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1
Introduction
RAN4#78bis agreed with the simulation assumptions to study the RLM performance for NB-IoT [1], and RAN4#78AH endorsed the CR on RLM for NB-IoT [2]. In RAN4#78AH, we presented the initial simulation results [3]. This contribution shows the update of our NPDCCH simulation result, and discusses the RLM requirement for NB-IoT UE. 
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 have used TU/PA propagation channel models instead of ETU/EPA, because ETU/EPA is designed for LTE 20MHz channel bandwidth based on TU/PA propagation channel models. 
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
	Format N1

	Number of information bits
	[22] bits
	[22] bits

	System Bandwidth
	200kHz
	200kHz

	Channel model
	TU1, PA1
	TU1, PA1

	Antenna configuration
	1x1 and 2x1
	1x1 and 2x1

	Antenna correlation
	Low
	Low

	Repetition level (Rmax)
	{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

	Deployment scenario
	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

2.2.1
TU1

Figure 1and Figure 2 show the NPDCCH simulation result for in-band operation and stand-alone/guard-band operation, respectively. Table 2 summarizes the required SNR level [dB] to achieve 2%/10% NPDCCH BLER. It is observed that the required SNR values for stand-alone/guard-band operation are around 1dB smaller than in-band operation because of the lower coding rate.
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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.

Table 2
Required SNR [dB] to achieve 2%/10% NPDCCH BLER for each deployment and Tx antenna configuration.
	
	In-band
	Stand-alone/Guard-band

	
	1Tx
	2Tx
	1Tx
	2Tx

	Rmax
	SNR for Qout
	SNR for Qin
	SNR for Qout
	SNR for Qin
	SNR for Qout
	SNR for Qin
	SNR for Qout
	SNR for Qin

	1
	6.9
	11.4
	4.2
	8.0
	4.9
	9.6
	2.8
	6.6

	2
	5.3
	9.9
	2.0
	5.5
	3.6
	8.0
	0.8
	4.4

	4
	3.1
	7.7
	-0.2
	3.4
	1.5
	6.0
	-1.4
	2.2

	8
	0.9
	5.4
	-2.4
	1.2
	-0.4
	4.2
	-3.5
	-0.1

	16
	-1.1
	3.3
	-4.3
	-0.9
	-2.3
	2.2
	-5.5
	-2.2

	32
	-3.0
	1.3
	-6.2
	-2.8
	-4.1
	0.4
	-7.3
	-4.0

	64
	-5.1
	-1.0
	-8.1
	-5.0
	-6.0
	-1.9
	-9.1
	-5.9

	128
	-7.4
	-3.8
	-10.0
	-7.3
	-8.4
	-4.7
	-11.0
	-8.3

	256
	-10.1
	-7.0
	-12.5
	-10.3
	-11.0
	-7.7
	-13.4
	-11.0

	512
	-12.7
	-10.0
	-14.9
	-12.8
	-13.6
	-11.0
	-15.7
	-13.7

	1024
	-15.1
	-13.0
	-16.9
	-15.4
	-16.0
	-13.9
	-17.8
	-16.1

	2048
	-17.4
	-15.7
	-19.1
	-17.7
	-18.3
	-16.4
	-19.9
	-18.6


2.2.2
PA1

Figure 3 and Figure 4 show the NPDCCH simulation result for in-band operation and stand-alone/guard-band operation, respectively. It is similar observation with TU1, but the performance gain due to transmit diversity is higher compared with TU1 propagation model. Table 3 summarizes the required SNR level to achieve 2%/10% NPDCCH BLER.
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Figure 3
NPDCCH link simulation result for the in-band operation.
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Figure 4
NPDCCH link simulation result for the stand-alone/guard-band operation.
Table 3
Required SNR [dB] to achieve 2%/10% NPDCCH BLER for each deployment and Tx antenna configuration.

	
	In-band
	Stand-alone/Guard-band

	
	1Tx
	2Tx
	1Tx
	2Tx

	Rmax
	SNR for Qout
	SNR for Qin
	SNR for Qout
	SNR for Qin
	SNR for Qout
	SNR for Qin
	SNR for Qout
	SNR for Qin

