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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]The requirements for eMTC RLM were discussed in RAN4#77 [1-5] and the eMTC RLM simulation assumption was also agreed [6] for both CEModeA and CEModeB. Due to MPDCCH DCI Formats and contents were not finalized in RAN1 until after RAN4#77, a revised version of the eMTC RLM simulation assumption was proposed in [7]. In this document, we discuss eMTC RLM requirement in CEModeA with the preliminary simulation results based on the revised simulation assumption in [7]. 

Discussion
Simulation assumptions
The revised eMTC RLM simulation assumption in [7] covers both CEModeA and CEModeB. In this paper, we will focus our discussion on eMTC RLM requirements in CEModeA. In the following, we will first present the preliminary simulation results for CEModeA with antenna configuration of 2x1 for FDD. For convenience, the simulation parameters for CEModeA are copied into following table.

Table 1: eMTC RLM Simulation Assumptions for CEModeA
	Parameter
	Value for CE Mode A

	DCI format
	DCI format  6-1A

	System Bandwidth
	10 MHz

	Channel model
	AWGN, ETU30, EPA5

	Antenna configuration
	2x1

	Number of information bits 
	FDD: 28

	Antenna correlation
	Low

	Repetition level
	{2, 4}

	Aggregation level (ECCE)
	{4 , 8, 16}

	Starting OFDM symbols
	2 

	DRX
	OFF

	Frequency hopping
	OFF

	Number of PRB pairs for M-PDCCH
	2 for Aggregation level ={4,8}
4 for Aggregation level ={4,8,16}

