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1
Introduction
3GPP Rel-13 includes a work item entitled “Further LTE Physical Layer Enhancements for MTC” [1] with the objective is to specify a new Rel-13 low complexity UE category/type for MTC operation in any LTE duplex mode (full duplex FDD, half duplex FDD, TDD) based on the Rel-12 low complexity UE category/type supporting the some additional capabilities. Another key objective targets a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the new defined UE category/type and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage. 

During RAN2 #90 [2], only issues on idle mode mobility were studied, however the details of connected mode RRM functionality has not been discussed, thus in this contribution, we analyze the potential implication regarding the connected mode RRM functionality for Rel13 new type of UEs.
2
Discussion
While UE’s coverage could be enhanced by several techniques [1], this meanwhile raises challenges to connection management for network to handle. Radio link monitoring and how to handle the radio link failure are areas being impacted. 
To improve the coverage based on different radio condition, a cell could support e.g. three coverage enhancement levels. In connected mode, the eNB may manage the CE level of a certain UE according to the measurement report, CQI feedback etc. and indicates the required CE level/repetition of physical channels via physical layer signaling. 
In case of any problems indicated by physical layer, MAC or RLC, with legacy LTE procedures, the UE performs radio link monitoring, i.e. when T310 timer expires, it shall declare radio link failure and then attempt connection re-establishment. However, this may not be the best choice as the time and radio resource consumed for connection re-establishment may be substantial due to the required physical channel repetitions. For the UE which is not working in the highest CE level, it might be beneficial to maintain the RRC connection by moving to a higher CE level rather than triggering the radio link failure, therefore to avoid unnecessary re-establishment procedure. 
Observation 1: The RLF followed by the re-establishment procedure seems not to be optimal for the UE not operating at the highest CE level.
While if CE level cannot be changed to higher level, i.e. the UE is already working in the highest CE level, and it could not be served with the required coverage, it shall declare radio link failure and triggers connection re-establishment procedure to recover the connection.

Observation 2: Radio link failure followed by the re-establishment procedure seems beneficial only at the highest CE level.
The network would need to know the UEs coverage level in order that the UE can be scheduled in optimized manner i.e. with correct amount of repetitions. However at this time, the eNB may not be aware of current radio link condition and could not get any reliable measurement report from UE by applying the current repetition level. Therefore when the lower layer detects the radio link problem, it could be treated as a trigger for determining whether to change to a higher CE level and PHY/MAC/RRC signalling may be used to inform eNB about the CE level change. As the eNB provides in SIB a set of PRACH resources (e.g. time, frequency, and preamble) each associated with a CE level, UE could choose the PRACH resources corresponding to the newly identified CE level. Thus network will be aware of that based on the used PRACH resources and schedule UE with newly required repetitions accordingly. Therefore, the RA procedure could be initiated if the UE decides to apply a new CE level due to radio link problems.

Observation 3: Radio link problem for certain CE level could be a new trigger for RA procedure.

To support such UE autonomous CE level selection upon the lower layer problems, legacy radio link monitoring principle can be reused with different radio link failure criteria for each CE level, i.e., the individual SNR (Qin and Qout) thresholds and/or possibly different timers might be defined for each CE level, as a result the UE could perform the suitable procedure accordingly based on the radio measurement and its current CE level. 
Observation 4: Individual criteria for detecting radio link problem might be defined for each CE level separately.
3
Conclusion
This contribution analyzed some issues to support the connected mode mobility for the UE working in EC mode, the following observation were made. 

Observation 1: The RLF followed by the re-establishment procedure seems not to be optimal for the UE not operating at the highest CE level.

Observation 2: Radio link failure followed by the re-establishment procedure seems beneficial only at the highest CE level.
Observation 3: Radio link problem for certain CE level could be a new trigger for RA procedure.

Observation 4: Individual criteria for detecting radio link problem might be defined for each CE level separately.

Based on the analysis and observations above, having radio link monitoring and different actions based on different CE level could reduce radio signalling overhead by ignoring the unnecessary re-establishment procedure upon radio link problems. In addition, triggering RA for reporting the update CE level could synchronize the coverage situation between UE and eNB, as PRACH resources are selected based on the coverage condition of UE. Thus we propose
Proposal 1: The radio link failure is declared only when UE is working in the highest CE level.
Proposal 2: The UE not working at the highest CE level triggers the RA procedure to indicate eNB the update CE level in case of  radio link problem.
Proposal 3: Separate radio link problem criteria are defined associated with each CE level.
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