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1. Introduction

In RAN2#90, LTE handover latency was discussed and it was agreed to analyze the causes of latency and to study reduction techniques [1, 2]. 

In this contribution, we discuss the data interruption during handover which can cause latency at higher layers and discuss improvements to reduce this latency.
2. Discussion
A simplified call flow for LTE Handover is shown in Figure 1. Here, data interruption is also defined to be the delay between the last PDU reception from the source eNB and the first PDU reception from the target eNB. 
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Figure 1: Data Interruption during Handover
Measurements from current LTE networks show that the data interruption is in the range of 60-100ms and even higher when contention-based RACH is used at the target eNB. As shown in the figure, the interruption is caused by RRC Configuration and RACH. 
It was remarked in RAN2#90 [1] that the UE should be able to receive data from the source eNB while doing RRC Reconfiguration. This is feasible in theory; however the current specification requires that the UE resets MAC and reestablishes PDCP upon receiving the HO command and thus it is necessary to change this behavior to allow the UE to continue using the L2 with the source eNB. 

Observation 1: It is feasible to allow UE to continue data transmission with the source eNB during RRC Reconfiguration by delaying the MAC reset.
This idea can be taken a step further to allow data link with the source even when UE performs RACH at the target eNB. Since the RACH access delay is usually much larger, especially with contention-based, further reduction of data interruption can be gained. Thus, the UE will reset MAC only after successful completion of RACH at the target eNB. This requires that the UE monitor both source and target links simultaneously, which is similar to Dual Connectivity on the same frequency. 

Observation 2: Data interruption during handover can be completely eliminated if the UE can continue data transmission at the source eNB while performing RACH at the target eNB.

To continue the data transmission with the source eNB, the UE should send CSI and HARQ feedback. However, if the radio link quality becomes bad, this shouldn’t force the UE to declare RLF since that would trigger RRC Connection Re-establishment. Therefore, RLM for the source eNB needs to be suspended until the end of handover (success or failure).  This has the additional benefit of returning back to the source eNB if handover fails.

When RACH is completed successfully at the target eNB, the source eNB should be made aware that it can stop transmissions to the UE. This indication can come from the UE or from the target eNB with the X2 option being more efficient due to better reliability.
Observation 3: The source eNB should be informed of successful handover, preferably via X2.
A call flow for the handover with above considerations is shown in Figure 2:
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Figure 2: Handover while keeping source eNB link

The handover latency can also be reduced if the UE can bypass RACH and access the target eNB directly. This requires that the Timing Advance (TA) and uplink resources should be provided to the UE during Handover preparation. For small cells, the TA may not be needed; however for large cells, measurements by either UE or target eNB should be done before the handover to determine path loss delay between them.
Observation 4: Handover latency can be reduced if RACH at the target eNB can be eliminated by providing TA and uplink resources during handover preparation. Mechanisms for this change can be studied by RAN2 and RAN1.
Based on the discussion, we propose that:
Proposal: Capture the analysis and benefits of the discussed handover improvements in the TR

3. Conclusions and Proposals
In this contribution, we discussed the latency and data interruption during LTE handover and observed the following:

Observation 1: It is feasible to allow UE to continue data transmission with the source eNB during RRC Reconfiguration by delaying the MAC reset.

Observation 2: Data interruption during handover can be completely eliminated if the UE can continue data transmission at the source eNB while performing RACH at the target eNB.

Observation 3: The source eNB should be informed of successful handover, preferably via X2.

Observation 4: Handover latency can be reduced if RACH at the target eNB can be eliminated by providing TA and uplink resources during handover preparation. Mechanisms for this change can be studied by RAN2 and RAN1.
Based on these, we propose that

Proposal: Capture the analysis and benefits of the discussed handover improvement in the TR
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