	Transmission type configured to UE for M-PDCCH
	Distributed

	DMRS scrambling sequence initialisation parameter for UE-SS
	PCID=1

	UE timing error
	0 us

	UE frequency error
	50 Hz



Preliminary simulation results
Figure 1 shows the simulation results with AWGN channel model, Figure 2 with EPA5, and Figure 3 with ETU30.
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Discussion of MPDCCH simulation results
From the MPDCCH simulation results with different channel modes shown in above figures, we can observe that 
Observation 1: The MPDCCH performances of using 2PRBs and 4 PRBs are very close, if other simulation settings are the same;
Observation 2: The MPDCCH performances with AWGN channel and with EPA5/ETU30 channels are significant different;
Observation 3: The MPDCCH performances with EPA5channel and with ETU30 channel are quite similar if other simulation settings are the same;
Observation 4: The MPDCCH performances with AWGN channel in high SNR region, e.g., SNR >-4dB are generally much better than the performances with EPA5/ETU30 channels, which may not necessarily be true in low SNR region, e.g., SNR<-10dB;
Comparison of the MPDCCH with legacy PDCCH performance for RLM
PDCCH performance for RLM requirements was intensively investigated previously for legacy UEs and also recently for Rel-12 Category 0 UEs, e.g., [8-11]. When an eMTC UE operates in CEModeA, it is desirable that the eMTC UE to have at least the same (or a small improvement) cell coverage as a legacy UE.  
SNR levels for legacy RLM requirements
For the sake of discussion, here we use the recent PDCCH simulation results shown in [11] for legacy RLM requirements for the comparison of the MPDCCH and the PDCCH performance for RLM requirements. As shown in [11], the SNR levels for legacy RLM requirement with 2x2 antenna configuration corresponding to 1% PDCCH BLER (in-sync) and 10% PDCCH BLER(out-of-sync) are about:
{-7.5dB, -13dB}(AWGN) and {-5.5dB, -11dB}(ETU30) corresponding to {1%, 10%} PDCCH BLER
MPDCCH RLM out-of-sync requirements
In order to match the coverage level of a legacy UE, it is desirable that the SNR level corresponding to RLM out-of-sync requirement, i.e., 10% MPDCCH BLER, should be near the SNR levels for legacy RLM out-of-sync requirements corresponding to 10% PDCCH BLER. As shown in Figure 1 and Figure 3, among all simulated MPDCCH settings, the SNR levels corresponding to 10% MPDCCH BLER with the setting of {AL=16, R=4} are about
-11.5dB (AGWN) and -9dB (ETU30) corresponding to 10% MPDCCH BLER
which are the closest to the SNR levels for legacy RLM out-of-sync requirements with 10% PDCCH BLER
-13dB (AWGN) and -11dB (ETU30) corresponding to 10% PDCCH BLER
Observation 5: Among all simulated MPDCCH settings for CEModeA, the SNR levels corresponding to 10% MPDCCH BLER with the setting of {AL=16, R=4} are the closest to the SNR levels  for legacy RLM out-of-sync requirements with 10% PDCCH BLER;
For these simulation results, there are still about 1.5-2dB differences between the SNR levels corresponding to 10% PDCCH BLER in legacy RLM out-of-sync requirement and to 10% MPDCCH BLER with the setting of {AL=16, R=4}. The differences may need to be further reduced with different MPDCCH settings.
Observation 6: For CEModeA, there are about 1.5-2dB differences between the SNR levels corresponding to 10% PDCCH BLER in legacy RLM out-of-sync requirement and to 10% MPDCCH BLER with the setting of {AL=16, R=4}. If this difference is confirmed by the simulation from other companies, and if we want to keep at least the same (or small improvement of) cell coverage in terms of the control channels for RLM out-of-sync requirements, we may need to consider a different MPDCCH setting for eMTC RLM out-of-sync requirement (e.g., using a larger number of repetitions);
MPDCCH RLM in-sync requirements
For legacy UEs, the RLM in-sync requirement is defined based on 1% PDCCH BLER. The SNR levels corresponding to 1% PDCCH BLER for legacy RLM in-sync requirement, as shown previously, are about -7.5dB for AWGN and -5.5dB for ETU30. Figure 1 and 3 show that for AWGN the SNR levels corresponding to 1% MPDCCH BLER are also about to -7.5dB with {AL=8, R=4} and {AL=16, R=2}. In another word, if we use MPDCCH with settings of {AL=8, R=4} or {AL=16, R=2} for eMTC RLM in-sync requirement, the SNR level corresponds to 1% MPDCCH BLER is very close to the SNR level for legacy RLM in-sync requirement for AWGN channel. For ETU30, however, the SNR levels corresponding to 1% MPDCCH BLER are about -3dB with {AL=8, R=4} and {AL=16, R=2}, which is about 2.5dB higher than the SNR levels corresponding to 1% PDCCH BLER. If we ignore the difference and use MPDCCH settings  {AL=8, R=4} and {AL=16, R=2} for eMTC RLM in-sync requirement, it implies that the eMTC UE may have a larger delta SNR between in-sync and out-of-sync thresholds for some channel conditions.
Observation 7: For AWGN channel, the SNR levels corresponding to 1% MPDCCH BLER are about -7.5dB with {AL=8, R=4} and {AL=16, R=2}, which is similar to the SNR level of legacy PDCCH RLM in-sync requirement. For ETU30 channel, however, the SNR levels corresponding to 1% MPDCCH BLER are around -3dB with {AL=8, R=4} and {AL=16, R=2}, which is about 2dB higher than the SNR level corresponding to 1% PDCCH BLER of legacy PDCCH RLM in-sync requirement in the refereed simulation results.
Summary
In this paper, we discussed eMTC UE RLM requirements for CEModeA with our preliminary simulation results. It was observed that
Observation 1: The MPDCCH performances of using 2PRBs and 4 PRBs are very close, if other simulation settings are the same;
Observation 2: The MPDCCH performances with AWGN channel and with EPA5/ETU30 channels are significant different;
Observation 3: The MPDCCH performances with EPA5channel and with ETU30 channel are quite similar if other simulation settings are the same;
Observation 4: The MPDCCH performances with AWGN channel in high SNR region, e.g., SNR >-4dB are generally much better than the performances with EPA5/ETU30 channels, which may not necessarily be true in low SNR region, e.g., SNR<-10dB;
Observation 5: Among all simulated MPDCCH settings for CEModeA, the SNR levels corresponding to 10% MPDCCH BLER with the setting of {AL=16, R=4} are the closest to the SNR levels  for legacy RLM out-of-sync requirements with 10% PDCCH BLER;
Observation 6: For CEModeA, there are about 1.5-2dB differences between the SNR levels corresponding to 10% PDCCH BLER in legacy RLM out-of-sync requirement and to 10% MPDCCH BLER with the setting of {AL=16, R=4}. If this difference is confirmed by the simulation from other companies, and if we want to keep at least the same (or small improvement of) cell coverage in terms of the control channels for RLM out-of-sync requirements, we may need to consider a different MPDCCH setting for eMTC RLM out-of-sync requirement (e.g., using a larger number of repetitions);
Observation 7: For AWGN channel, the SNR levels corresponding to 1% MPDCCH BLER are about -7.5dB with {AL=8, R=4} and {AL=16, R=2}, which is similar to the SNR level of legacy PDCCH RLM in-sync requirement. For ETU30 channel, however, the SNR levels corresponding to 1% MPDCCH BLER are around -3dB with {AL=8, R=4} and {AL=16, R=2}, which is about 2dB higher than the SNR level corresponding to 1% PDCCH BLER of legacy PDCCH RLM in-sync requirement in the referred simulation results.
Based on above discussions, we like to propose that 
Proposal 1: For CEModeA, the MPDCCH setting of {AL=16, R=4 or a higher repetition} may be considered as the RLM out-of-sync performance requirements in order to keep at least the same (or small improvement of) cell coverage as regular UE;
Proposal 2: For CEModeA, the MPDCCH setting of {AL=8, R=4} or {AL=16, R=2} number may be considered as the RLM in-sync performance requirements.
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Figure 1. MPDCCH Performance (AWGN)
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Figure 2. MPDCCH Performance (EPAS)
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