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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 data forwarding 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: To achieve seamless handover, the network needs to provide the UE with a continuous DL data stream throughout the handover execution phase

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 data forwarding. Therefore, only steps 6-7 are described in detail.
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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 3-5:
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.

Step 6-7:
The source eNB applies early start of DL data forwarding to the target eNB while it continues to send and receive PDCP PDUs to/from the UE. As in legacy, the exact point in time when the source eNB starts data forwarding is left for implementation.

The source eNB does not apply any form of selective data forwarding, i.e. as a simple approach, all DL PDCP SDUs arriving from the Serving Gateway (SGW) are sent to the UE and forwarded in sequence to the target eNB.

Since all DL PDCP SDUs are forwarded to the target eNB it is sufficient to indicate the PDCP SN of the first forwarded DL PDCP SDU, which can be done using the SN STATUS TRANSFER message. The SN STATUS TRANSFER message also need to be sent to convey HFN transmitter status for COUNT preservation in the target eNB. 

Sending the SN STATUS TRANSFER message at this point (before the transmission/reception to/from the UE has been stopped) only conveying the SN of the first forwarded DL PDCP SDU and HFN transmitter status is clearly a deviation from legacy behavior in which case the X2AP message is only sent after the source eNB considers the transmitter/receiver status to be frozen. Obviously, the conditions for sending the SN STATUS TRANSFER message when enhanced MBB is configured need to be discussed in RAN3.

Forwarding of DL PDCP SDUs will continue until the “end marker” packet is received from the SGW on the old path as a result of the DL path switch request triggered by the target eNB.

It is assumed that the source eNB continues to send UL PDCP SDUs to the SGW on the old S1-U path until the “end marker” packet is received from the SGW, although forwarding of UL data to the target eNB (i.e. like forwarding of DL data) is also a possible solution. 
2.2
Data Forwarding 

Data forwarding can either be triggered at an early stage in the handover procedure as in a legacy handover (when receiving the HANDOVER REQUEST ACKNOWLEDGE message from the target eNB or at the point when sending the Handover Command to the UE), or data forwarding can be triggered at a later stage in the handover execution phase, e.g. when the UE performs random-access in the target cell. In the latter case the data forwarding is either triggered by the target eNB sending an indication over X2 to the source eNB, or by the UE transmitting an Uu message to the source eNB.

Important to consider here is that the target eNB can start DL transmission immediately when the UE has completed the handover to the target cell. Even if a UE with dual active protocol stacks is potentially able to continuously receive DL data from the source eNB after completing the handover in the target cell, the UE is most likely on the cell edge of the source cell, thus the radio conditions to/from the source cell would not be ideal, causing unnecessary delays/interruptions in the DL data flow to the UE.

Observation 2: Ideally, the UE starts receiving DL data from the target eNB immediately after completing the handover

Starting data forwarding late in the handover execution phase, e.g. when the UE performs random-access in the target cell, benefits from the fact that a smaller amount of DL PDCP duplications will be sent and buffered in the target eNB compared to an early start of data forwarding. However, a difficult part with the late start of data forwarding is the time aspect since the start of data forwarding in the source eNB relies on a message either sent from the target eNB or from the UE when it accesses the target cell. On top of this, the X2 latency must be considered which in many deployments (using non-ideal backhaul) may exceed 10ms.
It means, if data forwarding is triggered by the target eNB sending an indication to the source eNB over X2, the target eNB may experience a round-trip delay beyond 20ms before it starts to receive DL PDCP SDUs from the source eNB.

On the other hand, if data forwarding is triggered by the UE sending a Uu message to the source eNB during the random-access procedure, weak radio conditions to/from the source cell may force the UE to re-send the message multiple times before it is successfully received by the source eNB, thus delaying the start of data forwarding. In even worse radio conditions, the message from the UE may not even be received by the source eNB.

Observation 3: A late start of data forwarding implies less DL PDCP duplications sent to the target eNB. On the other hand, a late start of data forwarding need to take the X2 transmission latency into account

Starting data forwarding at an early stage (e.g. when sending the Handover Command to the UE) means that more DL PDCP duplications will be sent and buffered in the target eNB compared to a late start of data forwarding. Still, compared to a legacy handover, the number of forwarded and buffered packets in the target eNB at early data forwarding will not exceed the number of buffered packets in the target eNB at a legacy handover.

On the other hand, with the early start of data forwarding the target eNB can always start DL transmission immediately when the UE has completed the handover to the target cell.

Observation 4: With an early start of data forwarding the target eNB can always start DL transmission immediately when the UE has completed the handover to the target cell

It is clear that the number of DL PDCP duplications buffered in the target eNB will increase with an early start of data forwarding and sending of duplicated packets on the radio interface will have a bad impact to user experience, thus it should be avoided.

However, this can be resolved if a PDCP duplication check is performed in the target eNB before transmitting the DL PDCP PDUs to the UE. The PDCP duplication check in the target eNB is based on the PDCP Status Report sent by the UE together with, or directly after, the transmission of the RRCConnectionReconfigurationComplete message (Handover Complete) in the target cell.

Given the DL PDCP duplication check is done in the target eNB, we think that an early start of data forwarding is more reliable compared to a late start of data forwarding. The gain from a late start of data forwarding (less DL PDCP duplications sent and buffered in the target eNB) is overshadowed by the X2 latency and the obvious risk of an interruption in the DL data stream to the UE.

Proposal 1: Agree on early start of data forwarding when enhanced Make-Before-Break (MBB) is configured. Early start of data forwarding is equivalent to the legacy definition of data forwarding initiation
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 data forwarding part:
Observation 1: To achieve seamless handover, the network needs to provide the UE with a continuous DL data stream throughout the handover execution phase
Observation 2: Ideally, the UE starts receiving DL data from the target eNB immediately after completing the handover
Observation 3: A late start of data forwarding implies less DL PDCP duplications sent to the target eNB. On the other hand, a late start of data forwarding need to take the X2 transmission latency into account
Observation 4: With an early start of data forwarding the target eNB can always start DL transmission immediately when the UE has completed the handover to the target cell
Proposal 1: Agree on early start of data forwarding when enhanced Make-Before-Break (MBB) is configured. Early start of data forwarding is equivalent to the legacy definition of data forwarding initiation
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