG.
2. Discussion
2.1 UE behaviours 
According to the email discussion [Post111-e][919], most of companies think the UE stops the PDCCH monitoring when the SCG is deactivated.
Observation 1: UE stops the PDCCH monitoring when the SCG is deactivated
2.1.1 PUSCH
The UE transmits the PUSCH according to the UL grant received from the PDCCH. According to observation 1, UE will not transmit the PUSCH on the SCG.
Proposal 1: UE stops the PUSCH transmission when the SCG is deactivated.
2.1.2 CSI measurements and reporting
The CSI measurements and reporting are based on the CSI-RS. The periodic or semi-persistent report can be configured by the RRC and be sent on PUCCH. The semi-persistent or aperiodic report can be triggered by DCI can be sent on PUSCH. The benefits of CSI measurement and reporting when the SCG is deactivated would be that the network can use the CSI reports to schedule the UE efficiently immediately when the network re-activates the SCG. However, the CSI measurements and reports will consume UE power for no benefit if the SCG is not activated soon after.
Reporting via the SCG would require maintaining the uplink timing using either TA commands or RACH (at TAT expiry). In the case of TA commands, this would require the UE to monitor PDCCH periodically. The reports would be on PUCCH or on PUSCH, with more impact on UE power consumption for PUSCH as the UE also needs to get grants and there could be HARQ retransmissions.
One possibility could be to perform such operation only for a limited amount of time, e.g. after entering deactivated state, the UE would maintain uplink timing and continue CSI measurements and reporting for some time and would later move (based  timer or, if the UE sometimes monitor PDCCH, on a network indication). However, this would significantly increase the UE complexity while CSI measurements could be performed rather quickly, e.g. reusing the temporary RS designed for efficient SCell activation, and could then be reported.
Therefore, we prefer the UE to stop CSI measurement and reporting when the SCG is deactivated.
Proposal 2: When the SCG is deactivated, the UE does not perform CSI measurements and reporting on the SCG.
2.1.3 RRM measurement
According to the measurement configuration of intra-RAT and inter-RAT, the purposes of RRM measurement includes the dl signal quantities measurement, the CGI measurement, the SFTD measurement, the UL delay measurement, and the CLI measurement.
· For dl signal quantities measurements of mobility, we think the UE should continue to perform these measurements. In our understanding, if the UE does not keep the RRM measurement for the mobility including the measurement configuration from MN and SN when the SCG is deactivate, the network does not know whether the current PSCell/SCell is good enough when the network re-active the SCG. In the email discussion, most of companies think the MN-configured RRM measurement/reporting procedures do not depend on the SCG activation state and the PSCell mobility based SN-configured measurements is supported while the SCG is deactivated. As to the measurement for SCell addition/change, in our understanding, the transmission on the PSCell is enough because the deactivation of SCG is used for the burst services. Also we think the network can control whether one measurement can be continued based on the requirements of the network.
· For the dl signal quantities measurement of other purposes (e.g. the immediate MDT), the UE does not know whether the measurement is for mobility. But the network knows the purposes of these measurement. Therefore we think the network can indicate to the UE which measurement can be continued when the SCG is deactivated based on the requirements of the network.  
· For the RRM measurement for the UL delay measurement in the immediate MDT, it will not cost much power because the UE stops the UL data transmission in the SCG.
· For the CGI measurement and the SFTD measurement, these measurements belong to one-slot measurement. These measurements will not need much power of UE. 
· For the CLI measurement, the measurement object indicates the frequency/time location of SRS resources and/or CLI-RSSI resources, and subcarrier spacing of SRS resources to be measured. We think the UE can continue this measurement in order to know the CLI of SCG. 
Proposal 3:  The network can indicate which RRM measurements the UE continues when the SCG is deactivated. 
The motivation of SCG deactivation is to reduce the power consumption of the UE and there are no UL/DL data transmissions when the SCG is deactivated, so relaxed RRM measurement will not have great negative impact.  For example, the network can configure longer measurement period (e.g. similar to measCycleSCell).
Proposal 4: Study the relaxed RRM measurement for the continued RRM measurements.
