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1 Introduction
In RAN#88, a WI on additional enhancements for NB-IoT and LTE-MTC was approved [1] and one major objective is to enhance mobility for NB-IoT.

	· Specify signaling for neighbor cell measurements and corresponding measurement triggering before RLF, to reduce the time taken to RRC reestablishment to another cell, without defining specific gaps. [NB-IoT] [RAN2, RAN4].


In this contribution, we discuss mobility enhancements in connected mode.

2 Discussion
2.1 Motivation

In NB-IoT, mobility in connected mode can only be triggered by RLF. Before declaring radio link failure, the radio link will degrade and any ongoing data transfer will require multiple retransmissions and eventually fail completely, leading to a waste of UE power and radio resources.
After radio link failure detection, the UE will search for another cell in order to initiate RRC connection re-establishment procedure, this may require a lot of time during which the eNB may try to schedule the UE, adding to the waste of radio resources.
Mobility enhancements were discussed in Rel-14 and the common view was that latency was not an issue in NB-IoT and that, in general, it was better to try and complete the transaction on the current cell, even in bad coverage, considering the short-lived connection.

However, this was based on the most common use case at the time, i.e. stationary UEs.
As the market expands and GSM is being replaced, new use cases are supported, e.g. asset tracking, and latency becomes more important. Thus we believe that, for mobile UEs, it is beneficial to introduce enhancements to limit the interruption time by triggering the neighbouring cells measurements before the radio link failure and speeding up the recovery. At the same time, we should avoid increasing the power consumption of stationary UEs.
Proposal 1: RAN2 to target the mobility enhancements to mobile UEs and avoid impact on stationary UEs.
2.2 Mobility procedure
In LTE, mobility in RRC_CONNECTED mode is network-controlled and involves measurement configuration, timely measurement reporting, and a handover command. 

In NB-IoT, there are no stringent requirements on mobility performance while the concern is the UE power consumption and signaling overhead. In this context, network-controlled mobility does not seem very suitable and a UE-based solution is preferred.
Currently, mobility in connected mode is performed via the RRC Connection Re-establishment procedure for both the user plane and the control plane solutions. The procedure allows the retrieval of the UE context and the recovery of undelivered data. Assuming UE-based mobility is used in RRC_CONNECTED, we do not see any motivation for a change.

Proposal 2: RRC connection re-establishment procedure is reused as the mobility procedure.

2.3 Areas for enhancements

The figure below illustrates the process from RLF detection to RRC connection re-establishment.
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Based on the above figure, it can be seen that the delay in the mobility procedure is introduced in different steps:
· RLF detection

· Cell search and SIB reading 
· RRC connection reestablishment
RLF detection could be speeded up by configuring RLF timers and constants values more aggressively for mobile UEs, also new trigger(s) could be considered. 
Based on field tests, the delay introduced by the cell search is the biggest contributor to the overall delay, therefore optimisations should focus on this area.
There is not really much scope to optimise the RRC connection re-establishment procedure and thus we could exclude this step from the optimisations. 

Due to limited time budget, we suggest to focus on the following aspects:

· RRC_CONNECTED neighbour cell measurement mechanism

When to start the measurements and when/how to perform the measurements.
· RLF criteria.

Whether and how to enhance the RLF criteria. 

· Signaling to enable the above

As a result, we have the following proposal:
Proposal 3: RAN2 to discuss following issues on connected mode mobility:

· How neighbour cell measurement is triggered
· How to perform neighbour cell measurements in RRC_CONNECTED

· How RLF is triggered
· Signaling to enable the above
3 Conclusion
In this paper, we have discussed connected mode mobility enhancements for NB-IoT and made the following proposals: 

Proposal 1: RAN2 to target the mobility enhancements to mobile UEs and avoid impact on stationary UEs.
Proposal 2: RRC connection re-establishment procedure is reused as the mobility procedure.

Proposal 3: RAN2 to discuss following issues on connected mode mobility:

· How neighbour cell measurement is triggered
· How to perform neighbour cell measurements in RRC_CONNECTED

· How RLF is triggered

· Signaling to enable the above
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