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1 Introduction

RAN4 has discussed RRM measurement performance for normal and enhanced coverage for the last few meetings. The next steps include defining the core requirements, and radio link monitoring is a core part of that. RAN4 did define new RLM requirements for Rel-12 categories 0 UEs in section 7.11 of TS 36.133 because of its single receive antenna property as main difference. Similarly, RAN4 needs to develop new RLM requirements for Rel-13 MTC UEs which have different capabilities than Rel-12 category 0 UEs. In this paper we discuss the motivation to define new RLM requirements. Our companion paper includes simulation assumptions for RLM [1].  

2 Discussion on RLM for Rel-13 MTC UEs
The purpose of radio link monitoring is to monitor the radio link quality of the connected serving cell and use that information to decide whether UE is in in-sync or out-of-sync to that serving cell. UE performs measurement on downlink cell-specific reference symbols (CRS) for this purpose and this procedure is carried out by UEs in RRC_CONNECTED state.
Both PDCCH and PCFICH performance are used to evaluate the RLM performance in legacy RLM procedure. PCFICH is a cell-specific channel meaning that all UEs in a cell will share the same PCFICH parameters. According to latest RAN1 agreements [2], Rel-13 MTC UEs are not required to monitor the wideband channels, e.g. PDCCH/PCFICH. This will have an impact on existing way of performing RLM procedure since existing procedure uses PDCCH/PCFICH. 
· Observation #1: Rel-13 low complexity UEs and enhanced coverage UEs are not required to receive legacy PCFICH and legacy PDCCH. 
Since Rel-13 LC/EC UEs support operation in both normal coverage and enhanced coverage, it is expected that RLM requirements will be different. For example, one set of transmission parameters of the control channels may be used for normal coverage operation while another set of transmission parameters may be used in enhanced coverage. Therefore the requirements and the SNR levels may depend on the coverage scenario. 
· Proposal #1: RAN4 needs to define RLM requirements for UEs under normal coverage and enhanced coverage separately for Rel-13 MTC. 
Normal Coverage:
Although Rel-13 MTC normal coverage UEs are expected to have the same or similar coverage as legacy Rel-12 category 0 UEs, new RLM requirements are necessary to be specified to secure the same RLM performance as Rel-12 category 0 UE. The main motivation is that Rel-12 category 0 RLM requirements are based on PDCCH and PCFICH which is not the case for Rel-13. With reference to Observation#1, Rel-13 MTC UEs are not required to receive legacy wideband channels including PDCCH/PCFICH. As a result the existing RLM procedure cannot be reused. With reference to RAN1 agreements [2], however, a new channel, namely M-PDCCH, has been introduced for Rel-13 MTC UEs. RAN4 needs to study RLM performance using the new M-PDCCH channel and the new RLM requirements should be defined accordingly. It should be also noted that M-PDCCH is transmitted on 6 or smaller number of PRBs regardless of the system bandwidth, and it is assumed to be demodulated with DM-RS. Moreover, RAN1 has agreed to introduce the frequency hopping which changes the resource blocks within the system bandwidth and it will combat frequency fading.
· Proposal #2: RAN4 needs to study RLM performance using M-PDCCH channel for Rel-13 MTC UEs under normal coverage. 
Enhanced Coverage:

The main motivation of Rel-13 MTC operation under enhanced coverage is to enable UE to operate under low SNR levels by extending the coverage.  Various enhancement techniques are used to achieve this, e.g. additional aggregation level and repetitions of control channels including M-PDCCH. RAN1 has agreed to introduce a new aggregation level 24 that would be useful for enhancement coverage. The repetition level will be a function of coverage enhancement level. For instance, coverage extension of 5 dB may require N number of repetition of M-PDCCH while coverage extension of 10 dB may require N+M number of repetitions. Obviously, this has a strong relation to achievable BLER of the channel. Since RLM is based BLER performance of control channel (M-PDCCH), this needs to be studied when defining the RLM requirements for enhanced coverage. 
· Proposal #3: RAN4 needs to study RLM performance using M-PDCCH and repetitions for Rel-13 UEs under enhanced coverage. 

