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1. Introduction

A RAN2 study item to identify and evaluate mechanisms that enhance the ability of the RAN to handle traffic profiles comprising small data transfers has been agreed at RAN#59 [1]. Signalling overhead reduction and UE power consumption optimisation have been identified as the key objectives of this work. A number of solutions to achieve the objectives have been discussed. During RAN2#82, it was concluded that that in terms of radio signalling overhead, the most efficient solution for stationary UEs is to keep those UEs in connected mode, which implies that the mobility signalling overhead is the main open issue to solve for the non-stationary UEs. In this contribution, aspects related to mobility signalling are discussed and possible avenues to reduce the associated signalling overhead for long term connected UEs are highlighted.    

2. Mobility handling 

For non-stationary UEs, much of the mobility related signalling on the air interface (i.e. measurement reports, handover signalling) can be avoided by using UE controlled mobility. It is proposed to enable the option of using UE controlled mobility in connected mode for UEs with applications generating small and infrequent data transmissions. With this, the UE can be kept in long term connected mode with minimal overall (connection-establishment plus mobility-related) signalling overhead. Most of the building blocks necessary to enable UE controlled mobility exist in the current standard: 
· The UE may re-establish the connection potentially in a different cell; the procedure would succeed as long as the target cell is either prepared (forward preparation) or able to retrieve the UE context (backwards fetch). 
· Both forward preparation and backwards fetching of the UE context from source cell are part of the existing procedures 
· Forward preparation of target cell is part of existing handover preparation procedures. 

· Backwards fetching of UE context is possible by reusing the RLF Indication message (see 36.423 section 8.3.9.2). 
Thus, by mostly reusing these existing building blocks in the standards today, one feasible procedure that would minimise the mobility signalling is depicted in Figure 1 below. 
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Figure 1: Signalling sequence to resume DRB upon cell reselection

As per section 5.3.7.5 of 36.331, during reestablishment procedure, UE gets all the necessary information to recalculate the security keys and the nextHopChainingCount value (for subsequent cell changes) in the RRCConnectionReestablishment message. Thus, with this solution the sending of the security mode command (which is one of the largest signalling messages exchanged during connection setup) is avoided after cell change. 
Both for stationary UEs and non-stationary UEs, this solution provides the best signalling overhead by avoiding the handover signalling. Compared to the control plane solutions, this solution provides lower signalling overhead by avoiding the need for a connection setup procedure in a new target cell whilst still enabling data transfer over the user plane [3]. It should also be noted that an RRC Reconfiguration is not necessary as the DRB is not suspended in this case unlike Reestablishment due to RLF or Handover failure for instance. 
In case of very infrequent data transmission, the UE may be subjected to more cell reselections than data transmission occasions. In this scenario, it would be beneficial if the UE would attempt the RRC Reestablishment procedure as proposed above only upon a need for new data transmission (i.e. either new MO data or paging). In other words, this would also mean that the UE would be only listening to downlink paging channels for MT data in connected mode (i.e. the network could potentially at this point tear down the S1-U connection). Thus, the mean power consumption at the UE can be very low (i.e. same as idle mode power consumption). 

3. Conclusion and Recommendations
Proposal 1: To ensure minimal signalling overhead across a range of UE speeds, it is beneficial to consider the use of reestablishment procedures to enable UE controlled mobility in long term connected mode. It is hence proposed to add this as a potential solution in the MTC TR [4].  
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Appendix A: Text proposal for the TR

5.5.2
Solution 5b. Connected mode with UE controlled mobility

For non-stationary UEs, much of the mobility related signalling on the air interface (i.e. measurement reports, handover signalling) can be avoided by using UE controlled mobility. In this solution, the option of using UE controlled mobility in connected mode for UEs with applications generating small and infrequent data transmissions is enabled. With this, the UE can be kept in long term connected mode with minimal overall (connection-establishment plus mobility-related) signalling overhead. 

Most of the building blocks necessary to enable UE controlled mobility exist in the current standard: 

· The UE may re-establish the connection potentially in a different cell; the procedure would succeed as long as the target cell is either prepared (forward preparation) or able to retrieve the UE context (backwards fetch). 

· Both forward preparation and backwards fetching of the UE context from source cell are part of the existing procedures 

· Forward preparation of target cell is part of existing handover preparation procedures. 

· Backwards fetching of UE context is possible by reusing the RLF Indication message (see 36.423 section 8.3.9.2). 

Thus, by mostly reusing these existing building blocks in the standards today, the procedure depicted in Figure 5.5.2 below could be used to minimise the mobility signalling. 
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Figure 5.5.2: Signalling sequence to resume DRB upon cell reselection

As per section 5.3.7.5 of 36.331, during reestablishment procedure, UE gets all the necessary information to recalculate the security keys and the nextHopChainingCount value (for subsequent cell changes) in the RRCConnectionReestablishment message. Thus, with this solution the sending of the security mode command (which is one of the largest signalling messages exchanged during connection setup) is avoided after cell change. It should also be noted that an RRC Reconfiguration is not necessary as the DRB is not suspended in this case unlike Reestablishment due to RLF or Handover failure for instance. 

In case of very infrequent data transmission, the UE may be subjected to more cell reselections than data transmission occasions. In this scenario, it would be beneficial if the UE would attempt the RRC Reestablishment procedure as proposed above only upon a need for new data transmission (i.e. either new MO data or paging). In other words, this would also mean that the UE would be only listening to downlink paging channels for MT data in connected mode (i.e. the network could potentially at this point tear down the S1-U connection). This would also minimise the mean power consumption at the UE (i.e. same as idle mode power consumption). 

