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1.  Introduction
The work item “Further mobility enhancements in LTE” was approved at RAN Plenary #71 [1]. The objective of this work item includes
· To study following aspects and specified identified solution(s) to minimize service interruption in mobility events  for both ideal and non-ideal backhaul scenarios, including [RAN2/RAN3]:

· Make before break for mobility event e.g. handover in case of DC and CA or SCG change 
· Potentially down select between solution 1(RACH-less handover) and solution 2 (Maintaining Source eNB Connection during Handover) in section 8.3 of TR 36.881v050.
In this contribution, we provide our views on the potential solutions to minimize service interruption.
2. Latency analysis
Service interruption time in handover can be defined as the duration between the time when UE stops transmission/reception with the source eNB and the time when target eNB resumes transmission/reception with the UE. The U-plane latency components of handover in current LTE systems is provided in [2]. The latency component can include RRC procedure delay, UE processing time, RACH procedure and RRCConnectionReconfigurationComplete. The typical time value for each latency component is listed in Table 1. The latency can amount to more than 40ms in total. Among these latency components, RACH procedure including delay to acquire first available PRACH in target cell, PRACH preamble transmission and UL allocation + TA and UE processing time contribute considerably to the total latency.
Table 1. Minimum/Typical radio access latency components during handover

	Latency components
	Time (ms)

	RRC Connection Reconfiguration Incl. mobilityControlInfo
	15

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

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

	PRACH preamble transmission
	1

	UL Allocation + TA for UE
	3/5

	UE sends RRC Connection Reconfiguration Complete
	6

	Minimum/Typical Total delay [ms] 
	45.5/49.5


3. Potential solutions
Service interruption, which occurs during handover and lasts at least several tens of milliseconds, may have significant impact on user experiences. In dense deployment, as the ISD decreases, the mobility events (e.g. handover, SeNB change) take place more frequently, which may exaggerate the problem of service interruption. Therefore minimization of service interruption is necessary, especially for dense networks. The potential solutions to minimize the service interruption were studied in [2].
The solution of RACH-less handover can be introduced to reduce the service interruption time. A RACH attempt procedure during handovers typically takes ~10~12 ms. An average handover procedure takes ~40~50 ms to complete. Eliminating ~10~12 ms of RACH delay during a handover procedure can significantly reduce the data interruption during handovers and improve the user experience. However, RACH-less handover requires the source cell, the target cell and the UE are synchronized. For ideal backhaul, synchronization can easily be achieved between the target cell and the source cell. In case of non-ideal backhaul between the source cell and the target cell, additional effort is needed and signaling exchange between the source cell and the target cell is necessary in order to acquire synchronization between these two cells. In current LTE handover, one of the purposes of RACH procedure is to obtain TA for UL synchronization. In the absence of RACH procedure, UE may be able to obtain the target cell TA without explicit TA command when the source cell and the target cell are time synchronized. The detailed method is explained in [2]. Another impact of RACH-less handover is the initial value of PUSCH transmission power control, which may have some impact in RAN1.
Observation 1: The solution of RACH-less handover requires the source cell, the target cell and the UE are synchronized. In case of non-ideal backhaul between the source cell and the target cell, additional effort is needed and signaling exchange between the source cell and the target cell is necessary in order to acquire synchronization between these two cells. There is some impact in RAN1 about the initial value of PUSCH transmission power control.
Another solution is maintaining Source eNB Connection during handover. This solution can reduce data interruption during handover by not releasing the connection to the source eNB until handover is completed at the target eNB. Continuous transmission of user data from source cell well after handover procedure start can significantly improve the user experience. However, this solution, somehow like “make before break”, requires that the UE monitor both source and target links simultaneously, which is similar to Dual Connectivity on the same frequency. In current specifications, UE cannot transmit simultaneously to the source cell and the target cell on the same frequency. The solution requires multiple RF chains at least on downlink while uplink may require changes such as TDM operation. Compared with the solution of RACH-less handover, the solution of maintaining Source eNB Connection during handover has significant impact on the physical layer procedures which needs to be studied in RAN1.

Observation 2: The solution of maintaining Source eNB Connection during handover requires multiple RF chains at least on downlink while uplink may require changes such as TDM operation. The solution has significant impact on the physical layer procedures which needs to be studied in RAN1.
Service interruption may also occur during SeNB change of dual connectivity. The two potential solutions discussed above can also be applied to the case of SeNB change to minimize service interruption. 
Observation 3: The solution of RACH-less and the solution of maintaining Source eNB Connection during handover can be applied to SeNB change of dual connectivity. 
Proposal: Down selection between the two solutions should take the above observations into account.
4. 
Conclusions
In this contribution, the latency of handover is analysed and the views on potential solutions to minimize the service interruption are provided. We have following observations and proposal.
Observation 1: The solution of RACH-less handover requires the source cell, the target cell and the UE are synchronized. In case of non-ideal backhaul between the source cell and the target cell, additional effort is needed and signaling exchange between the source cell and the target cell is necessary in order to acquire synchronization between these two cells. There is some impact in RAN1 about the initial value of PUSCH transmission power control.
Observation 2: The solution of maintaining Source eNB Connection during handover requires multiple RF chains at least on downlink while uplink may require changes such as TDM operation. The solution has significant impact on the physical layer procedures which needs to be studied in RAN1.
Observation 3: The solution of RACH-less and the solution of maintaining Source eNB Connection during handover can be applied to SeNB change of dual connectivity. 
Proposal: Down selection between the two solutions should take the above observations into account.
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