For the MN-configured RRM measurement, the UE can still report the measurement results to the MN via MCG. As proposed in the above, the UE stops the PUSCH transmission when the SCG is deactivated. Therefore the SRB3 is suspended. Then for the SN-configured RRM measurement, the UE can report the measurement results to the SN via the MN.
Proposal 5:   For the SN-configured RRM measurements, UE reports the results to the SN via the MN.
2.1.4 RLM
In R15, the UE performs both the RRM measurements and RLM. In our understanding, the RLM is necessary to stop all operation if there is a risk that PDCCH cannot be decoded successfully.
If the UE stops the RLM when the SCG is deactivated, there is a risk that PDCCH is not successfully decoded which makes operation of the SCG unreliable.  In order to avoid this, the UE could continue the RLM measurements while the SCG is deactivated.
The UE monitors the downlink radio link quality based on the reference signal configured by network, it can be either SSB or CSI-RS. For explicit configuration of RLM RS, the maximum number of RS resources configured by the network is quite limited (e.g. 2 for FR1 <3GHz, 4 for FR1 >3GHz). If the UE continues the RLM when the SCG is deactivated, the network may need to update the resources frequently when the UE moves. When the SCG is not deactivated, the UE can report the new RS resources to the SCG but for the deactivated SCG, as proposed above, the UE will not transmit PUCCH/PUSCH towards the SCG so the UE cannot report the new candidate RS resources for RLM to the SCG. Therefore, some companies think the RLM is not feasible. .Still, the network could update the RLM resources according to the beam measurement results in the SCG failure information. However, SCG failure information and performing RLM also increase the UE power consumption.
Unlike CSI, RLM does not include reporting so there would be less impact on UE power consumption. Besides, doing RLM would not require any extra monitoring or uplink resource maintenance, so it seems reasonable to let the network control whether the UE performs RLM in deactivated state.
Proposal 6: the network controls whether the UE continues to perform RLM on PSCell when the SCG is deactivated.
For implicit configuration of RLM RS, the UE performs RLM based on the activated TCI state of PDCCH. The activated TCI state of PDCCH is changed via the MAC CE. As proposed in the email discussion, all the companies that the UE stops the PDCCH monitoring on the deactivated SCG. Therefore, the UE cannot perform RLM based on.in the implicit RS configuration.
Proposal 7: Only RLM based on explicitly configured RS is supported while the SCG is deactivated.
2.1.5 Beam failure detection/recovery
The beam failure detection is based on L1-RSRP measurements and is based on periodic RS. For the explicit configuration option, the network configures the RS resources via RRC. For the implicit configuration option, the RS resources are indicated by TCI-State for respective CORESETs that the UE uses for monitoring PDCCH. There is only up to two RS can be used for BFD so beam failure might happen frequently.
According to 38.133, for short DRX cycle lengths, the L1-RSRP evaluation period may be as short as 50ms, which is four times smaller than the period to detect out of sync for RLM. This means that beam failure detection will consume significant UE power.
Avoiding beam failure would require updating the reference according to CSI reports, so rather frequent CSI reports may be needed, also impacting UE power consumption significantly.
For BFR of the PSCell, when the UE detects the beam failure, the UE initiates the RACH procedure and sends the MAC CE. For BFR of the SCell, when the UE detects the beam failure, the UE sends the BFR MAC CE. Sending a MAC CE would require getting a grant, i.e. starting monitoring PDCCH and then transmitting PUSCH. However, the UE stops PDCCH monitoring and PUSCH transmission when the SCG is deactivated. Therefore, there is no straightforward way to perform BFR.
Given all these issues, we think it is preferable that the UE does not perform BFD/BFR when the SCG is deactivated and, if needed, the network can rely on RLM to do some kind of beam failure detection. 
Proposal 8: When the SCG is deactivated, the UE does not perform BFD/BFR on the PSCell.
2.1.6 Timing advance
In Rel-15 and in Rel-16, the network sends the Timing Advance Command MAC CE to the UE to start or restart the TAT and adjutst the TA. If the TAT is not expired, the UE can access the PSCell again without the need for RACH. However, the UE stops the PDCCH monitoring when the SCG is deactivated so the SCG cannot send tTA commands to the UE. In our understanding, the UE could keep the uplink timing as long as the TAT is not expired when the SCG is deactivated and access the PSCell again without the need for RACH when the network re-activates the SCG. 
