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1   Introduction
The new WI on further mobility enhancement in LTE [1] was agreed in RAN#71. The following objectives of the WI are relevant to RAN3:
· 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 mainly discuss the make before break solution for the mobility event of SCG change in which we found that the service interruption will happen [2], then analyze the standard impact for the solution of RACH-less handover and the solution of maintaining source eNB connection during handover in TR 36.881 [3] from RAN3’s point of view, and finally give a way forward. 
2   Discussion
Make before break solution for mobility event of SCG change
In the SeNB change procedure of dual connectivity, for SCG change, the UE stops communication with the source SeNB upon receipt of the RRCConnectionReconfiguration message from the MeNB. The service will be interrupted until the UE successfully performs the random access procedure to the target SeNB. Figure 1 shows the service interruption happens from step 4 until step 7.
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Figure 1: Service interruption in SCG change
In order to minimize the service interruption, the following two possible solutions can be considered.
Solution 1
The UE can keep the connection with the source SeNB until the UE successfully performs the random access procedure to the target SeNB. Figure 2 shows the possible signalling flow of the solution. 
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Figure 2: Solution 1
In the solution, when the UE successfully performs the random access procedure to the target SeNB, the target SeNB should send an indication to make the source SeNB stop uplink and downlink data transmission. On receipt of the indication from the target SeNB, the data forwarding from the source SeNB takes place. Afterwards, the uplink data can be transmitted by the target SeNB. The downlink data can be transmitted via target SeNB after the E-RAB Modification Indication procedure. 
Solution 2
When the MeNB decides to change the SCG bearer from the source SeNB to the target SeNB, the MeNB establishes the split bearer of the source SeNB and the SCG bearer in target SeNB simultaneously. The UE will not release the connection with the source SeNB until the uplink and downlink data can be transmitted via the SCG bearer in the target SeNB. Figure 3 illustrates the possible signalling flow of the solution.  In the solution, not only the SCG bearer configuration but also the split bearer configuration of the source SeNB should be included in the SeNB Addition Preparation procedure when the MeNB requests the target SeNB to allocate resources for the UE. Afterwards, the source SeNB and the target SeNB should exchange their GTP Tunnel Endpoint via the MeNB, so that the X2 user plane transport connection between the source SeNB and the target SeNB can be established for the split bearer of the source SeNB. When the source SeNB finishes the downlink data transmission and the uplink data has already been transmitted by the SCG bearer in the target SeNB, the MeNB will release the source SeNB and the split bearer of the source SeNB in target SeNB. 
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Figure 3: Solution 2
Proposal 1: RAN3 is proposed to discuss the make before break solution for the mobility event of SCG change in dual connectivity. 
Standard impact for solution of RACH-less handover
The solution of RACH-less handover can be introduced when the source cell, the target cell and the UE are synchronized. The specific synchronization enhancement solution are studying in another WI, we will not discuss further here. The solution aims at avoiding the RACH related procedure. In absence of RACH procedure, the UE may calculate the target cell TA by using the DL propagation delay difference between the source cell and the target cell (assuming the UL propagation delay is the same as the DL propagation delay) and the source cell TA. The initial value of PUSCH transmission power control is based on PRACH preamble power and total power ramp.  If PRACH procedure is removed, power control in PUSCH should be modified, which is out of RAN3’s scope. In addition, in absence of the RACH procedure in the target eNB, the UE is unable to obtain the UL grant for the first UL transmission. There are the following two options can be used to get the UL grant when the RACH procedure is absent:
Option 1:  UL grant pre-allocation
The UL grant is pre-allocated by target eNB and included in the Handover Request Acknowledge message from target eNB to source eNB (i.e. step 6), and then is included in the RRCConnectionReconfiguration message from source eNB to the UE (i.e. step 7). The pre-allocated UL grant can be kept valid within a period of time, starting from the time when the UE achieves downlink synchronization with the target cell. Then, the UE obtains the UL grant pre-allocation, calculates the target cell TA by itself, determines the initial value of PUSCH transmission power (e.g. set a relative high value to ensure the first PUSCH transmission successfully to the target eNB, and slowly reduce the power if needed), and do not trigger the RACH procedure (i.e. step 9). Finally, the UE sends the first PUSCH to the target eNB within the valid period of pre-allocated UL grant (i.e. step 10). Figure 4 shows the signalling flow for option 1. 
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Figure 4: Option 1
Option 2: UL grant allocation by dynamic scheduling in the target cell
The target cell allocates UL grant to the UE by dynamic scheduling from the time when it expects the UE to be available for scheduling (e.g. sometimes later after the handover preparation procedure which depends on the eNB’s implementation).  The option 2 requires a new RRC message (i.e. step 9) to be introduced after the handover preparation procedure to include the UL grant allocation by dynamic scheduling in the target cell, which has no specification impact of RAN3. Different with the option 1, the UE sends the first PUSCH to the target eNB at the time point indicated by the UL grant (i.e. step 11). Figure 5 shows the signalling flow for option 2.
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Figure 5: Option 2
Proposal 2: It is proposed to discuss the specification impact for the solution of RACH-less handover from RAN3’s point of view. 
Standard impact for solution of 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. In this solution, the source eNB should stop the uplink and downlink transmission when the RACH is completed successfully at the target eNB. This can be done by an indication from the target eNB to source eNB (i.e. step 11), which is more reliability than the indication from the UE. Moreover, in this solution, UE should transmit simultaneously to source cell and target cell on the same frequency, which is feasible by using multiple RF chains on downlink and requiring change such as TDM operation on uplink. If the TDM operation on uplink is used, the negotiation of the ABS pattern between the source eNB and target eNB is needed. This could be achieved by current specification. Figure 6 shows the signalling flow for solution of maintaining source eNB connection during handover.
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Figure 6: Solution of maintaining source eNB connection during handover
Proposal 3: It is proposed to discuss the specification impact for the solution of maintaining source eNB connection during handover from RAN3’s point of view. 
Way forward in RAN3
The make before break solution is suitable for the mobility event of SCG change in dual connectivity. The solution of RACH-less handover may be used in all mobility events, no matter normal handover, dual connectivity or CA. And the solution of maintaining source eNB connection during handover is appropriate for the normal handover and the handover in case of dual connectivity and CA. Table 1 summarizes the applicable mobility event in which the three solutions can be used. 
Table 1
	Solution
	Applicable mobility event 

