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1 Introduction
In RAN #71, a new work item is agreed to further improve the experience of UE in different mobility events. The main objective of this work item is to do the following enhancements:

-
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 try to evaluate and identify the possible service interruption UE may experience in different mobility events.  
2 Discussion
2.1 Comparison of interruption time for each mobility event
The interruption time for each mobility event are listed in Table 1. The details of each mobility event can be found in Annex A. The details of the interruption components for each mobility event can be found in Annex B. The main difference for each mobility event are observed as follows.
Observation 1: The 20ms interruption for the RF retuning can be eliminated if the target cell for change is an already configured serving cell. 

Observation 2: The 6ms interruption for RRCConnectionReconfigurationComplete message can be eliminated if the UE can have a maintained connection to send it during the mobility event.
Observation 3: Split bearer can have no interruption during mobility event if one connection can be maintained.
	Table 1 Comparison table of interruption timeMobility event
	Description
	Bearer type
	Interruption time

	
	
	
	Minimum
(ms)
	Typical

(ms)

	Mobility event #1
	· Before the handover, UE is connected to the source PCell on the source eNB or on the source MeNB

· After the handover, UE is connected to the target PCell on the target eNB

· The target PCell is not one of the serving cells of the UE before the handover
	All types
	45.5
	49.5

	Mobility event #2
	· Before the handover, UE is connected to the source PCell on the source eNB or on the source MeNB

· After the handover, UE is connected to the target PCell on the target eNB

· The target PCell is one of the serving cells of the UE before the handover
	All types
	25.5
	29.5

	Mobility event #3
	· Before the SCG change, UE is connected to the source PSCell on the source SeNB

· After the SCG change, UE is connected to the target PSCell on the target SeNB

· The target PSCell is not one of the serving cells of the UE before the handover
	MCG bearer
	0
	0

	
	
	SCG bearer
	39.5
	43.5

	
	
	Split bearer
	0
	0

	Mobility event #4
	· Before the SCG change, UE is connected to the source PSCell on the source SeNB

· After the SCG change, UE is connected to the target PSCell on the target SeNB

· The target PSCell is one of the serving cells of the UE before the handover 
	MCG bearer
	0
	0

	
	
	SCG bearer
	19.5
	23.5

	
	
	Split bearer
	0
	0

	Mobility event #5
	· Before the handover, UE is connected to the source PCell on the source MeNB and the source PSCell on the source SeNB

· After the handover ,UE is connected to the target PCell on the target MeNB and the target PSCell on the target SeNB

· The target PCell is not one of the serving cells of the UE before the handover

· The target PSCell is not one of the serving cells of the UE before the handover 
	MCG bearer
	45.5
	49.5

	
	
	SCG bearer
	39.5
	43.5

	
	
	Split bearer
	39.5
	43.5

	Mobility event #6
	· Before the handover, UE is connected to the source PCell on the source MeNB and the source PSCell on the source SeNB

· After the handover ,UE is connected to the target PCell on the target MeNB and the target PSCell on the target SeNB

· The target PCell is one of the serving cells of the UE before the handover

· The target PSCell is not one of the serving cells of the UE before the handover
	MCG bearer
	25.5
	29.5

	
	
	SCG bearer
	39.5
	43.5

	
	
	Split bearer
	25.5
	29.5

	Mobility event #7
	· Before the handover, UE is connected to the source PCell on the source MeNB and the source PSCell on the source SeNB

· After the handover ,UE is connected to the target PCell on the target MeNB and the target PSCell on the target SeNB

· The target PCell is not one of the serving cells of the UE before the handover 
· The target PSCell is one of the serving cells of the UE before the handover 
	MCG bearer
	45.5
	49.5

	
	
	SCG bearer
	19.5
	23.5

	
	
	Split bearer
	19.5
	23.5

	Mobility event #8
	· Before the handover, UE is connected to the source PCell on the source MeNB and the source PSCell on the source SeNB

· After the handover ,UE is connected to the target PCell on the target MeNB and the target PSCell on the target SeNB

· The target PCell is one of the serving cells of the UE before the handover 
· The target PSCell is one of the serving cells of the UE before the handover 
	MCG bearer
	25.5
	29.5

	
	
	SCG bearer
	19.5
	23.5

	
	
	Split bearer
	19.5
	23.5


Proposal: RAN3 is kindly asked to discuss the above mobility events and their corresponding service interruption time (as given in Table 1) for possible enhancements.
3 Conclusion
Based on the interruption analysis given above, we have the following Observations and Proposal:
Observation 1: The 20ms interruption for the RF retuning can be eliminated if the target cell for change is an already configured serving cell. 

Observation 2: The 6ms interruption for RRCConnectionReconfigurationComplete message can be eliminated if the UE can have a maintained connection to send it during the mobility event.
Observation 3: Split bearer can have no interruption during mobility event if one connection can be maintained.

