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1 Background
During RAN2#95bis possible RLF enhancements were discussed [1]. In RAN2#95bis however it was agreed that the mobility, including RRC re-establishment for CP solution, uses the existing RLF procedure:
· Mobility is triggered by RLF
In this contribution RLF enhancements for NB-IoT are discussed further. 

2 Discussion
REL-13 RLF 

RLF procedure:

· upon receiving N310 consecutive "out-of-sync" indications the UE detects physical layer problem and starts T310 to allow a potential recovery
· when N311 consecutive "in-sync" indications are detected while T310 is running, then T310 is stopped
· when T310 expires Radio Link Failure (RLF) is detected, the UE goes to Idle mode, and tries to find a suitable cell to re-establish the RRC connection via cell selection
The following RLF parameter ranges are available in NB-IoT:


t310-r13


ENUMERATED {ms0, ms200, ms500, ms1000, ms2000, ms4000, ms8000},


n310-r13


ENUMERATED {n1, n2, n3, n4, n6, n8, n10, n20},


n311-r13


ENUMERATED {n1, n2, n3, n4, n5, n6, n8, n10},
A “fast RLF” can be configured with:
· A small N310 to trigger physical layer detection quickly

· A short T310 timer to have a short recovery period, and even avoid recovery completely

NOTE: the other way around is also possible, i.e. “slow RLF”, where with a high N310 and low N311 the UE “sticks” a bad connection before giving up on it. 
RLF enhancements
In the way forward with “fast RLF” in RAN2#95bis two different options were discussed [1]:
· Proposal 1: Use Fast RLF as today:
· Start measurement for neighbour cell based on RSRP criteria,

· Neighbour cell better offset than serving cell:  start T312, monitor recovery check

· T312 expires: move to the selected cell

· Need to create measurement gap
· Benefit: higher probability to find a better cell
· Proposal 2: New type of Fast RLF
· Detect PHY failure: start T310, start measurements of neighbour cells

· Neighbour cell better offset than serving cell: move to the selected cell

· T310 expires:  normal RLF mechanism
· Benefit: do not need measurement gaps
Option 1

The UE retains the connection with the serving cell after physical layer problem has been detected (i.e. after N310 consecutive "out-of-sync" indications from serving cell), but with the use of measurement gaps the UE is able to perform inter-frequency measurements, to potentially find a better cell to re-establish to, while still allowing a potential recovery on the serving cell. RRC measurement configuration to configure measurement gaps is not supported in NB-IoT. In case measurement gaps are configured, the signaling to configure gaps, and the measurement gaps itself go at the expense of the effective data throughput. With the expected small data transmissions in NB-IoT it is not obvious if the UE is better advised to try to complete the data transmission on a bad cell, or to accept the overhead to move to a better cell to finish of the last bytes? With small data transmissions a conservative approach to keep the UE on the serving cell a bit longer is better. 
In legacy LTE the UE is expected to be able to find a suitable cell on the same frequency, i.e. intra-frequency cell. The UE can perform intra-frequency measurements in connected mode without measurement gaps. However in NB-IoT the neighbouring cell is perhaps not on the same non-anchor PRB, unless only one NB-IoT carrier is deployed. 

Option 2

After physical layer problems have been detected, the UE does not allow a potential recovery, but aborts the connection with the eNB to start inter-frequency measurements to find a cell that is better than an offset compared to the serving cell. It assumed that the UE comes back on the serving cell, when such target cell is not found. In our understanding this behavior is already supported in REL-13 with T310 = 0.

UE implementation
With the “natural gaps” associated with the NB-IoT physical channels, or when DRX in connected mode is configured a UE implementation can decide to perform inter-frequency measurements when the connection with the serving cell becomes bad. These measurements can pro-actively prepare, when needed, for the measurements performed after RLF is detected. 

In our view it is not clear whether measurement gaps to enable pro-active measurements are justified (option 1), or if it is justified that the UE should pre-empt the existing connection (option 2). Then there are also UE implementation options to perform pro-active measurements already: 
Proposal 1: Connected mode mobility is based on the existing RLF procedure 
3 Summary

RAN2 is kindly asked to discuss fast RLF for NB-IoT: 

Proposal 1: Connected mode mobility is based on the existing RLF procedure 
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