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1
Introduction
At RAN4#78bis meeting RAN4 agreed the simulation assumptions to study RLM performancefor NB-IoT [1]. We show the simulation result of NPDCCH according to the simulation assumption and discuss the NB-IoT RLM requirement. 
2
Discussion
2.1
NPDCCH link simulation parameters
Table 1 shows the parameters used for the NPDCCH link level simulation. The difference from the way forward [1] is the propagation channel model. Because of 200 kHz channel bandwidth, we use TU model instead of ETU which is designed for LTE 20MHz channel bandwidth.  
Table 1
NPDCCH transmission parameters for in-sync/out-of-synch.
	Parameter
	Value for In-sync
	Value for Out-of-sync

	DCI format
	Format N1 (RAR)
	Format N1 (DL scheduling)

	Number of information bits
	22 bits
	22 bits

	System Bandwidth
	200kHz
	200kHz

	Channel model
	TU1
	TU1

	Antenna configuration
	1x1
	1x1

	Antenna correlation
	Low
	Low

	Repetition level
	{1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}
	{1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}

	Aggregation level
	2
	2

	DRX
	OFF
	OFF

	Operation
	In-band, Guard-band, Stand-alone
	In-band, Guard-band, Stand-alone

	Note: For in-band operation, the number of antenna ports for CRS is same as that for NRS. 


2.2
NPDCCH simulation results

Figure 1and Figure 2 show the NPDCCH simulation result for in-band operation and stand-alone/guard-band operation respectively. It is observed that the required SNR values for stand-alone/guard-band operation are smaller than in-band operation in the case of a few numbers of repetitions.
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Figure 1
NPDCCH link simulation result for the in-band operation.
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Figure 2
NPDCCH link simulation result for the stand-alone/guard-band operation.

2.3
RLM requirement

For NB-IoT RLM, both out-of-sync and in-sync cases assumes DCI format N1 and aggregation level 2. The configurable parameter is the maximum repetition level only. If we assume Qout/Qin is derived from the 10%/2% NPDCCH BLER, the difference of SNR values are about 4.0dB if we use the same repetition level from Figure 1and Figure 2. Since RAN4 usually assume 6dB or more to separate Qin and Qout, one possible solution is to set repetition to Rmax/2 for In-sync condition, i.e. the same approach as the eMTC RLM requirements. If we set the repetition to Rmax and Rmax/2 for Out-of-sync and In-sync respectively, the separation is more than 6dB as shown in Table 2 and Table 3. The proposed requirement is therefore as follow: 

Proposal 1: Set Rmax for Out-of-sync and Rmax/2 for In-sync for NB-IoT RLM requirements.  
Table 4 summarizes the RLM requirement proposal.  
Table 2
Difference of SNR values between Qin and Qout (in-band operation).
	Rmax
	SNR for Qin (2% BLER, Rmax/2)
	SNR for Qout (10% BLER, Rmax)
	Diff [dB]

	2
	12.5
	6.1
	6.4

	4
	10.6
	3.8
	6.8

	8
	8.3
	1.9
	6.4

	16
	6.4
	-0.1
	6.5

	32
	4.2
	-2.0
	6.2

	64
	2.1
	-3.9
	6.0

	128
	0.1
	-5.9
	6.0

	256
	-2.4
	
	

	512
	
	
	

	1024
	
	
	

	2048
	
	
	


Table 3
Difference of SNR values between Qin and Qout (stand-alone/guard-band operation).

	Rmax
	SNR for Qin (2% BLER, Rmax/2)
	SNR for Qout (10% BLER, Rmax)
	Diff [dB]

	2
	11.7
	5.6
	6.1

	4
	10.3
	4.2
	6.1

	8
	8.8
	2.1
	6.7

	16
	6.6
	0.0
	6.6

	32
	4.7
	-1.9
	6.6

	64
	2.5
	-3.8
	6.3

	128
	0.7
	-5.8
	6.5

	256
	-1.7
	
	

	512
	
	
	

	1024
	
	
	

	2048
	
	
	


Table 4
Proposal for RLM requirement for NB-IoT
	Attribute
	Out-of-sync
	In-sync

	DCI format
	N1
	N1

	Starting ODFM symbol
	0; stand-alone/guard-band operation
2; in-band operation. LTE bandwidth >= 10MHz

3; in-band operation. 3MHz <= LTE bandwidth < 10MHz

4; in-band operation. LTE bandwidth >= 1.4MHz
	0; stand-alone/guard-band operation

2; in-band operation. LTE bandwidth >= 10MHz

3; in-band operation. 3MHz <= LTE bandwidth < 10MHz

4; in-band operation. LTE bandwidth >= 1.4MHz

	Maximum NPDCCH repetition level
	Rmax (Note 1)
	Rmax/2 (Note 1)

	Aggregation level (NCCE)
	2
	2

	Note 1: Rmax is determined by the configurable parameter defined in TS36.331 and Rmax>1.


3
Conclusion
Proposal 1: Set Rmax for Out-of-sync and Rmax/2 for In-sync for NB-IoT RLM requirements.  
	Attribute
	Out-of-sync
	In-sync

	DCI format
	N1
	N1

	Starting ODFM symbol
	0; stand-alone/guard-band operation

2; in-band operation. LTE bandwidth >= 10MHz

3; in-band operation. 3MHz <= LTE bandwidth < 10MHz

4; in-band operation. LTE bandwidth >= 1.4MHz
	0; stand-alone/guard-band operation

2; in-band operation. LTE bandwidth >= 10MHz

3; in-band operation. 3MHz <= LTE bandwidth < 10MHz

4; in-band operation. LTE bandwidth >= 1.4MHz

	Maximum NPDCCH repetition level
	Rmax (Note 1)
	Rmax/2 (Note 1)

	Aggregation level (NCCE)
	2
	2

	Note 1: Rmax is determined by the configurable parameter defined in TS36.331 and Rmax>1.
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Appendix

Table 5
Contents of DCI format N1
	Information field
	Number of bits

	Flag for format N0/format N1 differentiation 
	1

	Scheduling delay 
	3

	Resource assignment 
	3

	Modulation and coding scheme
	4

	Repetition number
	4

	New data indicator 
	1

	HARQ-ACK resource
	4

	DCI subframe repetition number
	2

	Total number of information bits
	22
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