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1. Introduction
For Rel-17 SCG deactivation and activation, following conclusion were made in last RAN2 meeting:
	· 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


The last two FFS points were discussed during email discussion [1]. In this contribution, we mainly discussed the framework of SCG deactivation and shared our views on inter-node interactions (first FFS). 
2. Framework of SCG deactivation/activation 
As indicated in the WID, the reason of supporting SCG deactivation/activation is to minimize UE and network power consumption, and simply releasing SCG will cause extra delay when UE data rate changes dynamically, because network needs to acquire UE’s measurement results to re-add SN. Although this topic was shortly discussed in Rel-16, no detail conclusion was made due to the limited time. 
For SCell operation, both deactivation and dormancy behaviour are supported in Rel-16, and when UE is in dormancy behaviour (e.g. activate BWP is dormant BWP), the SCell is still in activated state. For SCG deactivation, there are two alternative approaches:
· Alt 1: BWP based solution. Network configures a dormant BWP for PSCell, when active BWP of PSCell is switched to dormant BWP (via RRC or DCI), the PSCell (or SCG) is considered as in deactivated state. 
· Alt 2: non-BWP based solution. Network sends explicit deactivation indication to UE, after receiving the indication, UE deactivates the PSCell (or SCG).
In our understanding, for Alt 1, there are several problems to be considered/solved:
Problem 1: Alt 1 only works when UE supports more than one BWPs on a given cell. For UE supports only one BWP, Alt 1 is not applicable. 
Problem 2: After enters dormant BWP in PSCell, the UE is assumed to stop PDCCH monitoring on PSCell for power saving. When MN wants to resume SCG transmission, the network shall either send DCI or RRC signalling via MN leg to UE to trigger BWP switching. To achieve this, MN should be aware of the BWP configuration in SN, or MN has to ask SN to generate the command, both are not desirable.   
Observation 1: For SCG deactivation/activation, BWP switching based solution has limitation in application, and it requires SN to expose the BWP configuration to MN.
In comparison, for Alt2, without involving BWP configuration in PSCell, the signalling design is simpler. For instance, when the data rate is decreased, MN can trigger SCG deactivation by sending an indication UE.   
Proposal 1: Network triggers SCG deactivation/activation by sending indication to UE, not by BWP switching on PSCell (i.e. dormant BWP is not introduced for PSCell).
For SCG deactivation, the state of SCell should also be taken into consideration. As mentioned above, currently, a SCell supports several states in Rel-16: 
1) Activated state without dormancy behaviour; 
2) Activated state with dormancy behaviour (e.g. dormant BWP);
3) Deactivated state
When discussing SCG deactivated state, at least it means the UE’s operation on PSCell can be reduced. For SCG SCell operation, we haven’t seen any necessity to keep SCG SCell in activated state without dormancy behaviour. On the other hand, if we supports UE to keep SCG SCell in dormancy behaviour, the UE shall rely on the DCI, or SN RRC signalling to switch SCell from dormancy to non-dormancy, in our view, this needs more standard effort without significant gain. 
So for simplicity, we suggest to only consider unified serving cell state, that when SCG is deactivated, both PSCell and SCG SCells are deactivated. And no new RRC state will be introduced.
Proposal 2: When SCG is deactivated, both PSCell and all SCG SCells are in deactivated state.
Proposal 3: UE maintains RRC_CONNECTED state when SCG is deactivated (i.e. no new RRC state is introduced).
3. Signalling of SCG deactivation/activation 
As indicated in the WID, the reason of supporting SCG deactivation/activation is to minimize UE and network power consumption, and simply releasing SCG will cause extra delay when UE data rate changes dynamically, because network needs to acquire UE’s measurement results to re-add SN. However, in addition to UE power saving, another main target is to support “Efficient” SCG deactivation/activation. Therefore, if the latency is similar to normal SN release+add, the necessary of SCG deactivation/activation will be questioned.
