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1. Introduction
In the last meeting, RAN2 discussed the new bearer type (Split bearer via SCG) for LTE-NR DC and agreed to study as part of NR SI [1][2]. Moreover, the characteristic of this new bearer was capture in TR38.804 [3]. In this paper, we address more details of this bearer type from mobility perspective.
2. Discussion
As stated in [2], Split bearer via SCG is a kind of combination of Split bearer via MCG and SCG bearer. Thus, their pros and cons will be applicable to it. We understand that pros and cons of each bearer type come from its characteristic, i.e., two legs for one EPS bearer (Split bearer via MCG) and U-plane termination point in SeNB (SCG bearer). Following are the high level summary of the pros and cons of each bearer type. 
Table.1 High level comparison on pros/cons of each bearer type

	
	Split bearer via MCG
	SCG bearer
	Split bearer via SCG

	Possible throughput enhancement if the bit rates of CGs are comparable
	( Possible due to 2 legs
	( Impossible due to 1 leg
	( Possible due to 2 legs

	CN signalling
	( due to UP termination in MeNB
	( due to UP termination in SeNB
	( due to UP termination in SeNB

	MeNB scalability from UP perspective
	( Less scalable due to UP termination in MeNB
	( Scalable due to UP termination in SeNB
	( Scalable due to UP termination in SeNB

	Latency requirement on X2
	( Strict due to 2 legs
	( Can be relaxed due to one leg
	( Strict due to 2 legs

	Interruption due to SCG mobility
	( Less interruption due to 2 legs
	( HO like interruption due to 1 leg
	Less interruption due to 2 legs??


Regarding the interruption due to SCG mobility (e.g., UE moves out of SCG coverage), Split bearer via MCG has benefit such that it can easily fall back to MCG bearer thanks to 2 legs while SCG bearer will have some HO like interruption time. On the other hand, it will be worth addressing whether Split bearer via SCG has the similar benefit to split bearer via MCG on less interruption time due to 2 legs. 
We consider following cases:

· Case1: UE moves SeNB coverage and SeNB initially added
· Case2: UE moves out of SeNB coverage

· Case3: UE moves from one SeNB coverage to another SeNB coverage
In Case1, when UE moves SeNB coverage, then MeNB starts SeNB addition procedure. During this procedure, as for SCG bearer, PDCP and RLC should be re-established to reconfigure the security key. Consequently, user will experience some interruption time (red line in fig.1a). 
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Figure.1a: SeNB addition for SCG bearer

However, there will be a possibility to reduce such interruption time. For example, when MeNB confirms the SeNB addition request confirmation from SeNB, MeNB may request CN to switch the path from MeNB to SeNB and SeNB starts process the DL data prior to RA procedure on PSCell. During the period, SeNB can forward DL data processed by the SeNB security (blue arrow in Fig.1b) and MeNB transmits them toward the UE even before the RA procedure completion on PSCell. Consequently, the interruption time can be reduced (red line in Fig.1b).
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Figure.1b: SeNB addition for split bearer via SCG
It should be noted that MeNB can request the path switch before RA procedure completion on PSCell even in the current SCG bearer case. Due to this kind of implementation effort, the interruption time can be reduced somehow.
Observation1a: Interruption may happen in case of SeNB addition but can be reduced by implementation effort thanks to 2 legs.
In Case2, when UE moves out of SeNB coverage, then either MeNB or SeNB will start SeNB removal procedure. Then, if we utilize the current SCG bearer handling, some interruption time will incur as in Case1. On the other hand, there is a possibility to reduce such interruption time thanks to the 2 legs of Split bearer via SCG as in figure 2. 

[image: image3]
Figure.2: Bearer handling in case of SCG connection lost

Since UE has the connection with MeNB, MCG leg is still alive even if UE lost SCG leg. Specifically, if SeNB detects that the connection with UE is lost, flow control is performed such that all the DL data is forwarded to MeNB such that SeNB is kind of the logical node which terminates U-plane but does not provide radio resource in Uu. Then, MeNB can use SeNB as such logical not as long as the UE stays in the same PCell. If UE changes PCell due to the MeNB mobility (inter/intra-MeNB), the logical node can be removed since PDCP and RLC will be anyway re-established due to HO.
Observation1b: Interruption may able to be reduced by implementation effort in case of SeNB removal thanks to 2 legs.

In Case3, when UE moves from one SeNB coverage to another one, change of SeNB procedure is started. In this case, anyway security key is changed for new SeNB, PDCP and RLC should be re-established. However, similar to Case1, NW can complete the path switch before RA procedure toward the new SeNB is completed and UE can receive the DL data on MCG. 
Observation1c: Interruption may able to be reduced by implementation effort in case of SeNB change thanks to 2 legs.

From above observations, we think that 
Proposal1: Confirm that Split bearer via SCG can reduce the interruption time in case of SeNB mobility, e.g., by implementation
Proposal2: To capture the potential benefit of Split bearer via SCG from mobility perspective. 

3. Summary and Conclusion

In this contribution, we addressed the benefit of Split bearer via SCG from mobility perspective and followings are observed and proposed:
Observation1a: Interruption may happen in case of SeNB addition but can be reduced by implementation effort thanks to 2 legs.

Observation1b: Interruption may able to be reduced by implementation effort in case of SeNB removal thanks to 2 legs.

Observation1c: Interruption may able to be reduced by implementation effort in case of SeNB change thanks to 2 legs.

Proposal1: Confirm that Split bearer via SCG can reduce the interruption time in case of SeNB mobility, e.g., by implementation
Proposal2: To capture the potential benefit of Split bearer via SCG from mobility perspective. 
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5. TP for 38.804
	5.2.1.2
Bearer types for Dual Connectivity between LTE and NR

-------------------------Skip unmodified parts-------------------------------

The layer 2 protocol stack and data flow for a split bearer via SCG is illustrated in Figure 5.2.1.2-3. In this bearer type, C-plane connection is served by a master node (MeNB or MgNB) likewise split bearer via MCG while U-plane data for the same bearer is delivered by leveraging radio resources across a master node and a secondary node via SCG. User throughput enhancements, mobility robustness and the similar level of backhaul requirement can be expected likewise the split bearer via MCG. In addition, this bearer type is expected to offload the PDCP processing for U-plane data to a secondary node and to reduce interruption time due to mobility (e.g., secondary node removal) by utilising the LTE radio resources. On the other hand, secondary node mobility is visible to CN and the throughput gain by utilising LTE radio resources on top of NR radio resources may or may not be considerable depending on the relative bit rate of NR.

On a bearer split at NR gNB between LTE and NR radios, the buffering requirement from packet reordering combines factors maximized over both the radios, i.e. is proportional to the product of (the higher) NR bit rate and (the longer) LTE delay.

Editor’s note: LTE-NR DC specific aspects are to be captured here if any. Layer 2 sublayers for NR are shown as an example and necessity of the individual sublayers is still to be concluded.
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Figure 5.2.1.2-3:
Split bearer via SCG
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