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1. Introduction
In R14 NB-IoT enhancement [1], one objective is connected mode mobility enhancement.
	Mobility and service continuity enhancements
Enhancement(s) to connected mode mobility in order to improve service continuity and avoid NAS recovery for both CP and UP solutions without the increasing of UE power consumption.   [RAN2, RAN3,RAN4]


In this contribution, we discuss R13 NB-IoT connected mode mobility procedure and enhancement scenarios.
2. Discussion
2.1. R13 Connected Mode Mobility Procedure
To give a baseline procedure for mobility enhancement, in this section connected mobility is analyzed with the following procedures in figure1 and figure 2.
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Figure 1. R13 Connected mode mobility (RRC connection (re)-establishment, successful)
Step 1: A UE detects RLF. In this step, T310 may be configured with 0ms to minimize the time of RLF detection.

Step 2: For CP solution, the UE enters into RRC idle and informs NAS about RRC connection failure. Then the UE performs cell selection. For UP solution, the UE directly performs cell selection for the subsequent RRC connection reestablishment procedure. During cell selection, the UE needs to acquire MIB and SIB1. After selecting a suitable cell, the UE needs further acquire SIB2 for the subsequent Random Access procedure. The time for cell selection and the time of SIB2 acquirement can be considered as the interruption time of the step.
Step 3a: For CP solution, NAS triggers AS to perform RRC connection setup procedure, which includes the Random Access Preamble on RACH sent by the UE, the Random Access Response received by the UE, the RRC connection request sent by the UE, the RRC connection setup received by the UE, and the RRC connection setup complete sent by the UE. For UP solution, the UE performs RRC connection reestablishment procedure. If the target cell belongs to the same eNB as the source cell, then a valid UE context can be founded by the network. RRC connection reestablishment is successful, which includes the Random Access Preamble on RACH sent by the UE, the RAR received by the UE, the RRC connection reestablishment request sent by the UE, the RRC connection reestablishment received by the UE, and the RRC connection reestablishment complete sent by the UE.
After step 3a, RRC connection is setup/resumed.
The context fetch triggered by RLF indication procedure is not supported in R13 NB-IoT. Therefore, if the target cell belongs to a different eNB with the source cell, RRC connection reestablishment procedure would be failure as the network does not have a valid UE context. Then the connected mode mobility procedure for the case is shown in figure 2.
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Figure 2. R13 Connected mode mobility (RRC connection reestablishment, failure)
Step 1: A UE detects RLF. 

Step 2: The UE performs cell selection, which includes reading MIB and SIB1. After selecting a suitable cell, UE further acquires SIB2.

Step 3b: The UE performs RRC connection reestablishment procedure with failure, which includes the Random Access Preamble sent by the UE, the RAR received by the UE, the RRC connection reestablishment request sent by the UE, the RRC connection reestablishment reject received by the UE.

Step4: The UE enters RRC idle state, and informs the NAS about RRC connection failure. Then UE performs cell selection. As the UE may select to the same cell as step 2, the interruption time with the step may be ignorable.

Step5: NAS triggers NAS recovery procedure which triggers AS to perform RRC connection setup procedure, which includes the Random Access Preamble sent by the UE, the RAR received by the UE, the RRC connection request sent by the UE, the RRC connection setup received by the UE, and the RRC connection complete sent by the UE.

Step6: The corresponding E-RABs are configured to the UE, which including the corresponding S1 procedure and RRC connection reconfiguration procedure.
After step 6, UL data can be sent.
In figure 2, NAS recovery procedure is performed when RRC connection reestablishment is failure. Avoid NAS recovery is one objective for mobility enhancement. Hence, figure 2 can be considered as the typical procedures in R13 connected mode mobility with UP solution, which include RLF detection procedure, cell selection procedure and SIB2 acquirement, RRC connection reestablishment procedure with failure, RRC connection establishment procedure, and E-RAB setup procedure.

For CP solution, the typical procedures in R13 connected mode mobility include RLF detection procedure, cell selection procedure and SIB2 acquirement, and RRC connection establishment procedure.

Proposal 1: Confirm the following baseline procedures for connected mode mobility enhancement:

· For CP solution, the typical procedure in R13 connected mode mobility includes RLF detection procedure, cell selection procedure，SIB2 acquirement and RRC connection establishment procedure.

· For UP solution, the typical procedure in R13 connected mobility includes RLF detection procedure, cell selection procedure, SIB2 acquirement, RRC connection reestablishment failure procedure, RRC connection establishment procedure and E-RAB setup procedure.
2.2. R14 Mobility Enhancement Scenarios
There may have or may not have data transmission during the period of connected mode mobility procedure. If there is data transmission during R14 mobility enhancement, how to handle data may be considered. However, legacy mechanism may be reused. For example, data forwarding could be reused for UP solution, and application retransmission could be reused for CP solution. Our concern is how the data interruption time introduced by connected mode mobility can be minimized. 
Proposal 2: Confirm there is data transmission during R14 mobility procedure.
Proposal 2bis: It is suggested to focus on how the data interruption time introduced by connected mode mobility can be minimized for R14 mobility enhancement.
In R13 NB-IoT, non-anchor carrier was introduced. Non-anchor carrier(s) can be considered as the same coverage as anchor carrier. The signal quality of anchor carrier can be used as the signal quality of non-anchor carrier. Therefore, for R14 connected mode mobility enhancement, there are four scenarios:
Scenario 1: Mobility from an anchor carrier of the source cell to an anchor carrier of a target cell
This is a basic and essential scenario for mobility, thus it should be supported.

