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1 Background
RAN4 indicated to see the benefit of two new events for enhanced RLM in feMTC [1]:
· 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. 

RAN4 asks RAN2 to introduce these two new events for REL-14 feMTC [1]. In this contribution the RAN2 impact is evaluated further.
First some background information is provided in chapter 2. In chapter 3 the two new events are discussed in more details and a way forward is proposed. A draft CR to 36.331 is also provided for information.  
2 Background information about RLM
The UE performs Radio Link Monitoring (RLM) to determine when there is Radio Link Failure (RLF). When there is RLF the UE triggers RRC re-establishment to find another suitable cell. 

The UE performs RLM measurements based on an estimated SNR of the CRS, which is mapped to a hypothetical control channel performance (MPDDCH). Based on these RLM measurements the UE determines a percentage of BLER that is experienced. The CRS signals used for these measurements can be from any downlink channel, e.g. data or  control channel. With these RLM measurements the UE shall determine Qout (out-of-sync) and Qin (in-sync) which correspond to 10% and 2% BLER respectively. The hypothetical MPDCCH control channel model includes the MPDCCH configuration, e.g. the configured <CE mode, repetition level, aggregation level>. See table 7.19.2-1 and 7.19-4-1 for M-PDCCH transmission parameters for out-of-sync and in-sync for UE category M1 with CE mode A and CE mode B respectively for further details. 
To ensure that different UE implementations determine the 2% BLER (Qin) and 10% BLER (Qout) based on the measured RS-SINR at the same time, RAN4 defined performance test cases as specified in Appendix A.7.3.1 of TS 36.133.  The purpose of the RAN4 test cases is to verify that the UE properly detects the out of sync and in sync for the purpose of monitoring downlink radio link quality of the PCell. 
When Qout/Qin is triggered with RLM measurements, then an out-of-sync/in-sync indications can be provided every 10 ms from the lower layers to layer 3. There is then further L3 filtering with counters N310/N311 before RLF or recovery from RLF is determined at L3. Some more details w.r.t. RLM with CE mode A and B from 36.133 are provided for reference below: 
CE mode A 

· 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.

· 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.

· When the downlink radio link quality of the PCell estimated over the last 400 ms period becomes worse than the threshold Qout_CatM1, Layer 1 of the UE shall send an out-of-sync indication for the PCell to the higher layers within 400 ms Qout_CatM1 evaluation period. A Layer 3 filter shall be applied to the out-of-sync indications as specified in TS 36.331 [2].

· When the downlink radio link quality of the PCell estimated over the last 200 ms period becomes better than the threshold Qin_CatM1, Layer 1 of the UE shall send an in-sync indication for the PCell to the higher layers within 200 ms Qin_CatM1 evaluation period. A L3 filter shall be applied to the in-sync indications as specified in TS 36.331 [2].

· The out-of-sync and in-sync evaluations of the PCell shall be performed as specified in clause 4.2.1 in [3]. Two successive indications from Layer 1 shall be separated by at least 10ms.

CE mode B 

· The UE shall estimate the downlink radio link quality and compare it to the thresholds Qout_Cat M1 and Qin_Cat M1 for the purpose of monitoring downlink radio link quality of the PCell.

· 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.

· 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.

· When the downlink radio link quality of the PCell estimated over the last 4000 ms period becomes worse than the threshold Qout_CatM1, Layer 1 of the UE shall send an out-of-sync indication for the PCell to the higher layers within 4000 ms Qout_CatM1 evaluation period. A Layer 3 filter shall be applied to the out-of-sync indications as specified in TS 36.331 [2].

· When the downlink radio link quality of the PCell estimated over the last 2000 ms period becomes better than the threshold Qin_CatM1, Layer 1 of the UE shall send an in-sync indication for the PCell to the higher layers within 2000 ms Qin_CatM1 evaluation period. A L3 filter shall be applied to the in-sync indications as specified in TS 36.331 [2].

· The out-of-sync and in-sync evaluations of the PCell shall be performed as specified in clause 4.2.1 in [3]. Two successive indications from Layer 1 shall be separated by at least 10ms.

