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1 Introduction

 According to the mobility enhancement WID [1], the main objectives of this work item is to minimize service interruption in different mobility events for legacy (DC/CA/(SC, single connectivity)) UE(s). In this contribution, we give more details of the potential solutions, and try to provide the guidance for the solution selection.
2 Discussion
According to the interruption analysis in [2], 8 mobility events (which introduce different interruption time for different UE architecture, etc. SC/DC/CA) are identified. According to 36.881 [3], two solutions are introduced to reduce the interruption time during handover:
· Solution1: RACH-less
· Solution 2: Maintaining Source eNB Connection during Handover
Solution 3: MC (Multiple Connectivity)
However, the mobility events like SCG change/DC HO will also introduce service interruption. Here we introduce a MC (Multiple Connectivity) solution targeting at SCG change and DC HO. In general, we consider letting the UE have more than 2 connections during SCG change and DC HO. The layer-2 architectures of the MC could be like below.
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Figure 1: Multiple Connectivity
Proposal 1: Multiple Connectivity is used for the interruption reduction for the mobility events of the SCG change and DC HO.
Comparison amongst Solution 1/2/3

Table 1: Comparison between different solutions

	Applicable Scenarios and Interruptions

	
	Solution 1
	Solution 2
	Solution 3

	Applicable mobility events
	All
	SC HO;
DC HO?
	DC HO;

SCG change

	Interruption time (Uu)
	The RACH interruption (4.5/7.5ms) can be reduced.
	Can be reduced to “0”.
	Can be reduced to “0”.

	Potential Specification Impacts and UE/Network Complexity

	
	Solution 1
	Solution 2
	Solution 3

	RRC
	UL grant in HO CMD;
Timing for DL reception in HO CMD;

RACH
	Setup an additional connection;
Delayed reset of PDCP/RLC/MAC;
New RLF handling;
TDM for intra-frequency.
	Setup an additional connection;
Addition of additional RLC/MAC;
TBD? (Addition of additional PDCP for solution 3.3);
TDM for intra-frequency.

	PDCP
	No
	No
	TBD (for solution 3.3)?

	RLC
	No
	No
	No

	MAC
	Available TA from UE calculation
	No
	No

	PHY
	UL power control;
Calculation of target TA
	TBD?
	TBD?

	Network complexity
	Coordination of access timing of UL/DL;

Network synchronization; 
	Indication of source connection release from the target eNB
	Update of the current X2 signalling procedure for the additional SeNB.
Indication of source connection release from the target eNB


According to the analysis given above, Solution 2 and 3 has better performance on service interruption. Regarding the specification effort, each solution has its own impacts on the specifications, and it is difficult to say which one needs more standard efforts. However solution 2 and 3 have some overlaps on the specification impacts. As solution 2 and 3 are targeting at different scenarios. We think solution 2 and 3 should be considered for improving the service interruption.
Proposal 1: Multiple Connectivity and 36.881 solution 2 is used for the interruption reduction for SCG change and HO.

Regarding Solution 1, we consider that Solution 2/3 can actually co-work with Solution 1. Some examples can be found in Annex B. One benefit of combining Solution 2/3 with Solution 1 is that the connection setup time to the target cell can be reduced, and subsequently the user throughput can be improved.
Observation: Solution 1 can work together with Solution 2/3.

Proposal 2: RAN2 is kindly request to discuss if solution 1 can co-work with Solution 2/3.
3 Conclusion
In this contribution, we introduced a new solution for SCG change and DC HO to improve the service interruption for DC. According to the analysis given above, it is possible to use Solution 1 together with Solution 2/3. Thus we have the following Observation and proposals:
Observation: Solution 1 can work together with Solution 2/3.

Proposal 1: Multiple Connectivity and 36.881 solution 2 is used for the interruption reduction for SCG change and HO.
Proposal 2: RAN2 is kindly request to discuss if solution 1 can co-work with Solution 2/3.
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5 Annex A: Mobility events
The details of the following mobility events can be found in [2].

Table 2: Mobility Events

	Mobility event
	Description

	
	

	Mobility event #1
	eNB to eNB or MeNB/SeNB to eNB handover, the target PCell is not one of the serving cells of the UE before the handover

	Mobility event #2
	eNB to eNB or MeNB/SeNB to eNB handover, the target PCell is one of the serving cells of the UE before the handover

	Mobility event #3
	SCG change, the target PSCell is not one of the serving cells of the UE before the SCG change

	Mobility event #4
	SCG change,  the target PSCell is one of the serving cells of the UE before the SCG change

	Mobility event #5
	MeNB/SeNB to MeNB/SeNB handover, 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

	Mobility event #6
	MeNB/SeNB to MeNB/SeNB handover, 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

	Mobility event #7
	MeNB/SeNB to MeNB/SeNB handover, 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

	Mobility event #8
	MeNB/SeNB to MeNB/SeNB handover, 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


6 Annex B: Combination of Solution 1/2/3
Mobility event#1
The source eNB makes the HO decision, sends HO Req to the target eNB, and gets the pre-allocated UL grant and mutually agreed time in the HO Req Ack from the target eNB. The pre-allocated UL grant and mutually agreed time will be included in the HO command and sent to the UE. When the HO command is received, the connection with the source eNB is maintained, whilst the UE starts to connect to the target eNB. At the agreed time, UE detaches from the source eNB, and starts to transmit to the target eNB. Another option for UL grant is the target eNB schedules UE around agreed time, or sometime later after the handover preparation procedure which is subject to eNB implementation.
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Mobility event#2, #4
Since the target PCell or PSCell is a serving cell and thus the TA is known by the UE, the RACH procedure is not needed. There is only one C-RNTI for UE in CA. When the eNB or the MeNB makes the intra-eNB HO or intra-SeNB SCG change decision, the RRC reconfiguration message may include a new C-RNTI in the target PCell or PSCell if the old C-RNTI has been used in the target PCell or PSCell. When the RRC reconfiguration message is received, UE applies the new C-RNTI if needed, and change the AS-context to the target PCell or PSCell. The target PCell or PSCell can schedule UE as usual. UE may delete the source PCell or PSCell according to the RRC reconfiguration message.
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Mobility event#8
Since the target PCell is a serving cell in SeNB and thus the TA is known by the UE, the RACH procedure is not needed. When the HO command is received, UE keeps the C-RNTI used in the the target PCell, no new C-RNTI is needed, and change the AS-context to the target PCell. The target PCell can schedule UE as usual.
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Mobility event#3
The MeNB makes the decision of SCG change, sends the SeNB addition Req to the target SeNB, gets the UL grant and mutually agreed time in the SeNB addition Req Ack. The UL grant and mutually agreed time will be included in the RRC reconfiguration message and sent to the UE. When the RRC reconfiguration is received, UE maintain the source SeNB connection, and starts to connect to the target SeNB. At the agreed time, UE detaches from the source SeNB, and starts to transmit to the target SeNB. Another option for the UL grant is that the target SeNB schedules UE around agreed time, or sometime later after the handover preparation procedure which is subject to eNB implementation.
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