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1. Introduction
The core RRM requirements for eMTC are under discussion in RAN4. Part of the core requirements are the RLM core requirements. RAN4 will have to define new requirements, most likely based on the newly introduced MPDDCH. In this paper we present a brief analysis of how the requirements could be defined.

2. Simulation results
The RLM core requirements are defined based on a hypothetical BLER of the control channel. A new control channel (M-PDCCH) was introduced for the eMTC devices. As such, the RLM requirements will have to be updated. In this paper we do a brief analysis of how the requirements can be defined. 
Currently, the RLM core requirements are based on 10% BLER for out of sync and 2% BLER for in-sync(with different aggregation level). As a baseline, the same target level BLERs could be considered for eMTC while noting that a difference of 4~5dB is needed between OoS and IS levels. It should be further discussed if a lower target BLER should be considered for the cases with large bundling sizes since the PDCCH errors might have a large impact on the system capacity(retransmissions with bundling sizes of 128 or 256 will consume a lot of resources). 
The performance of M-PDCCH was investigated through simulations. The simulation assumptions are summarized in Table. 1. 
Table 1 Simulation assumptions for M-PDCCH evaluation
	Parameter
	Value for CE Mode A
	Value for CE Mode B

	DCI format
	DCI format  6-1A


	DCI format  6-1B

.

	DCI size
	28
	18

	Channel model
	ETU30

EPA5
	ETU1

EPA1

	Antenna configuration: 2 cases
	1x1 and 2x1
	1x1 and 2x1

	Repetition level
	{2, 4}
	{64, 128, 256}



	Aggregation level (ECCE)
	{4 , 8, 16}
	{8, 16, 24}

	Starting OFDM symbols
	2 
	2 

	DRX
	OFF
	OFF

	Frequency hopping
	OFF
	OFF

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

4 for Aggregation level ={4,8,16}
	4 for Aggregation level ={8,16} 

 6 for Aggregation level =24 

	Transmission type configured to UE for M-PDCCH
	Distributed
	Distributed

	UE frequency error
	[50] Hz
	[100] Hz


The M-PDCCH BLER simulation results are shown in the Annex. In Figure 1 and 2, we depict the results for Distributed mode, and with different number of Aggregation levels and number of RBs, and for different channel models. These are the results corresponding to mode A in Table 1 for the case that eNB has to 1 Tx antenna (1x1 case) or 2 Tx antennas (2x1 case). As the figure shows, increasing the bundle size from 2 to 4 subframes, would result in general almost 2dB gain in any target BLER. The gain is slightly higher for ETU30 channel because of more diversity in both time and frequency. The figure also shows that having 2 Tx antenna results an increasing gain as the target BLER decreases. Note that these curves show the performance in the pessimistic case of not having channel estimation bundling in the time domain and/or frequency hopping. These simulations would apply to cases where frequency error is large, so averaging across subframes is not possible, or where TDD is used, so no averaging is possible after switching Tx/Rx because of phase discontinuity. 
The tables below summarize the results for Mode A for the BLER levels of 10% and 2%. These levels are used in the legacy requirements for the out of sync (OoS) and in-sync (IS) levels.