Observation 2: In addition to UE power saving, the latency of SCG deactivation/activation should be smaller than normal SN release +add.
From user experience, network usually deactives SCG when the UE throughput is low, thus SCG transmission can be suspended for UE power saving. In theory, low latency should not be a key point for SCG deactivation. However, for SCG activation, it is triggered due to the increased data rate, and this may happen suddenly, so in order to avoid bad user experience, we should mainly focus on how to reduce the latency of transition from SCG deactivation to activation.
Observation 3: To avoid bad user experience, for “efficient” SCG deactivation/activation, we should mainly focus on low latency of state transition from SCG deactivation to activation.
After last RAN2 meeting, there is one FFS on 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 paper, we discussed these scenarios one by one, and provide analysis on the latency of state transition.  
· For SCG deactivation
For SCG deactivation, there are following use cases:
· Case 1: SCG deactivation when SCG is already established; 
· Case 2: SCG deactivation during SCG setup (triggered by MN);
· Case 3: SCG deactivation upon PSCell change caused by UE mobility (SCG is already deactivated, and network wants UE to keep SCG in deactivated state after PSCell change).  
For Case 1, it may be triggered due to the low data activity at SN side. For a MR-DC UE, if the PDCP anchor of bearers are located at MN. MN is aware of UE’s throughput, and decides whether to deactivate SCG based on the traffic. In addition, if UE is configured with SN terminated bearers, for those bearers with PDCP anchors located at SN, the SN can use X2/Xn “Activity Notification” message to inform MN about the traffic activity at SN side. So it is possible to let MN to decide whether to deactive the SCG upon receiving the Activity Notification. 
Observation 4: Current X2/Xn signalling already supports SN to send “Activity Notification” message to MN, indicates the user date traffic activity at SN side. So MN can determine whether to trigger SCG deactivation, e.g. based on the “Activity Notification” message sent by SN.
For Case 2, the main use case is to allow network to establish SCG with deactivated state beforehand, thus network can activate SCG when necessary, in this case, SCG transmission latency can be reduced compare to legacy SN addition. Considering in Rel-16, network can establish/resume SCG during RRCReconfiguration or RRCResume procedures. Thus to support Case 2, both RRC Reconfiguration and RRCResume procedure should be considered. 
Proposal 4: 	UE can be configured with SCG deactivation in both RRCReconfiguration and RRCResume procedures.
For Case 3, based on the progress of email discussion [1], when SCG is in deactivated state, due to UE mobility, almost all companies agree the UE is still required to perform RRM measurement, so network can trigger PSCell change when UE moves out the coverage of old PSCell. However, if the data rate does not change in this case, the network may expect UE to keep SCG in deactivated state. Otherwise, network has to trigger “activate + deactivate” which is low efficient. So the signalling design should allow network to request to maintain UE in SCG deactivated state upon PSCell change. In addition, we think RACH procedure can be avoid to save UE’s power, UE can trigger RACH when performs SCG activation.
Proposal 5: 	UE can be configured to keep SCG in deactivation state upon PSCell change (i.e. RRCReconfiguration with reconfigurationWithSync). And RACH procedure towards target PSCell can be avoid in this case. 
· For SCG activation
For SCG activation, in our understanding, there are following use cases:
· Case 1: MN wants to trigger SCG activation because the traffic in MCG is heavy; 
· Case 2: SN wants to trigger SCG activation due to downlink data arrives at SN terminated bearer;
· Case 3: UE wants to trigger SCG activation due to uplink data arrives at SCG bearer.  
For Case1, since SCG activation is triggered by MN, MN anyway needs to inform SN to activate SCG, therefore, this can be done by including “SCG activation indication” in SN Modification Request message. Then after receiving the feedback from SN, MN can configure UE to trigger SCG activation. The general signalling flow is illustrated in below figure:


