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1
Introduction
RAN4#77 agreed with the RLM simulation assumptions for eMTC (Category M1 UE) CE mode A and CE mode B [1]. After the meeting, there was an e-mail discussion to update the simulation assumptions according to the latest RAN1 agreements [2]. The updated table with simulation assumption is shown in the appendix. 
In this contribution, we show the M-PDCCH simulation results according to the simulation parameters.
2
Simulation results
2.1
CE Mode A

2.1.1
1Tx simulation result
Figure 1 through Figure 3 show the simulation results of M-PDCCH BLER of 1x1 antenna configuration with various aggregation levels, repetitions, and PRB sets and propagation channels. The simulation result also compares the performance difference between no UE frequency error and 50Hz frequency error. 
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Figure 1
Cat-M1 CE Mode A UE M-PDCCH BLER results with FDD, antenna configuration 1x1, AWGN, distributed transmission; no UE frequency error (left) and 50Hz frequency error (right).
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Figure 2
Cat-M1 CE Mode A UE M-PDCCH BLER results with FDD, antenna configuration 1x1, ETU30, distributed transmission; no UE frequency error (left) and 50Hz frequency error (right).
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Figure 3
Cat-M1 CE Mode A UE M-PDCCH BLER results with FDD, antenna configuration 1x1, EPA5, distributed transmission; no UE frequency error (left) and 50Hz frequency error (right).

2.1.2
2Tx simulation result
Figure 4 through Figure 6 show the simulation results of M-PDCCH BLER of 2x1 antenna configuration with various aggregation levels, repetitions, and PRB sets and propagation channels. The simulation result also compares the performance difference between no UE frequency error and 50Hz frequency error.
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Figure 4

Cat-M1 CE Mode A UE M-PDCCH BLER results with FDD, antenna configuration 2x1, AWGN, distributed transmission; no UE frequency error (left) and 50Hz frequency error (right).
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Figure 5

Cat-M1 CE Mode A UE M-PDCCH BLER results with FDD, antenna configuration 2x1, ETU30, distributed transmission; no UE frequency error (left) and 50Hz frequency error (right).
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Figure 6

Cat-M1 CE Mode A UE M-PDCCH BLER results with FDD, antenna configuration 2x1, EPA5, distributed transmission; no frequency error (left) and 50Hz frequency error (right).
2.1.3
Summary

We summarize the required SNR values to achieve M-PDCCH BLER=2% and M-PDCCH BLER=10% for the combination of aggregation level 16 and repetition 4 in Table 1 for CE mode A because in our view this may correspond to the worst case scenario we specify the minimum requirement for RLM. 
Table 1
Required SNR [dB] to achieve Cat-M1 Mode A UE M-PDCCH BLER=2% and BLER=10% with aggregation level 16 and repetition 4.
	
	AWGN
	ETU30
	EPA5

	UE Frequency error
	0Hz
	50Hz
	0Hz
	50Hz
	0Hz
	50Hz

	1Tx
	SNR [dB] for BLER=2%
	-8.9
	-7.2
	0.7
	1.8
	4.7
	5.9

	
	SNR [dB] for BLER=10%
	-10.3
	-8.8
	-3.8
	-2.9
	-2.8
	-1.3

	2Tx
	SNR [dB] for BLER=2%
	-8.7
	-7.0
	-2.8
	-1.8
	-2.5
	-0.9

	
	SNR [dB] for BLER=10%
	-10.0
	-8.6
	-5.9
	-4.9
	-6.7
	-5.1


2.2
CE Mode B
2.2.1
1Tx simulation result
Figure 7 through Figure 9 show the simulation results of M-PDCCH BLER of 1x1 antenna configuration with various aggregation levels, repetitions, and PRB sets and propagation channels. The simulation result also compares the performance difference between no UE frequency error and 100Hz frequency error.
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Figure 7
Cat-M1 CE Mode B UE M-PDCCH BLER results with FDD, antenna configuration 1x1, AWGN, distributed transmission; no UE frequency error (left) and 100Hz frequency error (right).
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Figure 8
Cat-M1 CE Mode B UE M-PDCCH BLER results with FDD, antenna configuration 1x1, ETU1, distributed transmission; no UE frequency error (left) and 100Hz frequency error (right).
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Figure 9
Cat-M1 CE Mode B UE M-PDCCH BLER results with FDD, antenna configuration 1x1, EPA1, distributed transmission; no UE frequency error (left) and 100Hz frequency error (right).

2.2.2
2Tx simulation result
Figure 10 through Figure 12 show the simulation results of M-PDCCH BLER of 2x1 antenna configuration with various aggregation levels, repetitions, and PRB sets and propagation channels. The simulation result also compares the performance difference between no UE frequency error and 100Hz frequency error.
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Figure 10
Cat-M1 CE Mode B UE M-PDCCH BLER results with FDD, antenna configuration 2x1, AWGN, distributed transmission; no UE frequency error (left) and 100Hz frequency error (right).
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Figure 11
Cat-M1 CE Mode B UE M-PDCCH BLER results with FDD, antenna configuration 2x1, ETU1, distributed transmission; no UE frequency error (left) and 100Hz frequency error (right).
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Figure 12
Cat-M1 CE Mode B UE M-PDCCH BLER results with FDD, antenna configuration 2x1, EPA1, distributed transmission; no UE frequency error (left) and 100Hz frequency error (right).

2.2.3
Summary

We summarize the required SNR values to achieve BLER=2% and BLER=10% for the combination of aggregation level 24 and repetition 256 in Table 2 for CE mode B because this correspond to the worst case scenario we specify the minimum requirement for RLM. 
Table 2
Required SNR [dB] to achieve Cat-M1 Mode B UE M-PDCCH BLER=2% and BLER=10% with aggregation level 24 and repetition 256. 

	
	AWGN
	ETU1
	EPA1

	UE Frequency error
	0Hz
	100Hz
	0Hz
	100Hz
	0Hz
	100Hz

	1Tx
	SNR [dB] for BLER=2%
	-20.0
	-16.8
	-10.5
	-8.1
	-11.9
	-8.7

	
	SNR [dB] for BLER=10%
	-25.0
	-21.5
	-16.7
	-13.2
	-19.2
	-15.8

	2Tx
	SNR [dB] for BLER=2%
	-19.8
	-16.8
	-14.7
	-11.6
	-16.5
	-13.3

	
	SNR [dB] for BLER=10%
	-24.8
	-21.4
	-19.5
	-16.2
	-22.0
	-18.3


3
Conclusion
This contribution shows our simulation results for M-PDCCH BLER according to the simulation assumption. We propose to use these results to discuss the Cat-M1 UE RLM requirements specification.
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Appendix
Table 3
Simulation assumption for M-PDCCH for CE mode A and mode B.
	Parameter
	Value for CE Mode A
	Value for CE Mode B

	DCI format
	DCI format 6-1A
	DCI format 6-1B

	System Bandwidth
	10 MHz
	10 MHz

	Channel model
	AWGN

ETU30

EPA5
	AWGN

ETU1

EPA1

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

	Number of information bits 
	FDD: 28 

TDD: 31
	FDD: 18 

TDD: 18

	Antenna correlation
	Low
	Low

	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}

(see Table 9.1.5-1a in TS 36.213)


	4 for Aggregation level ={8,16} 

 2+4 for Aggregation level =24 

(see Table 9.1.5-2a and

Table 9.1.5-2b in TS 36.213)

	Transmission type configured to UE for M-PDCCH
	Distributed
	Distributed

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

	UE timing error
	[FFS] us
	[FFS] us

	UE frequency error
	[50] Hz
	[100] Hz
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