	
	4RB AGG4
	4RB AGG8
	4RB AGG16

	SNR 10% BLER [dB]
	-2
	-4
	-6

	SNR 2% BLER [dB]
	2
	0
	-2


Table 2. SNR values for EPA 5x, 2x1 antenna configuration, Bundle 4

	
	4RB AGG4
	4RB AGG8
	4RB AGG16

	SNR 10% BLER [dB]
	-3
	-5
	-7

	SNR 2% BLER [dB]
	-0.5
	-2.5
	-4.5


Table 3. SNR values for ETU 30Hz, 2x1 antenna configuration, Bundle 4
Based on the values in the tables, bundle 4 with aggregation level 16 would be a very good candidate for the in-sync threshold. There are no simulation results for Bundle 8 with aggregation level 16, however, extrapolating from the other results, the SNR level for 10% BLER would most likely be around -9dB. These levels are quite well aligned with the legacy OoS and IS thresholds.
Figures 3 and 4 show the results for extended coverage where the bundle size is 64, 128, or 256, as discussed in Table 1 mode B. In Figure 3, we depict the results for 1x1 case and 2x1 scenarios, when the channel profile is EPA 1Hz. As these figures show, bundling enables 1% BLER for very low SINR. The achievability depends on the bundle size and the aggregation level, as shown in the figures. Finally, Figure 4 shows the BLER performance results for 1x1 and 2x1 cases in Table 1 modeB, when the channel profile is ETU 1Hz. The approximate values for the 10% and 2% BLER points are shown in Table 4, Table 5 and Table 6.  
	
	4RB AGG8
	4RB AGG16 
	6RB AGG24

	SNR 10% BLER [dB]
	-11.5
	-13
	-14

	SNR 2% BLER [dB]
	-8
	-10
	-10.5


Table 4. SNR values for EPA 1Hz, 2x1 antenna configuration, Bundle 64
	
	4RB AGG8
	4RB AGG16
	6RB AGG24

	SNR 10% BLER [dB]
	-13
	-15
	-16

	SNR 2% BLER [dB]
	-10
	-12
	-13


Table 5. SNR values for EPA 1Hz, 2x1 antenna configuration, Bundle 128

	
	4RB AGG8
	4RB AGG16
	6RB AGG24

	SNR 10% BLER [dB]
	-15.5
	-17.5
	-18

	SNR 2% BLER [dB]
	-13
	-14.5
	-15.5


Table 6. SNR values for EPA 1Hz, 2x1 antenna configuration, Bundle 256

Different bundling sizes correspond to different coverage extension levels. The bundling sizes for each UE is configured through RRC and different cells could support different coverage extension levels. As such, different RLM thresholds should be defined for each bundling size. The requirements can be simplified if they are defined in a generic way in which the bundling size is a variable.
Based on the tables above, it seems feasible to define the IS threshold based on aggregation level 8(or even 16) and OoS based on aggregation level 24. The difference between these levels is 4-5dB.
The actual RLM in the UE is based on the DL SNR estimation and not the actual control channel BLER. For such low SNRs (down to -18dB), it should be further investigated how reliable the SNR estimation(including frequency/time tracking loops) is and whether 4-5dB difference between Qin and Qout would ensure enough implementation margin. It should also be considered that eMTC devices should be very low cost, hence, rather simple algorithms should be used. 
3. Conclusion

In this paper we presented some preliminary analysis on RLM for eMTC devices. The core requirements will have to be updated based on the newly introduced M-PDCCH. For the normal coverage case, the requirements should be defined in such a way that OoS and IS levels are similar to the ones for Rel.12 Cat.0 devices. 

If the cells will support different maximum bundling sizes, different thresholds will have to be defined for each bundling size. The requirements can be defined in a generic way by using the bundling size as a variable. For mode B it seems feasible to define the IS and OoS thresholds based on aggregation levels of 8(or 16) and 24.
The actual RLM in the UE is based on the DL SNR estimation and not the actual control channel BLER. For such low SNRs (down to -18dB), it should be further investigated how reliable the SNR estimation(including frequency/time tracking loops) is and whether 4-5dB difference between Qin and Qout would ensure enough implementation margin. It should also be considered that eMTC devices should be very low cost, hence, rather simple algorithms should be used.
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Appendix – Simulation results
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Figure 1. Mode A results for different number of Tx antennas, RBs, Aggregation levels, and bundle sizes with EPA 5Hz channel.
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Figure 2. Mode A results for different number of Tx antennas, RBs, Aggregation levels, and bundle sizes with ETU 30Hz channel.
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Figure 3. Mode B results for different number of Tx antennas, RBs, Aggregation levels, and bundle sizes with EPA 1Hz channel.
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Figure 4. Mode B results for different number of Tx antennas, RBs, Aggregation levels, and bundle sizes with ETU 1Hz channel.
8
7

