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1. Introduction
According to Rel -17 DC/CA WID [1], an effective activation/de-activation mechanism for one SCG is supported to be standardized in Rel -17. 
1. Support efficient activation/de-activation mechanism for one SCG and SCells
· Support for one SCG  applications to (NG) EN-DC, and NR-DC [RAN 2, RAN 3, RAN 4]
· Support for SCells applications to NR CA, based on RAN 1 leading mechanisms [RAN 1, RAN 2, RAN 4]
· This objective applications to FR1 and FR2
This paper considers some open issues for SCG activation and deactivation.

2. Discussion
· UE-triggered deactivation
In RAN2 #113bis e-meeting, the following agreement was made. 
Agreements

2	The UE can indicate to the MN that the UE would like the SCG to be deactivated. FFS on the details (e.g. reusing UAI or existing messages, information included, etc.). Network can configure whether UE is allowed to do the indication.
This paper discusses comparission of potential solutions and proposes to supoort UE autonomous deactivation. 

Candidate solution of UE requested deactivation
When RAN2 introduces UE-triggered deactivation, this paper thinks there are two candidates. 
A) UE autonomous deactivation (i.e., UE has a decision-making power to be deactivated)
B) Extention of UAI (i.e., UE only sends its preference, but final decision is up to NW)
This paper considers benefits of each candidate.

A) UE autonomous deactivation
We assume that a UE deactivates autonomously after UE decides its deactivation. When a UE is deactivated, the UE transmits a RRC message to inform NW of its deactivation via MCG when the UE is deactivated autonomously.
We believe that UE autonomous deactivation is beneficial in the following cases. 
1. SCG RLF due to SCG blocking
2. Critical situation for UEs (e.g., Low battery, Overheating)

1.	SCG RLF due to SCG blocking or due to UE moving in non-contiguous deployment
Under the current specification, if an SCG RLF occurs during MR-DC, the UE reports an SCGFailureInformation message to the MN. Although NW behaviors when receiving the report are not specified, SCG release or SN release may be implemented. This function works well in a contiguous deployment as described on the bottom side of the Figure.1. On the other hand, in a Non-contiguous deployment as described on the top side of the Figure.1., frequent signaling may happen and it may be inefficient because it is expected to return to good quality in a short time if an RLF occurs near the center of the cell or frequent SCG addition/failure may happen. For operator perspective, in the situation where several FR2 cells are placed in one PCell to handle hotspot traffic, it is not realistic from the viewpoint of investment cost that FR2 PSCells are densely laid out to guarantee NR service continuity. Further, considering the fact that there are areas where CA alone is sufficient, such placement is not always necessary. That being the case, it is not always necessary for PSCell(s) to cover the equivalent area as PCell, whether it is FR1 or FR2. 
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Figure.1 (Non-)contiguous deplowment

Observation 1: In a Non-contiguous deployment, frequent signaling may happen and it may be inefficient.
When the SCG RLF occurs frequently, one of the possible solutions would be that the UE autonomously deactivates by transmitting an SCG failure information message or another message. RAN2 has discussed whether  the UE initiated SCG activation by initiating RACH or not. If RAN2 agrees with suppoting it, the UE is autonomously deactivated when the SCG link becomes worse and the UE performs RACH when the SCG link gets better. With this solution, reduction of RRC signalling can be expected. 
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Observation 2: UE autonomous deactivation is beneficial for avoiding frequent RRC signaling due to frequent SCG RLF.

2.	Critical situations for UEs (e.g., Low battery of UE, Overheating)
This paper thinks that UE-triggered deactivation due to other causes is also beneficial. For example, if a UE overheats due to communication on FR2, it may need to limit the communication to cool itself down. Actually, UE Assistance Information (UAI), which 3GPP has already specified, is considered one of candidate solutions to limit the communication. However, because ‘how the NW behaves when it receives a UAI’ is not specified, the UE may not obtain expected gain by transmitting the UAI. For example, UE communicates with 4CC, 400 MHz, UL 2layer, and DL 2layer, and UE sends UAI with Max CC= 1, MABWP = 100 MHz, UL layer = 1, and DL layer = 1. Then NW may reconfigure  with 4CC, BWP 20 MHz per 1CC, UL 2layer, DL 1layer. The NW behaviour may not be what the UE expects. On the other hand, when using UE autonomous deactivation, it is expected that deactivation is performed without fail. 
Observation 3: Critical situations may not be resolved by using the current UAI, since the NW behaviour may not be what the UE expects.
Observation4: Since it is expected that deactivation is performed without fail when using UE autonomous deactivation, UE-triggered deactivation in critical situations is also beneficial.

