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1
Introduction
3GPP RAN has approved a Rel.14 work item of Enhancements of NB-IoT [1] to extend the scope for supporting some further features comparing with Rel.13 NB-IoT. One of the objective is to design the necessary Mobility and service continuity enhancements, which improves the service continuity and avoid NAS recovery for both CP and UP solutions without the increasing of UE power consumption for the UE in connected mode.
RAN2 agreed following in the scope of Rel13 NB-IoT mobility functionalities:

RAN2 #91bis [2]: The features below are not supported in Rel13
· Inter-RAT cell-reselection, or Inter RAT mobility in connected mode (Note that in this respect NB-IOT is a separate RAT from LTE). 
· Network controlled handover. We will not have measurement reporting either, but can be discussed based on contributions.  

RAN2 #AdHoc [3] in January 2016 for NB-IoT:

· At RLF, for solution 2, reestablishment is not supported so the UE would be released to Idle. For solution 18 it would be possible to do reestablishment (it is FFS if at reestablishment failure the UE would be released to Idle, as for legacy LTE). 

RAN2 #93bis [4]:

· The NAS recovery is needed when UE enters RRC_IDLE following RLF for the CP solution, at least where there is more data for transmission. 

· We confirm that for Solution 18 (i.e. UP Optimisation Solution), RRC Connection Re-establishment should be performed due to radio link failure (as in legacy LTE, because AS security is activated).

In this paper, we’d investigate the potential solutions to improve the mobility performance for UP solution.
2
Discussions
In Rel-13 NB-IoT, the only mobility mechanism for connected mode is radio link monitoring. When UE moves to a new cell, it has to declare radio link failure as the connection with the serving cell is in bad condition. If the UP solution is applied, the UE then needs to perform RRC Connection Reestablishment procedure towards the selected suitable cell to recover the connection.

Observation 1: For UP solution, the RRC Connection Reestablishment procedure may be triggered when the UE is moving to a new neighbouring cell.

For the UE with occasional application packets, the UE controlled mobility, i.e., the UE does not report measurement result but performs RRC Connection Re-establishment procedure when it finds a more suitable cell, could save the signalling load for measurement reporting/configuration over Uu interface. The gain is more significant if the UE is working in the deep CE level, which requires more radio resources for transmission and repetition. With the proper cell reselection criteria, the UE would be able to find a potential “better” cell than the serving cell at the early stage before the declaration of RLF. For NB-IoT, the ranking based mechanism is supported for both inter-frequency and intra-frequency cell reselection. Hence the new cell-ranking criterion Rs for serving cell and/or Rn for neighbouring cells could be defined by introducing specific parameters for UE controlled mobility in connected mode for NB-IoT UEs. The new specific parameters could be broadcasted in the system information together with the regular cell reselection parameters.

Proposal 1: The IDLE state similar UE-controlled mobility is considered to reduce the signalling overhead and the UE power consumption.

Proposal 2: The new parameters used for UE controlled mobility in CONNECTED state are broadcasted.
The RRC Connection Reestablishment Request contains the C-RNTI used in the source cell, the PCI of the source cell and the short MAC-I calculated based on the keys of the source cell. When the target eNB receives the message for re-establishment, it will try to retrieve the UE context that matches the C-RNTI used in the cell identified by the PCI, and then verifies this message with the Short MAC-I. 
The target eNB can accept the request for RRC Connection Re-establishment only if it has been prepared with a UE context. The target eNB may provide the C-RNTI and Short MAC-I in X2 RLF indication message to the serving eNB identified by the PCI. If the serving eNB matches the correct context by the C-RNTI and Short MAC-I, it may trigger the Handover Preparation procedure towards the target eNB to provide the derived UE context.

Observation 2: The RLF indication and Handover Preparation procedure could support the context fetch during the RRC Connection Reestablishment procedure upon mobility.

As another option, the new X2 Retrieve Context procedure defined for Rel-13 NB-IoT to resume the connection towards an eNB without valid UE context might be reused during the RRC Connection Reestablishment procedure caused by the mobility. I.e. the source eNB identifies the suspended UE context by means of the Short MAC-I and the Resume ID and forwards the stored UE context to the target eNB. 
Currently, the eNB does not assign the Resume ID until the RRC Connection is suspended. Thus when the RRC Connection Reestablishment procedure is triggered due to RLF caused by the mobility, the UE does not have the valid Resume ID. In order to utilize the Resume ID during the Retrieve Context procedure followed by the RRC Connection Reestablishment procedure, the eNB may assign it to UE prior to the RRC Connection suspension; for example, during the RRC Connection Setup/Reconfiguration or Resume procedure.

In addition, the UE identifier used for normal RRC Connection Reestablishment is C-RNTI allocated by the source cell.  In order to get the Resume ID to be provided in the Retrieve Context Request message, the UE may need to provide Resume ID assigned by the source cell during connected state in the RRC Connection Reestablishment Request message instead. Thus the existing ue-Identity needs to be updated, i.e. to contain the Resume ID instead of the C-RNTI and PCI for this purpose.

Observation 3: The X2 Retrieve Context procedure requires enhancement in Uu interface to fetch the context between source eNB and target eNB upon RRC Connection Reestablishment.
How the target eNB gets the UE context to re-establish the connection is essential for the success of the mobility, therefore, the mechanism analysed above, i.e. the RLF indication and Handover Preparation procedure or the Rel-13 X2 Retrieve Context procedure shall be studied. However, this choice should be a RAN3 decision by considering the potential impact to Uu interface into account. 
Proposal 3: Clarify that how context fetch is supported during the UE controlled mobility is a RAN3 decision.

Proposal 4: RAN2 informs RAN3 the potential impact for each context fetch solution.
3
Conclusions

This contribution has analysed potential solutions for the improving the mobility performance for NB-IoT when UP solution is applied, following observations were made:

Observation 1: For UP solution, the RRC Connection Reestablishment procedure may be triggered when the UE is moving to a new neighbouring cell.

Observation 2: The RLF indication and Handover Preparation procedure could support the context fetch during the RRC Connection Reestablishment procedure upon mobility.

Observation 3: The X2 Retrieve Context procedure requires enhancement in Uu interface to fetch the context between source eNB and target eNB upon RRC Connection Reestablishment.
And based on the observations above, we propose for UP solution:
Proposal 1: The IDLE state similar UE-controlled mobility is considered to reduce the signalling overhead and the UE power consumption.

Proposal 2: The new parameters used for UE controlled mobility in CONNECTED state are broadcasted.

Proposal 3: Clarify that how context fetch is supported during the UE controlled mobility is a RAN3 decision.
Proposal 4: RAN2 informs RAN3 the potential impact for each context fetch solution.
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