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Introduction
RAN#71 in March approved new WID on further mobility enhancement [1]. It is unavoidable to adopt the small cell concept as the dual connectivity form to accommodate ever increasing mobile traffic and low latency-based applications. With more small cells deployed, UE movement among cells and eNBs increases and the problems involved in this mobility happens more frequently, if exists. In this contribution, we show the possibility of service interruption incurred by frequent mobility operation among cells and eNBs especially on SCG change. And the direction for the possible solution is suggested. 

The problem and solution sketch of mobility handling procedure for SCG change 

Service interruption on SCG change 

1. Interrupt time of SCG change (PSCell change) in a SeNB 
The following figure shows MeNB initiated SeNB Modification where the measurement report which is not listed in [2] is added. When UE moves to the other PSCell coverage and resulting radio link from that cell is better than the source PSCell, MR will be transmitted, and MeNB will command the SeNB to change SCG, especially change PSCell. Even this flow shows the details, there must be a resource check and negotiation between the source PScell and target PScell. So if target PScell agrees to accept the new UE, then 2. SeNB modification request ack. Message goes back to MeNB, and related information for access that target PScell will be delivered to UE. After re-establishement of Layer 2 stack, and possible security key update, UE can either do RACH or directly transmit data without RACH. After this, finally data from new PSCell can be available. 
However, the instant switch from the former PSCell to the target PSCell is the best way for the maximal end-to-end quality of service. The optimal link quality is not obtained during the transactions from message 0 (MR) to 6 (RACH) which can incur the service interruption. 
As mentioned earlier, RACH operation can be omitted since the time synchronization is already done for some Scells. The reason is that SeNB might have the antennae on the same geographical location for each cells. In this case the service interrupt time can be affected by from 0. MR to 3. RRC connection reconfig. Message. Since SCG change in a SeNB happens more than SCG change between different SeNB, it is important to enhance the mobility performance of SCG change in a SeNB. We have to consider to reduce time from message 0 to 6 or from message 0 to 3. 



Figure 1 MeNB initiated SeNB Modification from 36.300 [2]

2. Interrupt time of SCG change (PSCell change) between different SeNBs 
The following figure is depicted for PSCell change operation between different SeNB in DC as in [2]. Different with section 1, SeNB addition request and its acknowledgement are transmitted to target SeNB. In this step, resource usage is negotiated. Then the source SeNB is released. In this flow, RACH is necessary which is different with section1. 
In this case, the non-optimal service time is from 0. MR to 7. RACH. Compared to SCG change in a SeNB, the RRC messages over X2 interface might take more time because the physical entity is different. The source steps of service interruption time can be almost similar with SCG change in a SeNB case.

 
Figure 2 SeNB Change from 36.300 [2]

3. Problems in SCG change procedure 
When we use multiple Scells for CA, the purpose is getting higher data rate. For guaranteeing this goal, the service interruption happens at not only the case where the actual data transaction is stopped but also the case where the link quality is bad. Once high data rate is served, and UE TCP window size has been adopted to that, the radio link quality drop, anyway makes slow start on TCP throughput. And actual data rate gets smaller. Therefore, the best strategy for high data rate system is to maintain good radio link as possible. 
For the number on this time, usually handover preparation procedure which corresponds to 1. SeNB mod. Request and 2. SeNB mod. Req. ack. Message in SCG change is assumed 50 ms in [4]. This number is quite comparable to the actual handover execution time ( ~ 45ms shown in our companion paper [5]). 
Consequently, if UE can do the preparation procedure before the actual SCG change happening the service interruption can be reduced. In detail, not doing this procedure at every handover occasion but pre-reservation of radio resource and pre-distribution of the UE context to the possible target PScells would significantly reduce the interruption time. By keeping the potential target PScells ready to be accessed by already known UE, this can be achieved. This is also aligned with make-before-break doctrine described in objective [1]. The details on maintaining and updating these Pscell candidates and UE operation such as indicating to the target Pscell of interest can be studied further.

[Proposal 1] RAN2 should study the make-before-break method for minimizing service interrupt when SCG change happens. 

Conclusion
Based on the above, RAN2 is requested to discuss and if possible agree on the following proposals:

[Proposal 1] RAN2 should study the make-before-break method for minimizing service interrupt when SCG change happens. 
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