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1 Introduction
In RAN#80, the work item on Even further Mobility enhancement in E-UTRAN was approved and subsequently updated in RAN#81 [1]. Objectives of this WI includes the following:

	· Specify further enhancements to achieve following targets, [RAN2/3]

· reduce user data interruption during handover, which targets as close as possible to 0ms, i.e. relaxed requirements could be considered. 

· improve the robustness during handover,

· Specify necessary core requirements for the identified solutions [RAN4]


In RAN2#103bis, RAN2 identified two solutions: the split bearer approach and the non-split bearer approach. Subsequently in RAN2#105, it was agreed to specify “non-split bearer” solution candidate for Rel-16 EUTRA enhancements minizing the interruption time during mobility. Additionally some initial agreements were made for common aspects of “non-split bearer” solution candidate as follows: 

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.

In RAN2#105bis, an offline discussion resulted in outcome that the solution will be modeled as single PDCP entity on the UE side. We think that robustness of signaling is a necessary requirement to minimize interruption. This contribution proposes an approach that addresses reliability of the signalling which enables reduced interruption mobility procedure for LTE. 
2 Reducing Data Interruption during Handover in LTE
2.1 Latency for the Mobility Procedure

Discussions on latency reduction for the LTE HO procedure have focused on user plane data interruption. Approaches based on simultaneous transmissions for user plane data in both source and target cell have been discussed as a possible means to mitigate any interruption possibly caused by the make-before-break approach.
In terms of minimizing interruption time, the handover procedure can be modelled into three phases, independently of the solution applied:
· Phase 1: The UE is RRC connected to the source eNB and active in transmissions for the Uu of the source cell;

· Phase 2: The UE starts synchronizing to the target cell, and possibly initiates data transmissions;

· Phase 3: The UE moves the RRC connection to the target cell and completely releases resources of the source cell. 

The UE may transmit a measurement report, and receive an RRC reconfiguration message over the Uu of the source cell that initiates a transition to phase 2 to trigger an access to the target cell. In the non-split bearer case, the reconfiguration may include the mobilityControlInformation with the makeBeforeBreak indication. If the reconfiguration procedure or target cell access fails, the UE determines that a failure has occurred and initiate the cell (re-)selection and re-establishment procedure. In this case, the low latency mobility procedure is not only unsuccessful, but also additional user plane data interruption is incurred. In other words, solutions to lower the latency of the mobility procedure are at least in part dependent on the reliability of the reconfiguration procedure.  
A necessary requirement to any latency improvement is thus the overall robustness of the mobility procedure. A HO failure leading to cell re-selection and subsequent re-establishment of the connection is much more costly in terms of user plane interruption than any other aspects.

Proposal 1:
The handover procedure for reduced interruption time shall target the same reliability as the handover procedure with robustness improvements.

The network implementation can minimize the probability of HO failure e.g., by using a conservative configuration for the triggers for the measurement reporting, by issuing HO command earlier than for other UEs with less stringent reliability requirements, or other similar approaches. However, such is highly dependent of the network deployments in terms of coverage and of the UE mobility and may lead to handovers being triggered earlier than necessary including back and forth between different cells. It also requires much implementation complexity while not entirely guaranteeing that no measurement reports or handover commands will be lost.
The solutions discussed in the context of robustness improvement of handover procedure also targets a similar objective (i.e. improve chances of successful RRC reconfiguration). The solution agreed for robustness improvements is conditional handover. Enhancements for user plane latency reduction should then support a network-controlled procedure for a UE-initiated conditional reconfiguration using a RRC reconfiguration with the mobilityControlInfo message that the UE has previously received from the source eNB, e.g. similar to the conditional handover procedure. This can be achieved by configuring a trigger condition along with the RRC reconfiguration that enables the start of the 0ms mobility procedure.
Proposal 2:
The UE supports a combined conditional handover and 0ms interruption mobility solution to minimize any interruption due to handover failure.
3 Conclusion

In this contribution, we discussed solutions to reduce interruption time during LTE handover procedure and  based on the discussions the following proposals were made:

Proposal 1:
The handover procedure for reduced interruption time shall target the same reliability as the handover procedure with robustness improvements.

Proposal 2:
The UE supports a conditional combined conditional handover and 0ms interruption mobility solution RRC command to minimize any interruption due to handover failure.
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