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1. Introduction
At the last RAN2 meeting, some progresses were made with regard to further mobility enhancement. Especially for reduction in user data interruption during handover, the following conclusions were agreed:
=>
Use the protocol stack comparison in this contribution as baseline for further discussions between the split bearer and non-split bearer solutions.

=>
We should discuss the security key aspects more when we discuss the details of the solutions.

=>
Consider how to do reordering in non-split case

=>
FFS whether single or dual RRC (and e.g. whether we have 1 or 2 S1-C connections) is considered (S1-C would affect also RAN3)

=>
FFS how duplication is considered (depending on solution details)

In this contribution, we give our understanding and proposals on the two potential solutions (i.e. split bearer and non-split bearer solutions) on reduction in user data interruption. 
2. Discussion
2.1. Mobility performance
For downlink data transmission, the ~0 ms interruption time during handover means that UE can receive data from source cell and target cell at same time, this is essentially different from mobility enhancement of R14, since in R14, data can only be transferred over a radio link at any time[2]. At the last RAN2 meeting, the two options, the split bearer option (DC based) and non-split bearer option (eMBB), were confirmed as potential solutions of multiple connectivity during HO, and both of them can meet such requirement. 
Observation 1: Both the split bearer option and non-split bearer option can reach the ~0 ms interruption time requirement during handover.
2.2. Some issues for candidate options

· Additionally, for the two potential options, the following issues need to be firstly discussed:
· Issue 1：Security key aspect for the two options
Both options require update of security key during handover (anchor is changed), but to meet the ~0 ms interruption requirement, legacy security key update mechanism needs to be enhanced. For example, with non-split bearer option, a new security key can be simultaneously used with old security key after receipt of RRC reconfiguration message from source node, so that corresponding DRB can handle data from both new and old radio link at the same time using different security keys, such enhancement can avoid data interruption caused by legacy security key update. Similarly with split bearer option, the use of two keys at same time also needs to be considered during the anchor change procedure.
Proposal 1: To support the 0ms interrupt delay and avoid the interruption impact when the old and new Key are replaced, two security keys should be supported simultaneously during mobility enhancement procedure.
· Issue 2：FFS whether single or dual RRC and whether 1 or 2 S1-C connections is considered
Either for non-split bearer option or split bearer option will not affect the core network, so there can only be one S1-C connection to CN in any time. And this connection will make switching operation between source node and target node during path switch procedure.

Proposal 2：There can only be one S1-C connection to CN in any time during mobility enhancement procedure.
For multiple connectivity during HO, there is no need to support dual RRC. That is, the signal data at any time has only one source, but may use two transmission paths. In other words, the duplication operation should be allowed for SRB1/2 during mobility enhancement procedure, since it can improve the reliability of signaling and shorten the transmission delay. With non-split bearer option, source SRB 1/2 is used before successful access to target cell and switched to target SRB1/2 after that. With split bearer option, source SRB1/2 is switched to target SRB1/2 after successful anchor change.
Proposal 3: Dual RRC does not need to be supported during mobility enhancement procedure, but SRB1/2 duplication should be allowed for improving the reliability of signaling and shortening the transmission delay.
· Issue 3: how to do reordering in non-split case
The PDCP PDUs from two radio links need to be sorted, otherwise lossless transmission cannot be guaranteed. In non-split case, the re-ordering capability can be realized at the same PDCP entity, which includes one re-ordering function and two independent ciphering/deciphering functions. Alternatively the re-ordering capability can also be realized between two independent PDCP entities, but more inter-layer interactions are introduced, which makes UE implementation more complex.

Proposal 4: The PDCP PDUs from two radio links require a unified reordering function during mobility enhancement procedure.
· Issue 4: FFS how duplication is considered
For multiple connectivity during HO, duplication may be considered. On the one hand, such operation can improve reliability of data transmission and shorten transmission delay, on the other hand, this operation does not bring more complexity than the split mode. The main drawback is more radio resources being wasted during handover, but considering that the handover time itself is short and that data transmission through two legs at the same time is shorter(< 5ms). Then such operation should be acceptable during mobility enhancement procedure. 