In the figure below the basic operation of RLM measurements with out-of-sync and in-sync indications from lower layers when the DL radio link quality drops below 10% and rises above 2% again, and the L3 filtering with N310 and N311 is depicted: 
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Figure 1: RLM measurements and RLF.
3 Discussion
The intention with enhanced RLM and the introduction of two new events is to improve intra-cell mobility. It is noted one more time that the 2%/10% BLER experienced by the UE, i.e. when the UE triggers Qin/Qout, is dependent on the UE configuration, e.g. <CE mode, repetition level, aggregation level>, where the repetition level is probably the most important factor. The RLM enhancement also has been denoted as repetition level feedback event in RAN4. It is obvious that a UE that is configured with a few repetitions will experience Qout and RLF more quickly than a UE that is configured with a high number of repetitions. 
The RAN4 proposal is to introduce an “early” Qout, such that a pending RLF can potentially be avoided through reconfiguration of additional resources, and to introduce an “early” Qin (which should be interpreted as an Q”very”in) that indicates that the UE is “over-configured”, such that NW resources and power can be saved by reconfiguring a lower number of resources. An attempt is made to depict this in the figure below: 
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Figure 2: Two new events to indicate “over-“ and “under-“configuration.
It is stressed one more time, that these new events intend to improve intra-cell mobility, i.e. when the UE roams out of the coverage area of the cell with a maximum configuration there is not much to do, and an early RLF may be more appropriate: 
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Figure 3: Intra-cell mobility improvements.

Based on RSRP/RSRQ measurement reporting the eNB could also reconfigure the UE however periodic measurement reporting is power consuming for the UE. Furthermore the RSRP/RSRQ measurement accuracy in enhanced coverage is poor. Based on CQI reporting the eNB could also reconfigure the UE, however CQI reporting is not supported in CE mode B. 
In case early Qin/Qout indications are provided by the lower layers, they should be subject to L3 filtering to avoid the eNB to react on a potential improvement or degradation of the link quality too quickly. More specifically an early Qin can be cancelled by subsequent early Qouts, and an early Qout could be cancelled by subsequent Qins. There is no need for a TimeToTrigger with these new RLM events. When the trigger condition for the early Qin/Qout is met, the UE would send a RLM report to the eNB. 

When the eNB receives an enhanced RLM report it is completely up to the eNB how to act on it, i.e. the eNB is likely to take into account other measurements, either reported by the UE, or measured by the eNB itself, and also consider other aspects like resource utilization in the eNB. Nevertheless the eNB will react on these RLM reports with an RRC re-configuration when this is the proper thing to do.
These RLM enhancements can be configured in the UE dependent on the UE support. The optional/mandatory aspects are typically discussed later, but it is assumed that this will be an optional feature, when agreed.
From the description of enhanced RLM above it is clear that this enhancements enables a better configuration with intra-cell mobility, which is beneficial for both UE (power consumption) and NW (resources). But also for more stationary scenarios there can be a benefit when the assessment in the eNB is insufficient. Therefore it is proposed: 
Proposal 1: Introduce enhanced RLM reporting for BL UE and UE in CE in REL-14.
RAN4 will define the trigger conditions for early Qin/Qout (e.g. X/Y % BLER or X/Y dB from Qin/Qout). RAN2 is (only) tasked to fix the reporting, i.e. signalling aspects. 
RAN4 also indicated that the following optional information (i.e. “recommended configuration”) could be reported: 

· excess repetitions of MPDCCH

· recommended aggregation level of MPDCCH

· recommended repetition level for MPDCCH

· recommended CE Mode

· excess repetitions for PDSCH (FFS)

· recommended repetition level for PDSCH (FFS)

The RLM event reporting, i.e indicating “earlyQin” and “earlyQout” are the essential part for enhanced RLM, and to limit the time to introduces enhanced RLM reports in REL-14, it is proposed to only introduce these two indications, without the recommended configurations mentioned above. For the “recommended configuration” further analysis is required to specify how the UE determines those values, how it is ensured that those recommendations are accurate, and independent of the UE implementation, such that the eNB can rely and act on them, and how any combination of those parameter values should be considered. RAN4 performance test cases are required to ensure those requirements. Furthermore how the UE determines these “recommended” configuration parameter values should be defined in RAN4 specifications, i.e. should be left to RAN4 to discuss further:
Proposal 2: For the enhanced RLM reporting only “earlyQin” and “earlyQout” event indications are introduced in REL-14.

RAN2 impact

The RAN2 impact depends on the selected signaling solution:

1. new measurement events/configuration/reporting

2. UEAssistanceInformation
3. …
A draft CR for 36.331 is provided for information and further discussion, which includes option 2. This is a simple option where the UE filters the early-out-of-sync and early-in-sync indications, similar as with RLF. The two new events are denoted as “early detection of physical layer problems” and “detection of physical layer improvements”. It needs to be discussed more whether the existing timers and counters with RLF can be re-used or if new timers are needed (timer T310, and counters N310, N311). Furthermore some consideration on the limiting excessive UE reporting may be needed (e.g. if a timer is needed, in addition to the configuration). But the RAN2 impact could be fairly limited. 
4 Summary

RAN2 is kindly asked to discuss enhanced RLM reporting for feMTC: 

Proposal 1: Introduce enhanced RLM reporting for BL UE and UE in CE in REL-14.

Proposal 2: For the enhanced RLM reporting only “earlyQin” and “earlyQout” event indications are introduced in REL-14.

A draft CR for 36.331 is provided for information.
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