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1. Introduction

As an optimization for UE power saving and signaling overhead reduction, RRC_INACTIVE is introduced as a new RRC State and in this state UE AS context is stored in gNB and UE. For a UE in Standalone, the NW decides the UE to transit to RRC_INACTIVE by, e.g. when an Inactivity timer expires, which means UE has no data transmission for a certain period. But for a UE in NSA, there are 2 connections with MN and SN separately, thus some ambiguity exists in the decision on how to handle the inactive mode, for example:

· Which node decides UE to enter RRC_INACTIVE?

· In what condition the UE could be moved to RRC_INACTIVE?

· Whether to store the SCG context during the suspension, i.e. whether to support suspension/resumption at both MN and SN or only at MN? 

2. Discussion

2.1. Which node decides UE to enter RRC_INACTIVE?

This question is raised because in some cases the UE has no data transmission in MN but has data transmission in SN, which may mislead the MN to think UE reaches the condition of entering RRC_INACTIVE. To overcome this issue, 2 options could be considered:

· Option1: Before the MN decides the UE enters RRC_INACTIVE, SN needs to inform MN about the UE activity in SN to help MN make this decision;

· Option2: SN could be authorized by MN to make decision of entering RRC_INACTIVE, when UE has no data transmission in MN or even no MCG DRB is configured.

Option 2 seems to bring additional complexity at MN and SN, and opens further potential issues. Since the RRC release signaling can only be sent by MN, we propose:

Proposal 1: Only MN can decide UE to enter RRC_INACTIVE.

For the method of informing MN about the UE’s activity in SN, there’re several options that could be considered:

· Periodical reports of UE’s activity: SN informs MN whether the UE has data transmission or not based on a certain cycle;

· Event triggered report of UE’s activity: SN inform MN about the UE’s activity only when some predefined conditions is met, for example: 

· UE has no data transmission and the buffer is also empty;
· UE has no data transmission for a predefined period;
· UE has new data in the buffer and leaves drx-inactive;

Above options could all assist MN to decide whether UE can enter RRC_INACTIVE, the only difference is the additional overhead on X2 interface.

Proposal 2: SN needs to report UE’s activity of SCG leg to MN to assist the decision of whether/when UE could enter RRC_INACTIVE. The additional overhead of X2/Xn interface should be limited as much as possible.
2.2. Can UE enter “inactive” only at one leg while another leg is still active? 

General thinking is that UE could enter RRC_INACTIVE when UE has no data transmission in both MN an SN for a certain period. But in case UE has no data transmission only at one leg, in principle there’s the possibility to let UE enter “inactive” only at one leg. But is this reasonable?
We analyze this question in 2 cases:

Case 1: UE has data transmission in MN, the SCG bearer/ SCG split bearer is suspended due to no UL/DL data transmitted in SN;

For case 1, it’s somewhat similar with “PScell deactivation”, but the difference is suspended SCG cannot resume itself, it depends on MN’s resume command or UE’s resume request.

One potential problem for case 1 is how to handle the DL data arrived at SN after SCG bearer/ SCG split bearer is suspended. Buffering the DL data might be a way but this would cause additional cost to the SN. Allowing SN to send resume required message to MN is another way but it would lead to additional X2/Xn overhead/complexity. A more sensible way in case SN has no data transmission is that MN directly releases SN or offloads more data to SN instead of suspending SCG bearer or SCG split bearer.

Observation 1:  MN initiated SCG bearer/SCG split bearer suspension/resumption might work, but this will lead to additional overhead/complexity and we do not see strong benefit and actual use cases to support this functionality.
Case 2: UE has data transmission in SN, but is suspended by MN due to no UL/DL data transmitted in MN;

In case 2, UE enters RRC_INACTIVE with a “suspend command” from MN, but this suspend command doesn’t include SCG, thus data transmission in SCG could continue. UE could resume the RRC connection at MN without impacting the SN leg.