Proposal 9: When the SCG is deactivated while the TAT is running, the UE keeps the TAT running but does not initiate RACH upon TAT expiry. If the SCG is activated while the TAT is still running, the UE may resume normal SCG operation without RACH (details FFS). .
2.1.7 SRS transmission
In our understanding, the motivation of SRS transmission is to know the uplink channel state and to perform the uplink beam management. According to the above discussion, the UE stops the PUSCH transmission and PDCCH transmission. Therefore we think the SCG does not need to know the channel state of uplink and to perform the uplink beam management.
Proposal 10: The UE does not transmit SRS when the SCG is deactivated.
2.2 Signalling procedures
2.2.1 SCG deactivation/activation
Which node makes the decision to deactivate/activate the SCG
As the data cannot be transmitted via deactivated SCG, the network should decide whether to deactivate the SCG e.g. based on the data transmission requirements vs. trying to reduce the UE power consumption . We discuss this for the bearer types using the SCG, i.e. MN terminated split bearer, MN terminated SCG bearer, SN terminated split bearer, and SN terminated SCG bearer (the MN terminated MCG bearer and SN terminated MCG bearer are not relevant to this discussion).
· For the MN terminated split bearer and the MN terminated SCG bearer
When the MN receives DL data from the CN, it knows whether these DL data should be forwarded to the SN. In addition, thanks to the downlink data delivery status from the SN (e.g. the final frame indication in the downlink data delivery statues in RAN3 specification) or to the inactive indication in the activity notification from the SN, the MN knows whether there are DL data buffered in the SCG. The MN knows whether there are UL data buffered in the SCG thanks to the downlink data delivery status from the SN (e.g. the final frame indication in the downlink data delivery statues) or to the inactive indication in the activity notification from the SN.Therefore, the MN can make the decision to deactivate the SCG. 
Alternatively, if the SN would make the decision to deactivate the SCG, the MN might forward some DL data to the SN just before receiving the deactivation notification from the SN. In this case, the either the MN would need to recover these DL data or the SN would need to send the data back to the MN or the SN would need to reactivate the SCG. Therefore, we think it should be up to the MN to make the decision to deactivate the SCG.
When there are new DL data from the CN, the MN will firstly receive these data. For UL data, the MN could be made aware of UL data based on a notification from the UE or, in the split MCG bearer case, based on UL data transmission via the SCG. Therefore, the MN can decide to activate the SCG. In addition, we think that the same node should decide whether to deactivate and whether to activate the SCG.
Observation 2: For the MN terminated split/SCG bearers, it is easier for the MN to make the decision to activate/deactivate the SCG.
· For the SN terminated split bearer and the SN terminated SCG bearer
Like in the above discussion, the SN knows whether there are DL data being or to be transmitted and  whether there are UL data after receiving UL data for the split bearer or after receiving the notification of UL data arrival from the UE, directly (RACH) or via the MCG.
As for the MN terminated bearers, the Activity Notification procedure could be used to report user plane activity within SN resources, therefore for SN terminated split/SCG bearers, the MN also could decide to deactivate/activate the SCG for these two bearer types based on the inactive/reactivated indication in the activity notification from the SN. 
Observation 3: For the SN terminated split/SCG bearers, both MN and SN could make the decision to activate/deactivate the SCG.
Since all the bearer types may exist in the network, we think it should be better for the same node to decide the SCG deactivation/activation, otherwise coordination between the MN and the SN is necessary for each decision. Therefore, we propose that the MN decides the deactivation/activation of the SCG.
Proposal 11: The MN makes the decision to deactivate/activate the SCG.
For the command to deactivate the SCG, if the SN sends the command to the UE, the MN need to send the decision to the SN. It will increase the delay to deactivate the SCG. When the SCG is deactivated, only the MN can send the activation command to the UE. Then, it is simpler that the same node sends the deactivation and the activation command to the UE.
Proposal 12: The MN sends the deactivation/activation command to the UE.
