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1 Introduction 
In the RAN2#91 meeting, one solution on reducing the handover latency/interruption was discussed [1]. In this contribution, we analyze the detailed steps of handover, which contribute to the handover latency. A potential solution is also proposed to reduce the handover latency.
2 Discussion
2.1 Handover analysis
2.1.1 Handover interruption component
According to 36.912 [2], the handover delay component can be illustrated in the following diagram:
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Figure 1: Overview of handover interruption
Upon receiving the HO Command, the UE will stop the data reception from the source cell after processing the HO Command. During the HO Command processing which can be up to 15TTI [3], the UE could still be able to receive data from the source cell. The data forwarding can be performed at the same time when sending the HO Command. Then the handover interruption components include the following steps:
Radio Sync
The radio synchronization time include the time required to search the target cell when the target cell is not already known when the handover command is received by the UE, and the time required for baseband and RF alignments [4].
Random access
The Random access procedure is triggered to acquire the UL synchronization. 
2.1.2 Current performance of handover interruption
Table 1: Typical U-Plane interruption (Rel. 8/Rel. 9) of handover
	Component
	Description
	Time [ms]

	1
	Radio Synchronisation to the target cell
	20

	2
	Average delay due to RACH scheduling period (1ms periodicity)
	0.5

	3
	RACH Preamble
	1

	4-5
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment) 
	5

	6
	Decoding of scheduling grant and timing alignment
	2

	7
	Transmission of DL data
	1

	
	Total delay
	29.5


According to [4], the time required to search the target cell can be “0” if the target cell is known, and the time required for baseband and RF alignments is 20ms. In [4], “a cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds otherwise it is unknown”. 
Observation 1: During handover, the radio sync interruption is mostly caused by the baseband and RF alignments.

According the Figure 1, the DL data can only be sent to the UE after the UL synchronization, in order to get the HARQ feedback from the UE. 
Observation 2: During handover, the DL data can only be sent to the UE after the UL synchronization.
Here we have a text proposal giving the handover interruption analysis in the Annex A.

Proposal 1: To capture the text proposal on handover interruption analysis in TR 36.881.
2.2 Handover improvement
According to the analysis given above, the handover interruption is mostly caused by the baseband and RF alignments, almost 68% of the interruption. However to reduce such interruption would require a more advanced RF module which should be designed and confirmed by RAN4. As such, RAN2 should focus on reducing the interruption caused by the UL synchronization. 
Here we consider that if the TA value to the target cell is obtained before receiving the HO command, the UE can acquire the UL synchronization at the same time when acquiring the DL radio synchronization. Then the UP interruption can be reduced. A text proposal regarding the early UL synchronization is given in Annex B.
Proposal 2: RAN2 is kindly request to study the solution of reducing the handover interruption by early UL synchronization, and capture the solution in TR 36.881.
3 Conclusion
According to the analysis given above, we have the following Observations and Proposals:
Observation 1: During handover, the radio sync interruption is mostly caused by the baseband and RF alignments.
Observation 2: During handover, the DL data can only be sent to the UE after the UL synchronization.
Proposal 1: To capture the text proposal on handover interruption analysis in TR 36.881.

Proposal 2: RAN2 is kindly request to study the solution of reducing the handover interruption by early UL synchronization, and capture the solution in TR 36.881.
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5 Annex A
5.x
Handover interruption components

According to 36.912 [2], the handover delay component can be illustrated in the following diagram:
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Figure x: Overview of handover interruption
Radio Sync

The radio synchronization time include the time required to search the target cell when the target cell is not already known when the handover command is received by the UE, and the time required for baseband and RF alignments [4].
Random access
The Random access procedure is triggered to acquire the UL synchronization. 
5.x
Current performance of handover interruption
As an example, the average delay due to RACH scheduling period is 0.5ms in the best case (1ms RACH periodicity).
Table x: Typical U-Plane interruption (Rel. 8/Rel. 9) of handover
	Component
	Description
	Time [ms]

	1
	Radio Synchronisation to the target cell
	20

	2
	Average delay due to RACH scheduling period (1ms periodicity)
	0.5

	3
	RACH Preamble
	1

	4-5
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	5

	6
	Decoding of scheduling grant and timing alignment
	2

	7
	Transmission of DL data
	1

	
	Total delay
	29.5


6 Annex B

8.x
Early UL synchronization
The TA value to the target cell is obtained before receiving the HO command. The UE can acquire the UL synchronization at the same time when acquiring the DL radio synchronization. Then the UP interruption during handover can be reduced. 






