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1. Introduction
In [1], RAN4 requests signalling support for feMTC enhanced RLM, which is described as follows:
	· RAN4 sees benefit in introducing a new triggering of events to RLM. The new events are as follows:

· Event M1: UE reports early Qout i.e. UE report event Qout offset by X and

· Event M2: UE reports early Qin i.e. UE reports event Qin offset by Y

· X and Y are fixed values defined in 36.133. The unit and values of X and Y are FFS.


Parameters and behaviour for supporting enhanced RLM are proposed below.
2. Description

2.1. Enhanced RLM description
Figure 1 illustrates enhanced RLM for feMTC for a cell.
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Figure 1: Illustration of enhanced RLM for feMTC

· According to current RLM specified in [2]: 

· “Out-of-sync” detection

· The threshold Qout_Cat M1 is defined as the level at which the downlink radio link cannot be reliably received and shall correspond to 10% block error rate of a hypothetical MPDCCH transmission with transmission parameters specified in Table 7.19.2-1, which includes the repetition level and the aggregation level. 

· The UE assesses the signal quality every frame based on measurements over the previous evaluation time. When the threshold is matched, Layer 1 sends an “out-of-sync” indication to Layer 3. Layer 3 filters these indications using an indication counter ((N310) and a timer (T310). 

· If the Layer 3 timer expires, an RLF is detected. 
· “In-sync” detection

· The threshold Qin_Cat M1 is defined as the level at which the downlink radio link quality can be significantly more reliably received than at Qout_Cat M1 and shall correspond to 2% block error rate of a hypothetical MPDCCH transmission with transmission parameters specified in Table 7.19.2-1. 
· The UE assesses the signal quality every frame based on measurements over the previous evaluation time. When the threshold is matched, Layer 1 sends an “in-sync” indication to Layer 3. Layer 3 filters these indications using an indication counter (N311).

· Upon Layer 3 receiving N311”in-sync indications”, the “out-of-sync” timer is reset.

· “Early-out-of-sync” detection using Early Qout Cat M1 threshold (Qearly-out_Cat M1)
· The Early Qout threshold is meant to be used to trigger the UE to notify the eNB that an RLF may be imminent so that the eNB may have the opportunity to reconfigure the configuration of the MPDCCH, which includes the repetition level and the aggregation level. This can extend the coverage and may avoid an RLF.
· The UE assesses the signal quality every frame based on measurements over the previous evaluation time. When the threshold is matched, Layer 1 sends an “early-out-of-sync” indication to Layer 3. Layer 3 filters the indications using an indication counter and a timer. 

· When the Layer 3 timer expires, the UE notifies the eNB with a Layer 3 message and the eNB may reconfigure the MPDCCH.

· “Early-in-sync” detection using Early Qin Cat M1 threshold (Qearly-in_Cat M1)

· The Early Qin Cat M1 threshold is meant to be used to trigger the UE to notify the eNB that the coverage may be reduced. The eNB may reconfigure the configuration of the MPDCCH, which includes the repetition level and the aggregation level. This may reduce resource utilization.

· The UE assesses the signal quality every frame based on measurements over the previous evaluation time. When the threshold is matched, Layer 1 sends an “early-in-sync” indication to Layer 3. Layer 3 filters the indications using an indication counter and a timer. 

· When the Layer 3 timer expires, the UE notifies the eNB with a Layer 3 message and the eNB may reconfigure the MPDCCH.
2.2. Layer 3 support for enhanced RLM
Early Qout Cat M1 threshold
The Layer 3 filtering associated with the Early Qout Cat M1 threshold should include a new notification counter and a new timer like those associated with the Qout Cat M1 threshold. The values of the new counter and timer should not always be set to the same values as those associated with another threshold, such as the Qout Cat M1 threshold, because the purpose and nature of the Early Qout Cat M1 threshold is different than that of other thresholds and flexibility is needed for the use of the threshold. It should be possible, for example, for the MPDCCH reconfiguration to take place up until the expiry of T310, when an RLF is detected.
Proposal 1: A new notification counter and a new timer associated with the Early Qout Cat M1 threshold shall be included in the Layer 3 specification.
The timer associated with the Early Qout Cat M1 threshold should be reset by the same condition as the timer associated with Qout Cat M1, which is after receiving N311 consecutive “in-sync” indications from the lower layer.
Proposal 2: The timer associated with the Early Qout Cat M1 threshold shall be reset after receiving N311 consecutive “in-sync” indications from lower layers and upon T310 expiry.
Early Qin Cat M1 threshold
The Layer 3 filtering associated with the Early Qin Cat M1 threshold should include a new notification counter and a new timer like those associated with the Qout Cat M1 threshold. The values of the new counter and timer should not always be set to the same values as those associated with another threshold, because the purpose and nature of the Early Qin Cat M1 threshold is different than that of other thresholds and flexibility is needed for the use of the threshold.

Proposal 3: A new notification counter and a new timer associated with the Early Qin Cat M1 threshold shall be included in the Layer 3 specification.
The timer associated with the Early Qin Cat M1 threshold should be reset upon receiving N311 consecutive “in-sync” indications from the lower layer. This is preferable to resetting the timer based on receiving “early-out-of-sync” indications. After the Early Qin Cat M1 timer expires, a new MPDCCH configuration may be received, which would result in new RLM threshold values. The old Early Qout Cat M1 threshold may be lower than the new Qout Cat M1 threshold since the coverage is reduced and the UE may be out of coverage when it applies the new configuration.
Proposal 4: The timer associated with Early Qin Cat M1 should be reset for after receiving N311 consecutive “in-sync” indications from lower layers.
3. Conclusion

Proposal 1: A new notification counter and a new timer associated with the Early Qout Cat M1 threshold shall be included in the Layer 3 specification.

Proposal 2: The timer associated with the Early Qout Cat M1 threshold shall be reset after receiving N311 consecutive “in-sync” indications from lower layers and upon T310 expiry.
Proposal 3: A new notification counter and a new timer associated with the Early Qin Cat M1 threshold shall be included in the Layer 3 specification.
Proposal 4: The timer associated with Early Qin Cat M1 should be reset for after receiving N311 consecutive “in-sync” indications from lower layers.
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