Scenario 2: Mobility from a non-anchor carrier of the source cell to an anchor carrier of a target cell
A UE may be configured with non-anchor carrier in connected mode. Then the radio signal quality becomes worse, the UE needs to move to an anchor carrier of another cell. Compared with the procedure that the UE is reconfigured back to the anchor carrier of the source cell and moves to the anchor carrier of the target carrier, it is beneficial to support the mobility from a non-anchor carrier of the source cell to an anchor carrier of the target cell.
Scenario 3: Mobility from an anchor carrier of the source cell to a non-anchor carrier of a target cell
Support transmission of NPRACH on a non-anchor carrier would be introduced in R14 [1]. To reduce the load of the NPRACH on an anchor carrier and avoid the reconfiguration to a non-anchor carrier after connected mode mobility, it is beneficial to support the mobility from an anchor carrier of the source cell to a non-anchor carrier of the target cell.

Scenario 4: Mobility from a non-anchor carrier of the source cell to a non-anchor carrier of a target cell
A UE is configured with non-anchor carrier in connected mode. In order to reduce signalling and the load of the NPRACH on an anchor carrier, it is beneficial to support the mobility from a non-anchor carrier of the source cell to a non-anchor carrier of the target cell.
Proposal 3: For R14 mobility enhancement, the following scenarios are supported:
- Scenario 1: Mobility from an anchor carrier of the source cell to an anchor carrier of a target cell;
- Scenario 2: Mobility from a non-anchor carrier of the source cell to an anchor carrier of a target cell.
Proposal 4: For R14 mobility enhancement, discuss whether the following scenarios are supported:
· Scenario 3: Mobility from an anchor carrier of the source cell to a non-anchor carrier of a target cell;
· Scenario 4: Mobility from a non-anchor carrier of the source cell to a non-anchor carrier of a target cell.
2.3. Possible Solutions
In legacy connected mode mobility, connected mode measurements are performed for handover. In R14 NB-IoT mobility enhancement, target cell can be determined with cell reselection in connected mode to reduce UE power consumption. The possible solutions for R14 NB-IoT connected mode mobility can be:
Solution 1: UE reports the target cell to the source cell which triggers handover procedure towards the target cell;

Solution 2: UE directly performs RRC connection establishment/reestablishment procedures towards the target cell;
Solution 3: UE reports target cell to the source cell, and then directly perform RRC connection establishment/reestablishment procedures towards the target cell;

The brief procedures for the above 3 solutions are shown in the Figure below.
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(a) Solution 1
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(b) Solution 2
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(c) Solution 3
Figure 3 Brief possible procedures
For the three solutions, UE determines the target cell based on cell reselection in connected mode.
For solution 1, Necessary information for target cell is transmitted in the mobility control information in RRC connection reconfiguration message to avoid UE to acquire MIB, SIB1 and SIB2 of target cell.

For solution 2, RRC connection establishment for CP solution and reestablishment for UP solution are reused. When the target cell does not have a valid UE context, a UE context fetch procedure would be triggered for UP solution.
For solution 3, UE reports the target cell to the source cell then the source cell stops scheduling UE and triggers UE context transmission to the target cell for UP solution.

It is suggested RAN2 to consider the above solutions for R14 NB-IoT mobility enhancement.

Proposal 5: Consider the following solutions for R14 NB-IoT mobility enhancement:

· Solution 1: UE reports the target cell to the source cell which trigger handover procedure towards the target cell;

· Solution 2: UE directly performs RRC connection establishment/reestablishment procedures towards the target cell;

· Solution 3: UE reports the target cell to the source cell, and then directly perform RRC connection establishment/reestablishment procedures towards the target cell.

3. Conclusion
In this contribution, R13 NB-IoT connected mode mobility procedure and R14 mobility enhancement scenarios are discussed. And it is proposed:
Proposal 1: Confirm the following baseline procedures for connected mode mobility enhancement:

· For CP solution, the typical procedure in R13connected mode mobility includes RLF detection procedure, cell selection procedure, SIB2 acquirement, and RRC connection establishment procedure.

· For UP solution, the typical procedure in R13connected mobility includes RLF detection procedure, cell selection procedure, SIB2 acquirement, RRC connection reestablishment failure procedure, RRC connection establishment procedure, and E-RAB setup procedure.
Proposal 2: Confirm there is data transmission during R14 mobility procedure.
Proposal 2bbis: It is suggested to focus on how the data interruption time introduced by connected mode mobility can be minimized for R14 mobility enhancement.
Proposal 3: For R14 mobility enhancement, the following scenarios are supported:

- Scenario 1: Mobility from an anchor carrier of the source cell to an anchor carrier of a target cell;

- Scenario 2: Mobility from a non-anchor carrier of the source cell to an anchor carrier of a target cell.
Proposal 4: For R14 mobility enhancement, discuss whether the following scenarios are supported:
· Scenario 3: Mobility from an anchor carrier of the source cell to a non-anchor carrier of a target cell;
· Scenario 4: Mobility from a non-anchor carrier of the source cell to a non-anchor carrier of a target cell.
Proposal 5: Consider the following solutions for R14 NB-IoT mobility enhancement:

· Solution 1: UE reports the target cell to the source cell which trigger handover procedure towards the target cell;

· Solution 2: UE directly performs RRC connection establishment/reestablishment procedures towards the target cell;

· Solution 3: UE reports the target cell to the source cell, and then directly perform RRC connection establishment/reestablishment procedures towards the target cell.
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