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[bookmark: _Ref298777854]Introduction
In RAN4#74 meeting, link level simulation assumptions were agreed in [1]. In this contribution, we provide our link level simulation results for MTC RLM based on the agreed link level simulation. Based on the link level results, SNR1~SNR5 are proposed. 
Link level simulation results for RLM (FDD)
Simulation assumptions for FDD RLM are shown in Table 1 and Table 2. In Figure 1, link level results for out-of-sync are given. In Figure 2, link level results for in-sync are given. The target SNR@10% BLER for out-of-sync and the target SNR@2% BLER for in-sync are tabulated in Table 3. 
[bookmark: _Ref395016854]Table 1: PDCCH/PCFICH transmission parameters for out-of-sync (LC_MTC)
	Attribute
	Value

	DCI format
	1A

	Number of control OFDM symbols

	2; Bandwidth  10 MHz
3; 3 MHz  Bandwidth  5 MHz
4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4; Bandwidth = 1.4 MHz
8; Bandwidth  3 MHz

	Ratio of PDCCH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
4 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Correlation Matrix and Antenna Configuration
	2x1 Low 

	E-UTRA Channel Bandwidth
	10 MHz

	Channel model
	ETU 70, AWGN

	Note 1:	DCI format 1A is defined in clause 5.3.3.1.3 in TS 36.212 [21].
Note 2:	A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.



[bookmark: _Ref387242535]Table 2: PDCCH/PCFICH transmission parameters for in-sync (LC_MTC)
	Attribute
	Value

	DCI format
	1C

	Number of control OFDM symbols
	2; Bandwidth  10 MHz
3; 3 MHz  Bandwidth  5 MHz
4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4

	Ratio of PDCCH RE energy to average RS RE energy
	1 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
1 dB; when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Antenna configuration
	2x1

	Channel model
	ETU 70, AWGN

	Note 1:	DCI format 1C is defined in clause 5.3.3.1.4 in TS 36.212 [21].
Note 2:	A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.
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[bookmark: _Ref416548568]Figure 1: PDCCH performance based on Out Sync assumption (FDD)
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[bookmark: _Ref416548672]Figure 2: PDCCH performance based on In Sync assumption (FDD)

[bookmark: _Ref416549887]Table 3: Target SNR for RLM (FDD)
	Duplex
	RLM
	Channel
	Target SNR

	FDD
	Out_sync
	AWGN
	-12.2

	
	
	ETU70
	-8.5

	
	In_Sync
	AWGN
	-8.5

	
	
	ETU70
	-4.5



Reusing Rel-8 margin and methodology for SNR1~SNR5, SNR1~SNR5 is given in Table 4. 

[bookmark: _Ref416552550]Table 4: proposed SNR1~SNR4 for FDD RLM 
	
	SNR1
	SNR2
	SNR3
	SNR4
	SNR5

	AWGN
	-6
	-9.2
	-15.2
	-11
	-6

	ETU70
	-2
	-5.5
	-11.5
	-7
	-2



Link level simulation results for RLM (TDD)
Simulation assumptions for FDD RLM are shown in Table 5 and Table 6. In Figure 3, link level results for out-of-sync are given. In Figure 4, link level results for in-sync are given. The target SNR@10% BLER for out-of-sync and the target SNR@2% BLER for in-sync are tabulated in Table 7.

[bookmark: _Ref416550033]Table 5: PDCCH/PCFICH transmission parameters for out-of-sync (LC_MTC)
	Attribute
	Value

	DCI format
	1A

	Number of control OFDM symbols

	2; Bandwidth  10 MHz
3; 3 MHz  Bandwidth  5 MHz
4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4; Bandwidth = 1.4 MHz
8; Bandwidth  3 MHz

	Ratio of PDCCH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
4 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Correlation Matrix and Antenna Configuration
	2x1 Low 

	E-UTRA Channel Bandwidth
	10 MHz

	Channel model
	ETU 70, AWGN

	Special subframe configuration
	6

	Uplink-downlink configuration
	1

	Note 1:	DCI format 1A is defined in clause 5.3.3.1.3 in TS 36.212 [21].
Note 2:	A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.