Figure 1 SCG activation initiated by MN
For Case 2, since SCG activation is requested by SN, there are two alternative solutions:
· Solution 1: SN sends “Activity Notification” to MN, and let MN decides whether to activate SCG, if MN decides so, MN sends SN Modification Request including “SCG activation indication” to SN. 
· Solution 2: SN can decide to trigger SCG activation, and sends “SCG modification required” message to MN, it includes SN RRCReconfiguration container. 
Signalling flow of the two solutions are given in below figure:

Fiigure 2 SCG activation initiated by SN (solution1&2)
For comparison, we provide a table to show SCG activation latency between solution1 and solution2. (Note: the latency of Uu SCG Activation Command is FFS because it depends on whether to use RRC or MAC CE, but it is assumed as a fixed value in this table)
	Comparison of latency of SCG activation

	Solution 1
	Solution 2

	Activity Notification 
	10ms
	-
	-

	SN Modification Request
	10ms
	-
	-

	SN Modification Request Ack
	10ms
	SN Modification Required
	10ms

	SCG activation command (Uu)
	FFS (e.g. N ms) 
	SCG activation command (Uu)
	FFS (e.g. N ms) 

	Total
	30+N (ms)
	Total
	10+N (ms)


As shown in above table, for solution1, the signallings are same as in Case1 with additional “Activity Notification” procedure. However, for solution2, since it allows SN to directly trigger SCG activation procedure. the latency can be 20ms less than solution 1. 
Observation 5: In case SN wants to activate SCG, the latency of transition from SCG deactivation to activation can be larged reduced (almost 20ms) if SN can trigger SCG deactivation directly.
For Case 3, in case UE wants to activate SCG, based on companies contributions submitted last meeting, companies think the UE should first send request or assistance information to MN, then let MN triggers SCG activation procedure towards SN, from UE’s perspective, the UE can only start SCG activation procedure until receiving the command from MN. The general signalling flow is given in below figure:

Fiigure 2 SCG activation initiated by UE, compare with legacy SN addition
	Comparison of latency of SCG activation

	SCG activation initiated by UE
	SN addition

	SCG activation request 
	10ms
	Measurement configure/report 
	0 ~ n*100ms 

	SN Modification Request
	10ms
	SN Addition Request
	10ms

	SN Modification Request Ack
	10ms
	SN Addition Request Ack
	10ms

	SCG activation command (Uu)
	FFS (e.g. N ms) 
	SCG activation command (Uu)
	FFS (e.g. N ms) 

	Total
	30+N (ms)
	Total
	20+N (ms) ~
n*100+20+N(ms)


As shown in above table, if UE needs to first request MN to activate SCG, due to the signalling latency in X2/Xn interface, the entire latency for transition from SCG deactivation to activation could be even larger than blind SN addition. In our view, this violates the motivation of fast SCG activation.   
Observation 6: In case UE wants to activate SCG, if UE needs to first request MN to activate SCG, due to signalling latency in X2/Xn interface, the entire latency could be even larger than blind SN addition.
Considering the UE have valid SCG context, in order to minimize the data transmission delay, one possible solution is that UE can perform RACH procedure towards the PSCell directly. However, other solutions can also be discussed. So for the purpose of fast SCG activation, we propose RAN2 to focus on how to reduce the latency when discussing the signalling flow of SCG activation, and not only pay attention to reducing the latency in Uu interface. 
Proposal 6: 	For fast SCG activation, RAN2 should focus on how to reduce the latency of entire procedure, not only discuss how to reduce the latency in Uu interface. 
Proposal 7: 	For fast SCG activation, RAN2 to discuss: 
· Whether/How to support SCG activation procedure directlly initiated by SN (not through sending Activity Notification to MN).
· Whether/How to support UE directly initiate RACH procedure towards PSCell (upon arrival of of UL data for SCG bearer). 
4. Conclusion and proposals
RAN2 is kindly asked to discuss and adopt the following proposal:
[bookmark: _Toc535476034]Observation 1: For SCG deactivation/activation, BWP switching based solution has limitation in application, and it requires SN to expose the BWP configuration to MN.
Observation 2: In addition to UE power saving, the latency of SCG deactivation/activation should be smaller than normal SN release +add.
Observation 3: To avoid bad user experience, for “efficient” SCG deactivation/activation, we should mainly focus on low latency of state transition from SCG deactivation to activation.
Observation 4: Current X2/Xn signalling already supports SN to send “Activity Notification” message to MN, indicates the user date traffic activity at SN side. So MN can determine whether to trigger SCG deactivation, e.g. based on the “Activity Notification” message sent by SN.
Observation 5: In case SN wants to activate SCG, the latency of transition from SCG deactivation to activation can be larged reduced (almost 20ms) if SN can trigger SCG deactivation directly.
[bookmark: _GoBack]Observation 6: In case UE wants to activate SCG, if UE needs to first request MN to activate SCG, due to signalling latency in X2/Xn interface, the entire latency could be even larger than blind SN addition.
Proposal 1: Network triggers SCG deactivation/activation by sending indication to UE, not by BWP switching on PSCell (i.e. dormant BWP is not introduced for PSCell).
Proposal 2: When SCG is deactivated, both PSCell and all SCG SCells are in deactivated state.
Proposal 3: UE maintains RRC_CONNECTED state when SCG is deactivated (i.e. no new RRC state is introduced).
Proposal 4: 	UE can be configured with SCG deactivation in both RRCReconfiguration and RRCResume procedures.
Proposal 5: 	UE can be configured to keep SCG in deactivation state upon PSCell change (i.e. RRCReconfiguration with reconfigurationWithSync). And RACH procedure towards target PSCell can be avoid in this case. 
Proposal 6: 	For fast SCG activation, RAN2 should focus on how to reduce the latency of entire procedure, not only pay attention to reducing the latency in Uu interface. 
Proposal 7: 	For fast SCG activation, RAN2 to discuss: 
· Whether/How to support SCG activation procedure directlly initiated by SN (not through sending Activity Notification to MN).
· Whether/How to support UE directly initiate RACH procedure towards PSCell (upon arrival of of UL data for SCG bearer). 
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