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1.
Introduction
The WID for small cell was approved in last RAN meeting and also some brief agreement was reached in last RAN3 meeting regarding x2 CP/UP functions and small cell addition/release signalling procedures, which was updated for TR. Based on the initial decisions above and the objective of this work item, this paper investigates the mobility scenarios and priorities for Rel-12. 
2.
Discussion
As the outcome of Study on Small Cell Enhancements from higher layer aspects, the following three challenges were identified for the scenarios where macro and small cells are connected via non-ideal backhaul:

1) Mobility robustness

2) Per-user throughput enhancements

3) Increased signalling load due to frequent handover 
From above, it can be seen that the mobility robustness and signalling load are the main issues. Therefore, based on the WID [4], the challenges above should also be careful when specifying dual connectivity operation. In this paper the mobility scenarios and priorities for Rel-12 will be analysed. 
2.1 Mobility scenarios to be considered in Rel-12
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Fig. 1. Mobility events for UE with due connectivity. 
In the annex B of TR [3], the mobility events for UE with due connectivity was assumed as shown here in Fig. 1. In addition, according to the agreement of last meeting [5] the following FFS is left to be considered more, that is, which mobility scenarios should be supported for dual connectivity and whether this could be supported with the functions listed in [5]. 
Based on Fig.1, the following mobility scenarios exist:

1) Basic small cell addition

2) Basic small cell removal

3) Basic Small cell change (Changing the SeNB while keeping the MeNB)
4) Direct Handover to Pico (small cell): (while keeping the small cell connection) 
5) Direct Handover to target Macro eNB: (a common small cell is assumed for source Macro eNB and target Macro eNB)
6) Handover to target Macro eNB: (small cell is also changed in the target Macro eNB)

For scenario 1) and 2) shown in Fig. 2, they are the basic mobility scenarios of Fig. 1 for due connection. On the other hand the functions and signalling procedure listed in [5] and [6] supports them. So we should treat them as the top priority.
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Fig. 2. Basic small cell addition / removal.                  Fig. 3. Basic small cell change.
For scenario 3) shown in Fig.3, it is also a very possible case in practice, which should be supported. However, the procedure for small cell change could be various. One of the solutions could be to reuse the basic small cell addition and removal procedure. That is, source Macro eNB sends small cell addition message to target small cell first. Then after receiving Ack, the source Macro eNB sends small cell removal message to the source small cell.  The data forwarding issue in architecture 1A could also be solved with the basic data forwarding. Another solution could be realized by defining several new messages such as small cell change message. Also the smart data forwarding would also be investigated, in which the data forwarding is realized through the direct X2 interface between source small cell and target small cell.  Therefore, if this scenario is to be considered, it needs to be decided which way to go. 
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Fig. 4. Direct X2 HO to Pico eNB.                     Fig. 5. Direct X2 HO to Macro eNB2 with keeping the same small cell .
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Fig. 6. X2 Handover to other Macro eNB with small cel change.
For scenario 4), 5) and 6), if the procedure is performed separately, scenario 4 can be realized by two steps, in which the small cell removal procedure is performed in step 1 for service 2 and the basic X2 handover procedure is followed to handover both service 1 and 2 in step 2. Scenario 5 and 6 are very similar, in which source Macro eNB tries to remove the small cell service in step 1 and then the basic X2 handover procedure is performed in step 2 to the target Macro eNB. On the other hand, a joint optimized procedure of basic X2 handover procedure and small cell addition/removal procedure in [6] can be defined, in which a specific procedure is necessary for scenario 4), 5) and 6). Additional functions are needed such as additional data forwarding support for both UP and CP in 1A, additional change of path switch message to MME, additional change of SN status transfer message and more new X2 message to be defined for supporting the joint procedure. 
Based on the analysis above, the following proposal is suggested:
Proposal 1) It is proposed to give priority on scenario 1, 2 and 3, that is, the basic small cell addition/removal/change procedure in Rel-12 and treat other scenarios requiring optimization of the basic procedures in future release. 
2.2 Priorities on the procedures or signalling
Based on the priorities on use cases above, the following functions should be supported: 
1. X2 Setup
2. SeNB Addition/Removal: from whole procedure point of view
1  Configuration/Reconfiguration support: RRC point of view 
2  Path information notify for architecture 1A: both X2 and S1 impacts
3. SeNB Change: from  whole procedure point of view
1 Direct change : new message is necessary and smart data forwarding for architecture 1A

2 Indirect change: Removal of the source SeNB first and then perform the addition of the target SeNB
4. X2 bearer management
1 X2 bearer setup
2 X2 bearer modification
3 X2 bearer release (two directions)
5.  MME selection for small cell capable UE
The following functions could be considered in further release: 
1. Joint handover procedures for the following scenarios

1  Direct Handover to Pico (small cell): (while keeping the small cell connection) 

2  Direct Handover to target Macro eNB: (a common small cell is assumed for source Macro eNB and target Macro eNB)

3 Handover to target Macro eNB: (small cell is also changed in the target Macro eNB)
2. Dynamic flow control: change the data rate ratio for small cell and Macro eNB dynamically
Based on the analysis above, the following proposal is suggested to RAN3: 
Proposal 2: It is proposed to define the following procedures and signalling first in Rel-12: 
· X2 Setup, Small Cell Addition/ Removal /Change procedure, X2 bearer management, MME selection for small cell capable UE etc.
3. Conclusions
In this paper, we investigated the mobility scenarios and priorities for Rel-12. The following proposals are suggested to RAN3: 
Proposal 1) It is proposed to give priority on scenario 1, 2 and 3, that is, the basic small cell addition/removal/change procedure in Rel-12 and treat other scenarios requiring optimization of the basic procedures in future release.
Proposal 2: It is proposed to define the following procedures and signalling first in Rel-12: 
·  X2 Setup, Small Cell Addition/ Removal /Change procedure, X2 bearer management, MME selection for small cell capable UE etc.
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