B) Extention of UAI
In the currenct specification, 3GPP has already specified the following UAI.
ReleasePreference-r16 ::=           SEQUENCE {
    preferredRRC-State-r16              ENUMERATED {idle, inactive, connected, outOfConnected}
}
Like above IE, this paper assumes the following expansion of UAI as an example.
preferredActivated-State-r17::=            ENUMERATED {activated, deactivated}
Benefit of this expantion is that UE can send simple preference compared to the existing UAI, such as overheating preference. On the other hand, the frequent RRC signaling problem due to frequent SCG RLF mentiond above may not be solved by this solution, and deactivation is not expected to be performed without fail (i.e., NW may not indicate to deactivate against UE's preference). 
Observation 5: Frequent RRC signaling problem due to frequent SCG RLF mentiond above may not be solved by this solution, and deactivation is not expected to be performed without fail by using expanded UAI.

Comparission of existing solutions and potential solutions 
Based on the above consideration, this paper thinks that there are benefits in introducing the UE-triggered deactivation. Benefits of each solution are as follows:
· Advantage of UE autonomous deactivation
· Reduction of RRC signalling, especially, when frequent SCG failure happens 
· To perform deactivation without fail
· Advantage of expansion of UAI 
· Small spec impact（we assume that RAN2 needs to add only new IE.）
From the operator's point of view, the signalling load is directly linked to the installed capacity, so it is considered a big problem. Based on the above discussion, we think UE autonomous deactivation is beneficial
Proposal 1: RAN2 supports UE autonomous deactivation.

Details of UE autonomous deactivation
As I mentiond above, we assume that a UE deactivates autonomously after UE decides its deactivation. When a UE is deactivated, the UE transmits the RRC message to inform NW of its deactivation via MCG when the UE is deactivated autonomously. Because it is necessary to avoid the activation/deactivation state mismatch between the UE and the NW, RRC message via MCG should be used.  
Proposal 2: A UE transmits a message to inform NW of its deactivation via MCG when the UE is deactivated autonomously. 

When RAN2 introduces UE autonomous deactivation, there are concerns that UE autonomous deactivation may cause a similar problem that happened in the 3G system problem. In fact, "UE initiated autonomous release" was supported in the 3G system, in which a UE can enter the IDLE mode when UE wants to (e.g., to save its battery). But in practice, signalling storm occurred because the network may ask the UE to re-access. So 3GPP changed the procedure so that UE can only send an indication to the network, and let the network to make a decision.   So introducing "UE autonomous behaviour" may cause a similar problem. However, unlike the 3G system problem where the UE cannot communicate user data unless the NW forces re-access, the UE can communicate via MCG even if SCG is deactivated. NW does not have to force SCG re-access. For this reason, we think that re-activation should be performed with the UE trigger only when the UE judges autonomous deactivation.
Proposal 3: After UE autonomous SCG deactivation, only UE can initiate re-activation of the SCG.

In addition to the usage scenario of the UE autonomous deactivation above, reasons that a UE wants to transition to the deactivated state varies significantly, e.g., expected data volume when launching a certain application, app start-up status, remaining battery capacity, QoS, and their combination. Because the location of a bottleneck in a UE depends on the UE implementation, we think that the UE should make a comprehensive autonomous judgment in consideration of the above factors; therefore we propose:
Proposal 4: The triggering of UE autonomous deactivation is up to UE implementation.

Since we assume that the MN receives the notification of the UE autonomous deactivation, MN also needs to notify SN that UE has autonomously deactivated for avoiding the activation/deactivation state mismatch between the UE/MN and SN.
Proposal 5: MN notifies SN that UE has autonomously deactivated.

Since NW coordination for NW triggered SCG activation/deactivation is discussed by RAN3, it is straightforward that NW coordination for UE autonomous deactivation should also be discussed by RAN3 (i.e., Xn/X2 should be used for the notification of the UE autonomous deactivation). Therefore, we propose
Proposal 6: Xn/X2 is used for the notification of the UE autonomous deactivation.
Proposal 7: Send LS to RAN3 to inform them of the RAN2 decision and ask them to start the required specification work.

