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1
Introduction

At the RAN#80 meeting in June 2018, a new Rel-16 WI was approved [1] with the purpose to further enhance LTE mobility by reducing handover interruption time and improve mobility robustness. 

At the RAN2#105 meeting it was agreed to specify the “non-split bearer” candidate solution (a.k.a. the enhanced Make-Before-Break solution) for the Rel-16 E-UTRA enhancements minimizing the interruption time during mobility.
1
Specify the ”non-split bearer” solution candidate for the Rel-16 E-UTRA enhancements minimizing the interruption time during mobility.

In this contribution we discuss some stage-2 principles for enhanced Make-Before-Break HO preparation in E-UTRAN.
2
Discussion

2.1. 
Enhanced MBB in Rel-16
Even if MBB and RACH-less HO (both concepts introduced in Rel-14) are combined in the same handover procedure, it is still not possible to accomplish seamless mobility, i.e. true 0ms HO interruption time, in all scenarios. In order to meet this target, the UE need to maintain the connection with the source eNB until the connection to the target eNB is successfully established.

In other words, the UE need to keep its connection with the source cell until it is able to receive and transmit packets in the target cell. In principle, this means that the source eNB, after sending the RRCConnectionReconfiguration message (Handover Command) to the UE, continues to send and receive packets to/from the UE until the UE is able to receive and transmit packets in the target cell.

Observation 1: Transmission will continue on source cell after sending HO Command to the UE

The proposed implementation to support 0ms HO interruption time by means of an enhanced MBB procedure using a single active protocol stack solution is illustrated in Figure 1 below.
This contribution is focusing on the HO preparation, which is similar in single active protocol stack and in dual active protocol stack. Therefore, only steps 3 to 4 are described in detail, and the highlighted parts will be discussed in the next chapters. 
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Figure 1 Enhanced MBB procedure to support 0ms HO interruption time.
The key steps to support 0ms HO interruption time by means of enhanced MBB procedure are as follows:

Step 1-2:
The source eNB decides to request for a handover with enhanced MBB, thus a HANDOVER REQUEST message with an enhanced MBB indicator is sent to the target eNB. 

Step 3-4:
As in legacy, the target eNB performs admission control and generates the RRCConnectionReconfiguration message (Handover Command) to be sent by the source eNB to the UE. The presence of an eMBB indicator in the RRC message serves as a request to the UE to perform a handover with enhanced MBB.


If some MBB Rel-16 specific interaction is needed between source and target node (e.g. duplication check), the source eNB need to know whether the target eNB supports enhanced MBB for each individual handover request. For that purpose, an “enhanced MBB support indicator” (or similar) may be needed in the HANDOVER REQUEST ACK message.
2.2
Handover Preparation 

From a signalling point of view, it can be seen that HO preparation is identical to legacy HO preparation, including rel-14 Make-Before-Break HO preparation. Therefore, it is proposed that the existing Handover Preparation procedure is taken as baseline.
Proposal 1: Reuse existing Handover Preparation procedure for enhanced Make-Before-Break HO preparation

However, some aspects of the enhanced Make-Before-Break are different from legacy HO such as:

-
Transmission will continue on source cell after sending HO Command to the UE

-
UP packets may be send from both nodes
-
Duplication detection may be needed
-
Etc…

It can be seen that the target node eNB needs to perform actions which may differ from legacy HO (e.g. duplication check). As a result, the target eNB needs to know that the HANDOVER REQUEST message is related to an enhanced Make-Before-Break. A simple way to achieve this goal is to introduce a new “enhanced Make-Before-Break” indicator in HANDOVER REQUEST message.
Proposal 2: Add a new “enhanced Make-Before-Break” indicator in HANDOVER REQUEST message
Similarly, as dedicated actions from the source might be needed, source node needs to support and accept the enhanced Make-Before-Break. Therefore, an indicator in the HANDOVER REQUEST ACKNOWLEDGE message is also needed.
If the source access node, for whatever reason does not support and cannot accept the enhanced Make-Before-Break, it cannot signal the desired fall-back mechanism to be used in case the target access node rejects the enhanced Make-Before-Break request. It may result in additional delay for the UE to be handed over to a new node (i.e. the source node may need to start a new Handover procedure towards the same or another target node).

For all these reasons, it is beneficial to enhance the HANDOVER REQUEST ACKNOWLEDGE message with information on the enhanced Make-Before-Break in order to avoid additional delay for the UE to be handed over. 

Proposal 3: Enhancements to the HANDOVER REQUEST ACKNOWLEDGE message is needed
3
Conclusion

In this contribution the Enhanced Make-Before-Break solution (also known as non-split bearer solution) has been described, and the following observations and proposals have been discussed for the HO preparation part:
Observation 1: Transmission will continue on source cell after sending HO Command to the UE
Proposal 1: Reuse existing Handover Preparation procedure for enhanced Make-Before-Break HO preparation
Proposal 2: Add a new “enhanced Make-Before-Break” indicator in HANDOVER REQUEST message
Proposal 3: Enhancements to the HANDOVER REQUEST ACKNOWLEDGE message is needed
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