	Make before break solution
	SCG change in DC

	Solution of RACH-less handover 
	All mobility events

	Solution of maintaining source eNB connection during handover
	Normal handover, and the handover in case of DC and CA


The make before break solution and the solution of maintaining source eNB connection during handover can be used to solve the service interruption in different mobility events. And the solution of RACH-less handover may be used to solve the service interruption from the RACH avoiding point of view. The three solutions are independent. There is no conflict among the three solutions. 
Proposal 4: RAN3 is proposed to simultaneously discuss the make before break solution, the solution of RACH-less handover and the solution of maintaining source eNB connection during handover for the service interruption reduction in the further mobility enhancement WI. 
3   Conclusion
In this contribution, we mainly discussed the make before break solution for the mobility event of SCG change in dual connectivity, analyzed the standard impact for the solution of RACH-less handover and the solution of maintaining source eNB connection during handover from RAN3’s point of view, and finally gave a way forward. It is proposed RAN3 to agree the following proposals:
Proposal 1: RAN3 is proposed to discuss the make before break solution for the mobility event of SCG change in dual connectivity. 
Proposal 2: It is proposed to discuss the specification impact for the solution of RACH-less handover from RAN3’s point of view. 
Proposal 3: It is proposed to discuss the specification impact for the solution of maintaining source eNB connection during handover from RAN3’s point of view. 
Proposal 4: RAN3 is proposed to simultaneously discuss the make before break solution, the solution of RACH-less handover and the solution of maintaining source eNB connection during handover for the service interruption reduction in the further mobility enhancement WI. 
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