One of the big problems in this case is that if UE moves out of the SN coverage during the RRC_INACTIVE state, data transmission at SN leg will be lost with no chance to be recovered or continued.

Observation 2: It’s not feasible to suspend the MN while leaving SN alive.
Proposal 3: Suspend/resume of SCG bearer/SCG split bearer is not supported.
Proposal 4: UE can be moved to RRC_INACTIVE only when UE has “no activity for a certain period” at both MN and SN. 
2.3. Where to store the SCG context when entering RRC_INACTIVE

This question can be divided into 2 parts:

· Is there a typical case to suspend/resume both MN and SN simultaneously?

In the previous adhoc meeting one case was proposed [1] to support suspension/resumption of MN and SN simultaneously, i.e. high frequency of inactive to active state transitions, in which case the UE is inactive only for a short duration and the network needs to resume the UE in LTE-NR tight interworking mode.  

But the above case seems not so typical:
·  Suspension/resumption was initially introduced for infrequent small data traffic, such as NBIOT traffic, which has relatively large data intervals and small packet sizes. On the contrary, multi-connectivity is not for small data traffic but for big data stream which cannot be served well with only one node, and we do not see a typical data traffic which is big enough to need DC support and at the same is characterized by intervals that can trigger frequent suspension and resumption. 
· UE can’t move out of the SN coverage otherwise the stored bearer configuration in SCG context is useless to be resumed. If the MN uses the stored bearer configuration of old SCG to resume the bearers at a different SN, the DL address of the bearers needs to be updated, thus additional S1 signaling will be needed. In this case it’s more reasonable for the MN to delete the stored SCG context and initiate SN addition procedure to add a new SCG.

· MN can’t decide whether the old SN is still good enough and the corresponding stored SCG configuration can be resumed together without any measurement report during the UE’s resumption procedure. And if a measurement report mechanism is added to the resumption procedure, additional overhead and complexity will be introduced to the specification.

Observation 3: Resuming both MN and SN together is beneficial only in very limited cases. On the other hand this will bring additional signaling overhead (including S1 signaling) and complexity to the specification.

· Is it useful to store the SCG context for the case that UE moves to SN and resume with SN context instead of fetching MN context?

This is also a very rare case. UE’s movement is hard to be predicted and there is only a very small chance that UE happens to move to SN and initiates the resume at SN. Even if it happens the benefit is uncertain but the overhead/complexity is clear: SN needs to prepare corresponding resume-id and shortMAC-I to the UE, and SN still has to fetch UE context from the storage node.

Observation 4: Resuming at SN is a very rare case and storing the SCG context for this purpose brings no benefit but more overhead and complexity.
Proposal 5: Only the AS context of MCG needs to be stored at NW and UE side during suspension and UE should delete the SCG configuration.
3. Conclusion

Proposal 1: Only MN can decide UE to enter RRC_INACTIVE.

Proposal 2: SN needs to report UE’s activity of SCG leg to MN to assist the decision of whether/when UE could enter RRC_INACTIVE. The additional overhead of X2/Xn interface should be limited as much as possible.
Observation 1:  MN initiated SCG bearer/SCG split bearer suspension/resumption might work, but this will lead to additional overhead/complexity and we do not see strong benefit and actual use cases to support this functionality.
Observation 2: It’s not feasible to suspend the MN while leaving SN alive.
Proposal 3: Suspend/resume of SCG bearer/SCG split bearer is not supported.
Proposal 4: UE can be moved to RRC_INACTIVE only when UE has “no activity for a certain period” at both MN and SN. 
Observation 3: Resuming both MN and SN together is beneficial only in very limited cases. On the other hand this will bring additional signaling overhead (including S1 signaling) and complexity to the specification.

Observation 4: Resuming at SN is a very rare case and storing the SCG context for this purpose brings no benefit but more overhead and complexity.
Proposal 5: Only the AS context of MCG needs to be stored at NW and UE side during suspension and UE should delete the SCG configuration.
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