3. Summary and Conclusion
This paper proposes:
Observation 1: In a Non-contiguous deployment, frequent signaling may happen and it may be inefficient.
Observation 2: UE autonomous deactivation is beneficial for avoiding frequent RRC signaling due to frequent SCG RLF.
Observation 3: Critical situations may not be resolved by using the current UAI, since the NW behaviour may not be what the UE expects.
Observation4: Since it is expected that deactivation is performed without fail when using UE autonomous deactivation, UE-triggered deactivation in critical situations is also beneficial.
Observation 5: Frequent RRC signaling problem due to frequent SCG RLF mentiond above may not be solved by this solution, and deactivation is not expected to be performed without fail by using expanded UAI.
Proposal 1: RAN2 supports UE autonomous deactivation.
Proposal 2: A UE transmits a message to inform NW of its deactivation via MCG when the UE is deactivated autonomously. 
Proposal 3: After UE autonomous SCG deactivation, only UE can initiate re-activation of the SCG.
Proposal 4: The triggering of UE autonomous deactivation is up to UE implementation.
Proposal 5: MN notifies SN that UE has autonomously deactivated.
Proposal 6: Xn/X2 is used for the notification of the UE autonomous deactivation.
Proposal 7: Send LS to RAN3 to inform them of the RAN2 decision and ask them to start the required specification work.
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5. Annex
RAN2 # 111 e-meeting agreements
No agreements are made

RAN2 # 112 e-meeting agreements
Agreements
The work will focus on a single deactivated SCG.
FFS if SCG RRC reconfiguration can select the SCG activation state (activated/deactivated) at PSCell addition/change, RRC resume or HO.
Continue RAN2 work with the assumption that when the SCG is deactivated, the UE does not monitor PDCCH on the PSCell. This assumption can be reproduced if issues are found.
As a baseline, MN-configured RRM measurement/reporting procedures do not depend on the SCG activation state (deactivated or activated). Further optimizations are not preceded.
While the SCG is deactivated, PSCell mobility is supported. MN-and SN-configured measurements are supported for deactivated SCG. 
FFS1: Details on the performed measurements (e.g. all SN configured measurements or subset based on certain criteria, restrictions on inter-frequency/RAT)
FFS2: Support for SCell addition/mobility
FFS3: Reporting procedure
FF4: PSCell mobility procedure
RAN2 includes that UE will not perform SRS transmission while the SCG is deactivated. This assumption can be reproduced if issues are found.
FFS if RACH is needed for SCG reactivation

Agreements
1	SCG RRC reconfiguration can select the SCG activation state (activated/deactivated) at PSCell addition/change, RRC resume or HO.

Agreements
5: When the SCG is in deactivated state, the UE sends MeasurementReport messages for measurement results of SN-configured measurements embedded in the E-UTRA (If the MCG is EUTRA) or in the NR (if the MCG is NR) ULInformationTransferMRDC message via SRB1
6a: When the SCG is in deactivated state, the UE can receive an SCG RRCReconfiguration message embedded in an MCG RRC (Connection) Reconfiguration message on SRB1, like when the SCG is activated, and then the UE
-processes the SCG RRCReconfiguration message according to Rel - 15/16 procedures (FFS if any restriction/difference)
-sends an SCG R RCReconfigurationComplete message in the MCG RRC (Connection) ReconfigurationComplete message according to Rel - 15/16 procedures
6b: The SCG RRCReconfiguration can change the PSCell.  FFS if the UE does RACH toward the target PSCell, in that case.
7a — While the SCG is deactivated:
- there can be SCG SCells in deactivated state
- there cannot be SCG SCells in activated state
-it is FFS whether there can be SCells in SCG dormant state.
7b: FFS while SCell can be added/reconfigured/released while the SCG is deactivated or this can be done only at SCG activation or after SCG activation.
8a: It is FFS while the network can configure the UE stop certain configured RRM measurements while the SCG is deactivated, or can release certain RRM measurements at SCG deactivation.
8b: Relaxation of RRM measurement requirements (as compared with non-DRX activated cell requirements) while the SCG is deactivated is FFS.

