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1. Introduction
At the previous RAN2 meetings, some progresses were made with regard to further mobility enhancement[1]. Especially for reduction in user data interruption during handover, the following conclusions were agreed:
Agreements

1
Specify the ”non-split bearer” solution candidate for the Rel-16 E-UTRA enhancements minimizing the interruption time during mobility.

2
Decide during the work item phase whether a single active protocol stack or two active protocol stacks are used in enhanced Rel-16 E-UTRAN mobility solution.

3
Agree the following common aspects for “non-split bearer” solution candidate:

a.
PDCP SN assignment (for DL) is done at source eNB. PDCP SDUs and the SN assigned to each SDU are then forwarded to target eNB. Details of how SN information is transferred is FFS.

b.
RoHC and remaining PDCP functions (e.g. ciphering, PDCP PDU creation) are executed separately at each network node

c.
The UE procedure when UE detaches from the source cell is explicitly defined in the specifications (e.g. via procedural text and/or via dedicated message/indication.).

d.
In case of two active protocol stacks, a separate security key is used for each of the protocol stacks.

4
RAN2 is asked to work further on the details of the following open issues:

a.
When detaching from the source shall occur and whether it has to be separately considered from the UE’s and NW’s side

b.
Whether data forwarding is done “late” or “early”. Consider potential combination with CHO and how SN Status transfer is done and how HFN is handled. 

c.
LS to RAN3 on data forwarding enhancements to enable reduced interruption time during HO 

5
The detailed assumptions of simultaneous transmission/reception for the solutions depend on the feedback from RAN1 and RAN4 (i.e. response to R2-1815706). RAN2 shall continue working based on the received LS replies.
In addition, the email discussion [2] and offline discussion[3] were organized, which involve the comparison of single/dual protocol stacks and the details of Single PDCP entity and UL UP handling during handover, but no conclusions were agreed. On the basis of these information, we give further analysis and proposals on the Non-split bearer option on reduction in user data interruption. 
2. Discussion
For the Non-split bearer option, there are two different directions, one is with a single protocol stack active at a time, the other is with dual protocol stacks active at a time. In the email discussion[2], many companies have expressed their views, the majority of which believe that the non-split solution with dual protocol stacks active can achieve the real 0ms interrupt delay. But for option 0/1/2 with single protocol stack active, almost all company think there will be some interruption delay. These delays include random accessing delay caused by CBRA and additional delay caused by waiting for PDCP status report from the UE to support selective retransmission. On the other hand, the difference between the two directions in terms of RF requirement, security aspect, impact on specification, applicable deployment scenarios is not very different.
In addition, according to our understanding, the UE of different RF capabilities should be allowed to use different solutions to further improve interruption time during HO. For example, the UE with 2RX/2TX should be able to achieve the best interruption performance of 0ms, so that the capability of dual TRX chains of the UE is not wasted. 
It is therefore proposed to consider the Non-split bearer option with dual protocol stacks active at a time as a direction for further standardization to support this case.
Proposal 1: To consider the Non-split bearer option with dual protocol stacks active at a time as a direction for further standardization.
The Non-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 the 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 the Non-split bearer option there is no need to support dual RRC. That is, the signal data at any time has only one source. Source SRB 1/2 is used before successful access to the target cell and switched to target SRB1/2 after that.  If the access to the target cell fails and the source cell is available, the UE is allowed to return to the source cell, that is, the source SRB1/2 continues to be kept.
Proposal 3: Dual RRC does not need to be supported during mobility enhancement procedure, but the UE is allowed to return to the source cell if the access to the target cell fails and the source cell is available .
For the Non-split bearer option, DRB duplication may be considered during HO. For example, in downlink, data forwarding should start as soon as possible to support 0ms interruption time during HO, so that the schedulers on two nodes can transmit duplicate PDCP SDUs over two different links. Therefore, downlink duplication for DRB is essential.
Observation 1: For the Non-split bearer option, downlink duplication for DRB is essential.
In uplink, theoretically, the new PDCP SDUs can be stopped submitting to the source cell after the UE has successfully accessed the target cell. But from the reducing interruption time point of view, it doesn’t seem to have many benefits. For example,  if the channel condition of the source cell is good, the new PDCP SDUs is allowed to continue to the SGW via the source cell which can keep end-to-end transmission without interruption in uplink[4]. 
Observation 2: For the Non-split bearer option, from the successful access to the target cell to the receipt of an explicit indication of detaching from the source cell, the duplication for new PDCP PDUs is beneficial for improving end-to-end transmission interruption in uplink.
According to above analysis, the duplication operation should be supported for both uplink and downlink of DRB, so as to improve the interruption performance during HO as much as possible.
Proposal 4: The DRB duplication for the Non-split bearer option should be supported to improve the interruption performance as much as possible.
The Non-split bearer option does not need to support dual RLM during handover, as after successfully accessing the target cell, there is no need to notify the network side or trigger the RRC re-establishment even if the RLF occurs in the source cell, but only the autonomous detaching from the source cell. Therefore, standardizing such behavior is not needed in RAN2.
Proposal 5: Simultaneous RLM on both links is not required. The RLM on source link maintains until the UE successfully accesses the target cell, and then the RLM on target link starts.
3. Proposals
According to the analysis in section 2, we have the following observations and proposals:

Proposal 1: To consider the Non-split bearer option with dual protocol stacks active at a time as a direction for further standardization.

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 the UE is allowed to return to the source cell if the access to the target cell fails and the source cell is available .
Observation 1: For the Non-split bearer option, downlink duplication for DRB is essential.
Observation 2: For the Non-split bearer option, from the successful access to the target cell to the receipt of an explicit indication of detaching from the source cell, the duplication for new PDCP PDUs is beneficial for improving end-to-end transmission interruption in uplink.
Proposal 4: The DRB duplication for the Non-split bearer option should be supported to improve the interruption performance as much as possible.
Proposal 5: Simultaneous RLM on both links is not required. The RLM on source link maintains until the UE successfully accesses the target cell, and then the RLM on target link starts.
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