Proposal 5: Either for DRB or SRB, duplication may be supported during mobility enhancement procedure.
2.3. Comparison of candidate options

Although the two options have some common characteristics, e.g, security key handling, data transmission way etc, but they also have a lot of different characteristics, especially on aspects specification impact, signaling overhead, etc. Further analysis is given as below:
· Applicable deployment scenarios
At present, the commercial LTE network has not yet deployed the application of Dual Connectivity. Therefore, the split bearer option will bring more large-scale network upgrades, which further affects CAPEX and OPEX of operators. But the non-split bearer option, which is based on MBB, will be more flexible and cost effective.
Observation 2：According to current LTE network deployment, the non-split bearer option will be more flexible and cost effective.
· Signaling overhead
The following is a simple flow chart of two options：
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Figure 1 the split bearer option 


Figure 2 the non-split bearer option
According to the above figures, the split bearer option requires at least two RRC reconfiguration procedures to complete whole anchor change, while the non-split bearer requires only one RRC reconfiguration procedure to complete such change. 
Observation 3:  The non-split bearer option has less signaling overhead over air interface.
· Specification effort
Both options need to support enhanced L2 mechanism, which would affect PDCP entity, such as how to do reordering, how to use two security keys to encrypt / decrypt user data, etc. In addition, to configure UE and network, it is necessary to enhance corresponding signaling messages of RRC procedure and X2/Xn AP procedure respectively. Although for the Split bearer option,  legacy DC mechanism can be adopted in the first phase, but in the second phase similar modification with the non-split bearer option is also needed.
Observation 4: There are similar specification effort for the two options.
· UE/network complexity
The non-split bearer option can be seen as a simplified version of the split bearer option, that is, to merge the two phases of the DC-based solution into one phase. For example, at network side, with the non-split bearer option, whole handover procedure is divided into the two phases of preparation + execution. However, with the split bearer option, whole handover procedure is divided into the four phases, including the DC configuration procedure (preparation + execution), as well as the anchor change procedure (preparation + execution). Similarly, at UE side, with the split bearer option,  UE needs to go through two successful configuration procedures. 

Observation 5:  From UE/network complexity point of view, the non-split bearer option is simpler than the split bearer option.
Based on the characteristics of two Options above, comparisons are given in Table-1. 

Table-1 Comparisons between the split bearer option and the non-split bearer option
	
	The split bearer option
	The non-split bearer option

	Applicable deployment scenarios
	Has not yet deployed the application of Dual Connectivity,  needs more large-scale network upgrade.
	Based on the existing MBB mechanism, the deployment is more flexible and cost effective.

	Specification impact
	PDCP(if needed), RRC, X2AP 
	Same as Option 1

	Signaling saving
	5 RRC messages + 1 random access procedure
	Only 3 RRC messages + 1 random access procedure

	UE/network complexity
	Bring more configuration phases at network side, goes through two successful configuration procedures at UE side.
	Similar as legacy handover, only one configuration procedure is used at UE/network side. 


Proposal 6: RAN2 to study these two options ( split bearer option and non-split bearer option), and select one as the standardized target. 
3. Proposals
According to the analysis in section 2, we have the following observations and proposals:

Observation 1: Both the split bearer option and non-split bearer option can reach the ~0 ms interruption time requirement during handover.

Observation 2：According to current LTE network deployment, the non-split bearer option will be more flexible and cost effective.

Observation 3:  The non-split bearer option has less signaling overhead over air interface.

Observation 4: There are similar specification effort for the two options.

Proposal 1: To support the 0ms interrupt delay and avoid the interruption impact when the old and new Key are replaced, two security keys should be supported simultaneously during mobility enhancement procedure.
Proposal 2：There can only be one S1-C connection to CN in any time during mobility enhancement procedure.

Proposal 3: Dual RRC does not need to be supported during mobility enhancement procedure, but SRB1/2 duplication should be allowed for improving the reliability of signaling and shortening the transmission delay.

Proposal 4: The PDCP PDUs from two radio links requires a unified reordering function during mobility enhancement procedure.

Proposal 5: Either for DRB or SRB, duplication may be supported during mobility enhancement procedure.
Proposal 6: RAN2 to study these two options ( split bearer option and non-split bearer option), and select one as the standardized target. 
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