[bookmark: _Ref416550045]Table 6: PDCCH/PCFICH transmission parameters for in-sync (LC_MTC)
	Attribute
	Value

	DCI format
	1C

	Number of control OFDM symbols
	2; Bandwidth  10 MHz
3; 3 MHz  Bandwidth  5 MHz
4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4

	Ratio of PDCCH RE energy to average RS RE energy
	1 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
1 dB; when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Antenna configuration
	2x1

	Channel model
	ETU 70, AWGN

	Special subframe configuration
	6

	Uplink-downlink configuration
	1

	Note 1:	DCI format 1C is defined in clause 5.3.3.1.4 in TS 36.212 [21].
Note 2:	A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.
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[bookmark: _Ref416550142][bookmark: _Ref416550063]Figure 3: PDCCH performance based on Out Sync assumption (TDD)
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[bookmark: _Ref416550162]Figure 4: PDCCH performance based on In Sync assumption (TDD)

[bookmark: _Ref416550402][bookmark: _Ref416550391]Table 7: Target SNR for RLM (TDD)
	Duplex
	
	Channel
	Target SNR

	TDD
	Out_sync
	AWGN
	-11

	
	
	ETU70
	-6.3

	
	In_Sync
	AWGN
	-7.4

	
	
	ETU70
	-3.1



Reusing Rel-8 margin and methodology for SNR1~SNR5, SNR1~SNR5 are given in Table 8.
[bookmark: _Ref416552800]Table 8: proposed SNR1~SNR4 for TDD RLM 
	
	SNR1
	SNR2
	SNR3
	SNR4
	SNR5

	AWGN
	-4.9
	-8
	-14
	-9.9
	-4.9

	ETU70
	-0.6
	-3.3
	-9.3
	-5.6
	-0.6



Link level simulation results for RLM (HD-FDD)
For HD-FDD, since there is one DL subframe per frame, the performance is expected to be close to TDD. Hence, for HD-FDD, TDD results are reused here, as shown in Table 11. 
Table 9: PDCCH/PCFICH transmission parameters for out-of-sync (LC_MTC)
	Attribute
	Value

	DCI format
	1A

	Number of control OFDM symbols

	2; Bandwidth  10 MHz
3; 3 MHz  Bandwidth  5 MHz
4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4; Bandwidth = 1.4 MHz
8; Bandwidth  3 MHz

	Ratio of PDCCH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
4 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Correlation Matrix and Antenna Configuration
	2x1 Low 

	E-UTRA Channel Bandwidth
	10 MHz

	Channel model
	ETU 70, AWGN

	Downlink subframes
	One DL subframe (any subframe out of #0 to #9) per frame, which is randomly decided by the test system when executing the tests

	Note 1:	DCI format 1A is defined in clause 5.3.3.1.3 in TS 36.212 [21].
Note 2:	A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.



Table 10: PDCCH/PCFICH transmission parameters for in-sync (LC_MTC)
	Attribute
	Value

	DCI format
	1C

	Number of control OFDM symbols
	2; Bandwidth  10 MHz
3; 3 MHz  Bandwidth  5 MHz
4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4

	Ratio of PDCCH RE energy to average RS RE energy
	1 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
1 dB; when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Antenna configuration
	2x1

	Channel model
	ETU 70, AWGN

	Downlink subframes
	One DL subframe (any subframe out of #0 to #9) per frame, which is randomly decided by the test system when executing the tests

	Note 1:	DCI format 1C is defined in clause 5.3.3.1.4 in TS 36.212 [21].
Note 2:	A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.




[bookmark: _Ref416550594]Table 11: Target SNR for RLM (HD-FDD)
	Duplex
	
	Channel
	Target SNR

	HD-FDD
	Out_sync
	AWGN
	-11

	
	
	ETU70
	-6.3

	
	In_Sync
	AWGN
	-7.4

	
	
	ETU70
	-3.1



Reusing Rel-8 margin and methodology for SNR1~SNR5, SNR1~SNR5 are given in Table 12.
[bookmark: _Ref416552839]Table 12: proposed SNR1~SNR4 for HD-FDD RLM 
	
	SNR1
	SNR2
	SNR3
	SNR4
	SNR5

	AWGN
	-4.9
	-8
	-14
	-9.9
	-4.9

	ETU70
	-0.6
	-3.3
	-9.3
	-5.6
	-0.6



Conclusion
In this paper, Link level results for MTC RLM are provided. Based on the link level simulation results and the Rel-8 methodology and margin for SNR1~SNR5, SNR1~SNR5 are proposed. We hope the group can consider the proposal for SNR1~SNR5. 
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