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1. Introduction
In RAN#80 meeting, a new Work Item on even further mobility enhancement in E-UTRAN was agreed. According to description of the WID[1]:

The main objectives of this work item are to do the following enhancements:
· Specify further enhancements to achieve following targets, [RAN2/3]

· reduce user data interruption during handover, which targets as close as possible to 0ms, i.e. relaxed requirements could be considered. 

· improve the robustness during handover,

· Specify necessary core requirements for the identified solutions [RAN4]

In this contribution, we give our understanding and proposals on the requirements and potential solutions on reduction of user data interruption. 
2. Discussion
2.1. Requirement
For downlink data transmission, the 0 ms interruption time during handover requires the UE to receive data from the target eNB while still receiving data from the source eNB, this is essentially different from mobility enhancement of R14, as in R14, data can only be transferred over a radio link at any time, and once the UE is ready to send a RRC reconfiguration completion message towards the target cell, it will stop data transmission  in source eNB and reset the corresponding radio configuration. According to [2], the transmission of the RRC reconfiguration completion message probably requires the interruption delay of the 6ms. Therefore, in R14 the user data interruption during handover cannot achieve real 0ms and also could not achieve the goal which aims as close as possible to 0ms. Thus to meet the requirement, a solution similar to LTE DC should be studied in RAN2.
Observation 1: In R14 the user data interruption during handover is not real 0ms and it cannot achieve the goal which aims as close as possible to 0ms.
2.2. Candidate Options

To support a real 0ms interruption time during handover, a mechanism similar to LTE DC can be considered, according to discussions in previous meetings, a DC based solution (Option 1) was mentioned, as shown in the figure 1 below:
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Figure 1 the DC based solution
In this option, there are two phases. In phase 1, the target eNB is configured as the SeNB of the Dual Connectivity, so that when a split bearer is added, the original eNB still keeps the data transmission. In phase 2, the anchor change performs, which requires the change of the security key without L2 reset. This option can meet the above requirement of 0ms interruption latency.
Observation 2: The DC based solution can meet the requirements of 0ms interruption latency.
Another option (Option 2) is the optimization of the above DC-based solution, that is, to merge the two phases of the DC-based solution into one phase. For this option, the radio configuration information of the target cell and new security key are carried in same RRC Reconfiguration message. Upon the reception of this message, the UE will configure the new Leg with new security key while still keeping data transmission towards source cell. Once UE accesses to the target cell and start to transmit data via the new radio link with the target cell, based on a specific trigger, it will release the original radio link, as shown in the figure below:
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Figure 2 the optimized dual connectivity solution
Similarly, this option can meet the requirements of 0ms interruption latency. Additionally it has simpler signaling flow than option 1.
Observation 3: The optimized dual connectivity solution can meet the requirements of 0ms interruption latency and has a simpler signaling flow.
Since legacy DC mechanism is applicable to sync and async, inter- and intra-eNB, and inter-frequency deployment scenarios, it is obvious that the above two solutions are also applicable to these scenarios. In addition, for intra-frequency case, considering the co-channel interference in homogeneous networks is not so serious, with the two solutions there is no special requirement for this case. 
Observation 4: Both options are applicable to inter- and intra- frequency handover, inter- and intra- eNB handover, sync and async deployments.
2.3. Comparison
Based on the characteristics of two Options above, comparisons are given in Table-1. 

Table-1 Comparisons between Option 1 and Option 2

	
	Option 1 ( DC based solution)
	Option 2 ( Optimized dual connectivity solution )

	Specification impact
	PDCP(if needed), RRC, X2 AP 
	Same as Option 1

	Signaling saving
	5 RRC messages + 1 random access procedure
	Only 3 RRC messages + 1 random access procedure

	Handover time
	Consider two RRC reconfiguration procedures, it takes longer time than option 2
	There is only one RRC reconfiguration procedure, so handover time is short.

	Applicable Scenarios
	inter- and intra- frequency, asynchronization or synchronization case, inter- and intra- eNB handover
	Same as option 1


Proposal: RAN2 to study these two options (DC based solution and Optimized dual connectivity solution), and select one as the standardized target. 
3. Conclusion

According to the analysis in section 2, we have the following observations:

Observation 1: In R14 the user data interruption during handover is not real 0ms and it cannot achieve the goal which aims as close as possible to 0ms.
Observation 2: The DC based solution can meet the requirements of 0ms interruption latency.

Observation 3: The optimized dual connectivity solution can meet the requirements of 0ms interruption latency and has a simpler signaling flow.
Observation 4: Both options are applicable to inter- and intra- frequency handover, inter- and intra- eNB handover, sync and async deployments.

Additionally, we provide the following propose:
Proposal: RAN2 to study these two options (DC based solution and Optimized dual connectivity solution), and select one as the standardized target.
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5. Annex (From TR 36.881)
5.2.2
Handover latency [11]
As another example, based on discussion in Section 5.1.2, a simple assessment of sources of latency during handover execution is presented in Table 5.2.2-1. 

Table 5.2.2-1. Minimum/Typical radio access latency components (Rel. 8/Rel. 9) during handover

	Component/ Step
	Description
	Time (ms)

	7
	RRC Connection Reconfiguration Incl. mobilityControlInfo
	15

	8
	SN Status Transfer
	0

	9.1
	Target cell search
	0

	9.2
	UE processing time for RF/baseband re-tuning, security update
	20

	9.3
	Delay to acquire first available PRACH in target eNB
	0.5/2.5

	9.4
	PRACH preamble transmission
	1

	10
	UL Allocation + TA for UE
	3/5

	11
	UE sends RRC Connection Reconfiguration Complete
	6

	
	Minimum/Typical Total delay [ms] 
	45.5/49.5
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