RAN2 # 113 e-meeting agreements
Agreements

1	NW-triggered SCG activation is indicated to the UE via the MCG.
9	NW-triggered SCG deactivation can be indicated to the UE via the MCG. FFS via SCG.

Agreements

2	The UE behaviour when the SCG activation is indicated to the UE via the MCG is one or more of the following options:
option 1)	similar to reconfiguration with sync, i.e. the UE always initiates random access to the PSCell.
option 2)	in certain cases:
-	the UE does not initiate random access and monitors PDCCH on the PSCell (at the latest after the specified processing time).
-	the SCG can schedule data transmission on the PDCCH
The UE decides not to perform random access (one option to be selected):
option 2a) if the TA timer is still running and possibly other conditions (FFS how TAT starts)
option 2b) based on the contents of the SCG activation indication
FFS for option 2a): in the SCG deactivated state, the UE monitors some DL beams (FFS if the same as BFD or RLM) and, if the UE sees that the beams are not good enough (details FFS), the UE either (one of the options to be selected):
-	will perform random access upon reception of the next SCG activation indication from the MCG
-	reports measurement results (details FFS) via the MCG and wait for reconfiguration.

7	Further discuss the format and content of the SCG activation indication from the MCG to the UE after there is more progress on solution 2.

5	Continue to discuss whether some kind of beam monitoring (similar to RLM/BFD) should be supported when the SCG is deactivated. FFS if this only applies to when TAT is running.
6	Clarify the meaning of "the UE maintains DL sync while the SCG is deactivated" (e.g. whether that is a consequence of doing RRM measurements of the PSCell or something more is needed).
8	Further discuss the comparison between
-  define a mechanism for SCG activation upon UL data arrival on SCG bearers
-	use split bearer with primary path on MCG (network sees UL data and can initiate activation)
11	It is FFS whether the UE can provide some assistance information for deactivation of the SCG (but there is no proposal so far).
FFS if in absence of PDCCH monitoring and UL transmission, and it is possible to assume that TA is valid when the TA timer has not expired.

Agreements

1a 	SCG activation can be requested by MN/SN/UE. FFS on how to accept/reject the procedure. FFS which signalling is used.
1b 	SCG deactivation can be requested by MN/SN. FFS whether UE can request deactivation. FFS on how to accept/reject the procedure. FFS which signalling is used.
3 	RRC signalling is defined for the interaction between UE/MN and MN/SN in SCG activation/deactivation. FFS if lower-layer signalling is needed.

Agreements

1 	Confirm that there is no PUSCH transmission on deactivated SCG. FFS if any other UL is allowed towards SCG.
2 	Confirm that there is no PDCCH monitoring on PSCell of the deactivated SCG.
3 	Confirm that there is no support of SCell dormancy for SCG SCells within a deactivated SCG.

RAN2 # 113bis e-meeting agreements
· Only the MN can generate an RRC message with SCG (de)activation.
· Indication of SCG deactivation to the UE via the SCG is not supported.
· During handover preparation, the target MN can indicate the SCG state in the RRCReconfiguration message to be sent to the UE by the source MN.
· The MN RRC reconfiguration message used to deactivate SCG and the embedded SN RRC reconfiguration message can reconfigure any parameter (any restriction requires an explicit decision).
· While the SCG is deactivated, the MN RRC reconfiguration message and the embedded SN RRC reconfiguration message can reconfigure any parameter (any restriction requires an explicit decision).
· The UE can indicate to the MN that the UE would like the SCG to be deactivated. FFS on the details (e.g. reusing UAI or existing messages, information included, etc.). Network can configure whether UE is allowed to do the indication.
· RRM requirements for deactivated PSCell may be different than for activated PSCell. What they could be are FFS pending RAN4 work.

[bookmark: _GoBack]Remaining Open issues
Efficient activation/de-activation mechanism for one SCG and SCells:
· signalling and inter-node interaction at SCG activation/deactivation
· Support of RACH-less SCG activation
· UE-triggered SCG activation via MCG and/or SCG
· Signalling details for activation/deactivation
· UE assistance information for SCG activation/deactivation
· certain aspects of UE behaviour for deactivated SCG e.g.
· Whether there is RLM/BFD
· Whether there are L1 measurements/reporting 
· Need for RACH at PSCell change
· RRM measurement details
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