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1 Introduction

In RAN2#96 meeting, the mechanism for how to realize zero ms UP interruption time was initially discussed [1], and following agreements were reached.

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

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

And in RAN2#97 meeting, the issue was further discussed in RAN2 [2, 3], and RAN2 concluded that RAN2 will aim to define HO for NR with 0ms interruption at least for the case that the UE supports simultaneous Tx/Rx with source cell and target cell during HO. 
In this contribution, we try to discuss the issue based on the evaluation results of LTE handover latency, and further discuss the potential solution for handover latency optimization based on DC. 
2 Discussion 
A simplified flow chart for LTE handover is shown in Figure 1. As is indicated in the figure, the handover is executed from step 7 to step 11, which means the date transmission is interrupted during this time period.
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Figure 1. Simplified handover procedure

Based on the evaluation results of latency reduction study item in LTE, the latency for each step is shown in table 1 below. As indicated in the table, the total number for handover latency with some realistic assumption is 50ms. And within this period, synchronization and UL TA acquisition occupy 29ms, while UE processing and transmission for RRC Connection Reconfiguration as well as RRC Connection Reconfiguration Complete occupy 21ms. And neither one of this two part should be neglected when the optimization mechanism is discussed.
Observation 1: Both RACH procedure and RRC processing lead to the handover interruption time for data transmission.
	Steps
	Latency

	Step7: RRC Connection Reconfiguration
	15ms

	Step8: SN Status Transfer
	0ms

	Step9: Synchronization
	Step 9.1: Target cell search
	0ms

	
	Step 9.2: UE processing time for RF/baseband re-tuning
	20ms

	
	Step 9.3: Delay to acquire first available PRACH
	5ms

	
	Step 9.4: PRACH preamble transmission
	1ms

	Step10: UL Allocation + TA
	3ms

	Step11: RRC Connection Reconfiguration Complete
	6ms

	Total: 
	15ms+29ms+6ms=50ms


Table 1. Summary of latency for each step based on email discussion
From Table 1, it is clearly shown that the interruption time is caused by RRC reconfiguration and synchronization in downlink and uplink, including MAC reset, RLC/PDCP reconfiguration, UE RF processing, baseband re-tuning, RACH, etc. 
If there are two links established to both source eNB and target eNB, it is possible that the zero ms latency requirements could be satisfied with proper procedure design to keep at least one link work when another link is performing reconfiguration, synchronization, TA acquisition, etc.

In LTE, DC is introduced to allow UE have two links established to both source and target eNBs. However, if UE would like to change the master because of the mobility, the UE need to perform the handover in the legacy way, and the MeNB and all SeNBs connected are required to be released.

Observation 2: The latency of interruption time for mobility between masters based on current DC procedure is the same as the legacy LTE.

In NR, for the handover procedure, at the initial stage, the source cell at source gNB could add target cell as the Scell. Then Source gNB could initiate handover procedure with target gNB to switch the anchor of DC from source gNB to the target gNB. During this procedure, the data transmission of UE could be kept by either source gNB or target gNB or both. After finishing the handover, the source gNB which has already been changed from MgNB to SgNB could be released if the current MgNB considers the link is not necessary. The brief procedure is indicated as follows.
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Proposal 1: It’s proposed to optimize the handover execution procedure of DC to meet the zero ms latency requirements for NR.

Besides, there is no requirement for zero ms interruption time for LTE-NR interworking. However, considering LTE-NR interworking will be deployed as the first version of NR, and will also be proposed as part of ITU submission, thus

Proposal 2: It’s proposed to also support the optimization of DC based handover for satisfying zero ms latency interruption time when performing LTE-NR interworking.
3 Conclusions:

In this contribution, the handover issues and corresponding optimizations for NR are discussed and following proposals are provided:
Proposal 1: It’s proposed to optimize the handover execution procedure of DC to meet the zero ms latency requirements for NR.

Proposal 2: It’s proposed to also support the optimization of DC based handover for satisfying zero ms latency interruption time when performing LTE-NR interworking.
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