Proposal: RAN3 is kindly asked to discuss the above mobility events and their corresponding service interruption time (as given in Table 1) for possible enhancements.
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5 Annex A: Mobility events category

5.1 Mobility event #1
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	(a)inter-eNB handover
	                   (b)intra-eNB handover

	
[image: image2.emf]S-MeNB

(T-eNB)

S-SeNB

S-PCell

S-PSCell 

T-PCell


	
[image: image3.emf]S-MeNB

S-SeNB

(T-eNB)

S-PCell

T-PCell

S-PSCell 



	(c)MeNB/SeNB to eNB handover,  the target PCell is a cell on the source MeNB
	(d)MeNB/SeNB to eNB handover, the target PCell is a cell on the source SeNB
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	(e)MeNB/SeNB to eNB handover, the target PCell is a cell on a eNB other than the source MeNB and the source SeNB

	Fig 1. Mobility event #1


5.2 Mobility event #2
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	(a)intra-eNB handover
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	(b)MeNB/SeNB to eNB handover, the target PCell is a serving cell on the source MeNB
	(c)MeNB/SeNB to eNB handover, the target PCell is a serving cell on the source SeNB

	Fig 3 Mobility event #2


5.3 Mobility event #3
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	(a)SCG change, the taget PSCell is a cell on the source SeNB
	(b)SCG change, the target PSCell is a cell on the other eNB other than the source MeNB and the source SeNB

	Fig 4 Mobility event #3


5.4 Mobility event #4
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	Fig 5 Mobility event #4


5.5 Mobility event #5
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	(a)MeNB/SeNB to MeNB/SeNB handover, the target PCell is a cell on the source MeNB and the target PSCell is a cell on the source SeNB
	(b) MeNB/SeNB to MeNB/SeNB handover, the target PCell is a cell on the source MeNB and the target PSCell is a cell on a eNB other than the source MeNB and the source SeNB
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	(c)MeNB/SeNB to MeNB/SeNB handover, the target PCell is a cell on the source SeNB and the target PSCell is a cell other than source MeNB and the source SeNB
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	(d) MeNB/SeNB to MeNB/SeNB handover, the target PCell is a cell on a eNB other than the source MeNB and the source SeNB, and the target PSCell is a cell on the source SeNB
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	(e) MeNB/SeNB to MeNB/SeNB handover, the target PCell is a cell on a eNB other than the source MeNB and the source SeNB, and the target PSCell is a cell on a eNB other than the source MeNB and  the source SeNB

	Fig 6 mobility event #5


5.6 Mobility event #6
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	(a)MeNB/SeNB to MeNB/SeNB handover, the target PCell is a serving cell on the source MeNB and the target PSCell is a cell on the source SeNB
	(b) MeNB/SeNB to MeNB/SeNB handover, the target PCell is a serving cell on the source MeNB and the target PSCell is a cell on a eNB other than the source MeNB and the source SeNB
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	(c) MeNB/SeNB to MeNB/SeNB handover, the target PCell is a serving cell on the source SeNB and the target PSCell is a cell on a eNB other than the source MeNB and the source SeNB 

	Fig 7 mobility event #6


5.7 Mobility event #7
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	(a) MeNB/SeNB to MeNB/SeNB handover, the target PCell is a cell on the source MeNB and the target PSCell is a serving cell on the source SeNB
	(b) MeNB/SeNB to MeNB/SeNB handover is a cell on a eNB other than the souce MeNB and the source SeNB, and the target PSCell is a serving cell on the source SeNB
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	(c) MeNB/SeNB to MeNB/SeNB handover, the target PCell is a cell on the source SeNB and the target PSCell is a serving cell on the source MeNB
	(d)MeNB/SeNB to MeNB/SeNB handover, the target PCell is a cell on a eNB other than the souce MeNB and the source SeNB, and the target PSCell is a serving cell on the source MeNB

	Fig 8 mobility event #7


5.8 Mobility event #8
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	(a) MeNB/SeNB to MeNB/SeNB handover, the target PCell is a serving cell on the source MeNB and the target PSCell is a serving cell on the source SeNB
	(b) MeNB/SeNB to MeNB/SeNB handover, the target PCell is a serving cell on the source SeNB and the target PSCell is a serving cell on the source MeNB

	Fig 9 mobility event #8


6 Annex B: Interruption components
6.1 Mobility event #1, Mobility event #5 MCG bearer, Mobility event #7 MCG bearer
	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


6.2 Mobility event #2, Mobility event #6 MCG/split bearer, Mobility event #8 MCG bearer
	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
	0

	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] 
	25.5/29.5


6.3 Mobility event #3, Mobility event #5 SCG/split bearer, Mobility event #6 SCG bearer
	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
	0

	
	Minimum/Typical Total delay [ms] 
	39.5/43.5


6.4 Mobility event #4, Mobility event #7 SCG/split bearer, Mobility event #8 SCG/split bearer
	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
	0

	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
	0

	
	Minimum/Typical Total delay [ms] 
	19.5/23.5
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