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1 Introduction
During RAN2 #96 meeting, how to realize ‘0ms’ UP interruption in NR was discussed, and following agreements were made.

Agreements

1
The mobility enhancement similar to that discussed for LTE (“Maintaining Source eNB connection during handover”) should be considered also for NR.

2
For DC (NR-NR), study how to reconfigure the UE from an MeNB to an SeNB to target the ‘0ms’ UP interruption. FFS whether also applicable to LTE-NR

In [1], one possible solution for mobility enhancement for ‘0ms’ interruption in NR scenarios was given. In this contribution, we further discuss when is the proper time-being to trigger data forwarding and SN status transfer, if ‘0ms’ interruption HO is desired to be applied. 
2 Discussion

2.1 Background

In the current implementation of LTE HO, the status transfer and packet forwarding are triggered, once the source gNB has received the HO request ACK from the target gNB, marked as the red lines drawn in Figure 1. This point was further elaborated in mobility enhancement study for LTE [2], where two options are considered by RAN3 as below,

· Option 1: The source eNB starts data forwarding when it decides to stop exchanging data with the UE. The timing for starting data forwarding is determined by an implementation dependent method. The source eNB sends legacy SN Status Transfer message to the target eNB.

· Option 2: After sending RRC message triggering the handover procedure, the source eNB can continue transmitting data over the air, and forwarding the data over X2-U towards the target eNB concurrently. 

According to the RAN3 #95 meeting agreement on make-before-break HO for LTE, data forwarding for make-before-break is possible and allowed by implementation without standard impact, which may imply that the data forwarding could be triggered at a time moment chosen by vendors themselves. In [1], one possible solution of realizing Make-Before-Break HO for NR was presented, where the status transfer and packet forwarding are triggered after UE finishes synchronizing and random access procedures to the target gNB. The difference between the current LTE implementation and the solution presented in [1] has been highlighted with the brown dashed line with arrows at the end shown in Figure 1.

The requirement of achieving ‘0ms’ interruption time during the HO for the UE is that dual RF or TDM coordination can be used by the UE to support simultaneous Tx/Rx operation with the source cell and target cell during HO. However, satisfying the requirement only is not sufficient to achieve the ‘0ms’ interruption during the HO: the radio link between the source gNB and the UE should be maintained also while UE is establishing the connection with the target gNB, which may not be possible for a typical scenario where the UE is leaving the coverage of the source gNB and entering the coverage area of the target gNB. The far the UE goes, the more likely the connection between the source gNB and the UE may fail. 
In case the connection between the source gNB and the UE fails, if the data forwarding is not triggered until the target gNB informs the source gNB of the success of the HO as shown in Figure 1 and [1], even though UE establishes connection with the target gNB in time, interruption to the service is visible. This interruption is the result of the time consumed in routing the packets residing in the buffer of the source gNB towards the target gNB, processing of the packets to be stored at the target gNB buffer, etc. 
Observation 1:  in case the connection between the source gNB and the UE fails, if the data forwarding is not triggered until the target gNB informs the source gNB of the success of the HO as shown in Figure 1 and [1], even though UE establishes connection with the target gNB in time, interruption to the service is visible.
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Figure 1 Change of the timing of the SN Status Transfer and Data forwarding in an example of Make-Before-Break HO for NR, given by [1]

2.2 Data available at the target gNB ASAP
Based on the fact that the radio link between the UE and the source gNB may fail at any time when the UE is synchronizing or random access to the target UE, in order to achieve the objective, reducing the interruption time as maximum as possible, the downlink data should be available to be transmitted to the UE at the target gNB before the UE finishes the random access process to the target gNB, or more stringently, only a short period after the target gNB transmits the HO command to the source gNB, once the RACH-less HO procedure is used simultaneously with the Make-Before-Break HO. Note that in RACH-Less HO scenarios, the UL grant for requesting the target gNB to begin transmitting downlink data could be available to the UE immediately after the UE finishes the RRC Connection Reconfigure (the step 7 illustrated in the Figure 1). Also, note that the UE could be configured with Make-Before-Break HO and RACH-less HO simultaneously, according to the recent mobility enhancement made for the LTE [3]. Such implementation may be reused for NR. 

Bearing in mind that the time moment of UE finishing the RACH to the target gNB is non-transparent to the source gNB for the RACH-required cases. In addition, for the RACH-less cases, the time moment when the UL grant will be available for sending RRCConnectionReconfigurationComplete message to the target gNB from the UE and the subsequent downlink data transmission from the target gNB to the UE is unknown to the source gNB also. Therefore, we observe that it is necessary to trigger the source gNB to forward the downlink data to the target gNB as early as possible, once the source gNB has received the HO request ACK from the target gNB. To achieve this, we propose that packet forwarding and status transfer should be triggered when the source gNB has received the HO request ACK from the target gNB.
From the analysis above, we can conclude that the choice of the time moment to trigger packet forwarding and status transfer has influence on the continuity of the ongoing service during HO, which may affect the performance of RAN in URLLC use cases, one of the important NR scenarios. As a result, we propose RAN2 to have a further discussion on this topic. 
Observation 2: triggering the source gNB to forward the downlink data to the target gNB as early as possible, once the source gNB has received the HO request ACK from the target gNB, could reduce the interruption during HO, if the connection between source gNB and UE fails.
Proposal 1: packet forwarding and status transfer should be triggered when the source gNB has received the HO request ACK from the target gNB.
Proposal 2: we propose RAN2 to have a further discussion on this topic.
3 Conclusions

In this contribution, we discuss when is the proper time-being to trigger data forwarding and SN status transfer for mobility enhancement for ‘0ms’ interruption in NR scenarios.
Observation 1:  in case the connection between the source gNB and the UE fails, if the data forwarding is not triggered until the target gNB informs the source gNB of the success of the HO as shown in Figure 1 and [1], even though UE establishes connection with the target gNB in time, interruption to the service is visible.

Observation 2: triggering the source gNB to forward the downlink data to the target gNB as early as possible, once the source gNB has received the HO request ACK from the target gNB, could reduce the interruption during HO, if the connection between source gNB and UE fails.
We propose:

Proposal 1: packet forwarding and status transfer should be triggered when the source gNB has received the HO request ACK from the target gNB.

Proposal 2: we propose RAN2 to have a further discussion on this topic.
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