RLM Performance Parameters:
The main RLM parameters used to define RLM requirements are: 
· Out of Sync (OOS) and In Sync (IS) thresholds

· Evaluation period of DL radio signal quality for OOS and IS detections

· Control channel transmission parameters for applicability of OOS and IS detection

OOS and IS thresholds correspond to 10% and 2% of hypothetical BLER of the control channel (PDCCH in Rel-12). It is our view that same OOS and IS thresholds can be made applicable also for Rel-13 MTC UEs. The legacy RLM procedure comprises a mapping between measured reference symbols and hypothetical BLER of PDCCH transmissions. A similar mapping between the RS and hypothetical BLER of M-PDCCH transmissions is needed for Rel-13 MTC UEs. This mapping is implementation specific. It is expected that the SNR levels which correspond to the OOS and IS threshold may change for this new type of UEs due to the new channel, characteristics of the UE, and operating scenario. As mentioned earlier, M-PDCCH channel may use repetitions and frequency hopping. 
The new BLER mapping of M-PDCCH transmissions may depend on several parameters such as repetition levels, coverage areas, number of receive antennas, transmit antennas, DCI format, duplex mode, aggregation level, control channel region etc. As an example, at legacy SNR levels, e.g. -6 dB SNR, BLER may be as good as in legacy RLM procedure, but at even lower SNR levels for coverage enhancement, e.g. -12 dB the BLER performance might be significantly degraded. The BLER of new channel may depend on these parameters and the new requirements should take into account them. 
· Proposal #4: A new BLER mapping of hypothetical M-PDCCH transmissions are needed for Rel-13 MTC UEs.
3 Initial Link Simulation Results for normal coverage
In this section we present initial link level simulation results for RLM under normal coverage. 
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Figure 1
M-PDCCH BLER with DCI format 1C (13bits w/o CRC) for single Tx antenna.
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Figure 2
M-PDCCH BLER with DCI format 1A (27bits w/o CRC) for single Tx antenna.
Figure 1 and Figure 2 show RLM simulation results for ETU30 channel according to simulation parameters in Table 1 and Table 2, respectively in the proposed simulation assumptions in [1]. For reference, we compare M-PDCCH with PDCCH/PCFICH. Note that no power boosting was applied to any of the control channels. 
It should be noted that RAN1 is still discussing the DCI formats corresponding to DCI 1C and 1A, frequency hopping pattern parameter, and repetition level. Therefore, in this simulation, we set the same number of bits used for PDCCH, i.e., 13 bits for in-sync scenario and 27 bits fir out-of-sync scenario. Also no frequency hopping was enabled. The results in Figure 1 and 2 show the result of repetition level 10 and 50 only with the aggregation level 16. 

It is observed from these figures that a higher aggregation level might be needed for M-PDCCH to meet the same SNR-BLER target as PDCCH. One reason is that fewer number of OFDM channel symbols are used for M-PDCCH compared to PDCCH; this means the coding rate of M-PDCCH is higher than PDCCH. Another reason is that M-PDCCH is transmitted within 6 PRBs whereas PDCCH is transmitted over 50RPB when the system bandwidth is 10MHz. the narrowband transmission degrades performance especially in the fading condition such as ETU30.  Therefore aggregation level 16 for out-of-sync and 8 for in-sync may be considered. Frequency hopping should also be considered because of narrower band transmissions. 

The presented results and discussion above is for the normal coverage scenario. For the enhanced coverage case, RLM should be studied with more repetitions as well as with higher aggregation levels. However RAN4 should wait for the RAN1 conclusion regarding the coverage enhancement parameters such as repetition level, PDSCH MCS, etc… It should be also noted that the measurement period may need to be extended with the increased repetition level. RAN4 should discuss the extension of T1-T5 used for in-sync and out-of-sync requirement.
· Observation #3:   RLM performance is degraded with M-PDCCH compared to PDCCH. More specifically, the required SNR levels to meet the in-sync and out-of-sync BLER targets are much higher for M-PDCCH compared to PDCCH. 
4 Conclusion
In this paper, we discuss RLM requirements for Rel-13 MTC UEs under normal and enhanced coverage. The rationale for defining two separate requirements for normal and enhanced coverage is also explained. Based on the discussions, we make the following observations and proposals: 
· Observation #1: Rel-13 low complexity UEs and enhanced coverage UEs are not required to receive legacy PCFICH and legacy PDCCH. 

· Observation #2: Due to that Rel-13 MTC UEs do not read PCFICH some change in M-PDCCH decoding technique is expected compared to legacy RLM procedure which is based on PDCCH and PCFICH. 

· Proposal #1: RAN4 needs to define RLM requirements for UEs under normal coverage and enhanced coverage separately. 

· Proposal #2: RAN4 needs to study RLM performance using M-PDCCH channel for Rel-13 MTC UEs under normal coverage. 
· Proposal #3: RAN4 needs to study RLM performance using M-PDCCH and repetitions for Rel-13 UEs under enhanced coverage. 

· Proposal #4: A new BLER mapping of hypothetical M-PDCCH transmissions are needed for Rel-13 MTC UEs.
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