As discussed in the above, for the MN terminated SCG bearer and the SN terminated SCG bearer, when there are new UL data at the UE, the UE needs to inform the network. As proposed above, the MN makes the decision to activate the SCG so the notification should be sent to the MN. In Rel-15 and in Rel-16, the UE only sends the BSR of MCG LCGs to the MCG. Therefore we think the notification of UL data arrival should be sent via the RRC.
Proposal 13:  UE sends an RRC message to the MN to indicate UL data arrival on an SCG bearer
How to send the SCG deactivation/activation command
On how to signal the SCG deactivation/activation, the following options can be considered:
· RRC signalling
· MAC CE
· DCI
The efficient SCG activation/deactivation mechanism does involve L1 so DCI should be avoided. 
	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]



MN RRCReconfiguration signalling (SCG modification) typically has 16ms~20ms processing delay while MAC CE has typically 3ms processing delay. Therefore, the MAC CE based mechanism can save more UE power at SCG deactivation and allow faster SCG activation. In addition, this reduces signalling overhead which is pat of the objectives of this WI. So we propose to use MAC CE to indicate SCG deactivation/activationto the UE.
Proposal 14: Use MAC CE to indicate SCG deactivation/activation to the UE.
2.2.2 PSCell change
As proposed in the above, the UE continues to perform the RRM measurement when the SCG is deactivated. The objective is to allow changing the PSCell according to the RRM measurement results even if there are no data to be transmitted.
Proposal 15: The network can reconfigure the deactivated SCG in order to change the PSCell.
As there are no data to be transmitted via the SCG, the SCG should remain deactivated in order to reduce the power consumption.
Proposal 16:  The network can keep the SCG to be deactivated when the PSCell is changed.
In Rel-15 and in Rel-16, the UE initiates RACH when the network configures the UE to change the PSCell but when the SCG is deactivated, there is no use for the UE to initiate the RACH when the PSCell is changed and the SCG is deactivate.
Proposal 17: [bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]The UE does not initiate the RACH when the PSCell is changed and the SCG is deactivated.
3. Conclusion
Based on the discussion in this paper, we got the following observations and proposals:
Observation 1: UE stops the PDCCH monitoring when the SCG is deactivated
Proposal 1: UE stops the PUSCH transmission when the SCG is deactivated.
Proposal 2: When the SCG is deactivated, the UE does not perform CSI measurements and reporting on the SCG.
Proposal 3: The network can indicate which RRM measurements the UE continues when the SCG is deactivated.
Proposal 4: Study the relaxed RRM measurement for the continued RRM measurements.
Proposal 5:   For the SN-configured RRM measurements, UE reports the results to the SN via the MN.
Proposal 6: the network controls whether the UE continues to perform RLM on PSCell when the SCG is deactivated.
Proposal 7: Only RLM based on explicitly configured RS is supported while the SCG is deactivated
Proposal 8: When the SCG is deactivated, the UE does not perform BFD/BFR on the PSCell.
Proposal 9: When the SCG is deactivated while the TAT is running, the UE keeps the TAT running but does not initiate RACH upon TAT expiry. If the SCG is activated while the TAT is still running, the UE may resume normal SCG operation without RACH (details FFS).
Proposal 10: The UE does not transmit SRS when the SCG is deactivated 
Observation 2: For the MN terminated split/SCG bearers, it is easier for the MN to make the decision to activate/deactivate the SCG.
Observation 3: For the SN terminated split/SCG bearers, both MN and SN could make the decision to activate/deactivate the SCG.
Proposal 11: The MN makes the decision on deactivate/activate the SCG.
Proposal 12: The MN sends the deactivation/activation command to the UE.
Proposal 13: UE sends an RRC message to the MN to indicate UL data arrival on an SCG bearer
Proposal 14: Use MAC CE to indicate SCG deactivation/activation to the UE
Proposal 15: The network can reconfigure the deactivated SCG in order to change the PSCell.
Proposal 16: The network can keep the SCG to be deactivated when PSCell is changed.
Proposal 17: The UE does not initiate the RACH when the PSCell is changed and the SCG is deactivated.
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