	1
	8.5
	16.0
	4.2
	8.3
	6.7
	13.9
	2.9
	7.2

	2
	7.0
	14.1
	2.1
	6.2
	5.2
	12.3
	0.9
	5.2

	4
	4.8
	11.7
	0.0
	3.9
	3.0
	10.5
	-1.1
	2.9

	8
	2.5
	9.6
	-2.1
	1.8
	1.3
	8.3
	-3.1
	0.8

	16
	0.4
	7.4
	-4.1
	0.0
	-0.7
	6.3
	-5.0
	-1.1

	32
	-1.6
	5.0
	-5.9
	-1.9
	-2.5
	4.2
	-6.8
	-2.8

	64
	-3.7
	2.1
	-7.7
	-4.1
	-4.5
	1.3
	-8.6
	-4.8

	128
	-6.2
	-1.8
	-9.7
	-6.5
	-7.1
	-2.4
	-10.6
	-7.2

	256
	-9.4
	-5.4
	-12.2
	-9.5
	-10.2
	-6.1
	-13.1
	-10.4

	512
	-12.3
	-8.9
	-14.6
	-12.4
	-13.1
	-9.7
	-15.5
	-13.2

	1024
	-14.8
	-12.1
	-16.8
	-15.0
	-15.5
	-12.8
	-17.6
	-15.7

	2048
	-17.1
	-15.1
	-19.0
	-17.5
	-18.0
	-15.8
	-19.7
	-18.1


Observation: Required SNR values for stand-alone/guard-band operation are about 1dB smaller than in-band operation because the coding rate in the stand-alone/guard-band operation is smaller than that in the in-band operation.
2.3
RLM requirement for NB-IoT UE
For NB-IoT RLM, the configurable parameter is the maximum repetition level only because both the out-of-sync and in-sync cases assume DCI format N1 and aggregation level is 2. Therefore RAN4 agreed to set the different maximum NPDCCH repetition level for out-of-synch and in-synch criteria, but it is still open how much lower repetition level (Rmax/k) is used for the in-synch condition compared with out-of-sync repetition level (Rmax).

Table 4 shows the SNR difference assuming Qin is derived from Rmax/2 and Table 5 shows the SNR difference assuming Qin is derived from Rmax/4. RAN4 usually assume about 6dB difference to separate SNR levels corresponding to Qin and Qout. In this sense, if Qin is derived from Rmax/2, the SNR difference values are around 6dB. It is observed that the SNR difference becomes smaller in higher repetition level such as 1024 or 2048. But the operation points corresponding to Rmax=1024/2048 are less than -12dB. We think the SNR level for NB-IoT RLM test case is more than -12dB and therefore it is sufficient to set k=2 derive Qin/Oout.  
Proposal: Set k=2 for NB-IoT RLM requirements.  
Table 4
Difference of SNR values between Qin (Rmax/2) and Qout (Rmax).
	
	SNR diff between Qin and Qout

	
	TU1
	PA1

	
	In-band
	Stand-alone/Guard-band
	In-band
	Stand-alone/Guard-band

	Rmax
	1Tx
	2Tx
	1Tx
	2Tx
	1Tx
	2Tx
	1Tx
	2Tx

	2
	6.1
	6.1
	6
	5.8
	9
	6.2
	8.7
	6.3

	4
	6.8
	6.8
	6.5
	5.8
	9.3
	6.2
	9.3
	6.3

	8
	6.8
	6.8
	6.4
	5.7
	9.2
	6
	9.2
	6

	16
	6.5
	6.5
	6.5
	5.4
	9.2
	5.9
	9
	5.8

	32
	6.3
	6.3
	6.3
	5.1
	9
	5.9
	8.8
	5.7

	64
	6.4
	6.4
	6.4
	5.1
	8.7
	5.8
	8.7
	5.8

	128
	6.4
	6.4
	6.5
	5.1
	8.3
	5.6
	8.4
	5.8

	256
	6.3
	6.3
	6.3
	5.1
	7.6
	5.7
	7.8
	5.9

	512
	5.7
	5.7
	5.9
	4.7
	6.9
	5.1
	7
	5.1

	1024
	5.1
	5.1
	5
	4.1
	5.9
	4.4
	5.8
	4.4

	2048
	4.4
	4.4
	4.4
	3.8
	5
	4
	5.2
	4


Table 5
Difference of SNR values between Qin (Rmax/4) and Qout (Rmax).

	
	SNR diff between Qin and Qout

	
	TU1
	PA1

	
	In-band
	Stand-alone/Guard-band
	In-band
	Stand-alone/Guard-band

	Rmax
	1Tx
	2Tx
	1Tx
	2Tx
	1Tx
	2Tx
	1Tx
	2Tx

	4
	8.3
	8.2
	8.1
	8
	11.2
	8.3
	10.9
	8.3

	8
	9
	7.9
	8.4
	7.9
	11.6
	8.3
	11
	8.3

	16
	8.8
	7.7
	8.3
	7.7
	11.3
	8
	11.2
	7.9

	32
	8.4
	7.4
	8.3
	7.2
	11.2
	7.7
	10.8
	7.6

	64
	8.4
	7.2
	8.2
	6.9
	11.1
	7.7
	10.8
	7.5

	128
	8.7
	7.2
	8.8
	7
	11.2
	7.8
	11.3
	7.8

	256
	9.1
	7.5
	9.1
	7.5
	11.5
	8.1
	11.5
	8.3

	512
	8.9
	7.6
	8.9
	7.4
	10.5
	8.1
	10.7
	8.3

	1024
	8.1
	6.6
	8.3
	6.8
	9.4
	7.3
	9.4
	7.2

	2048
	7.4
	6.3
	7.3
	6.2
	8.2
	6.6
	8.3
	6.5


3
Conclusion
Observation: Required SNR values for stand-alone/guard-band operation are about 1dB smaller than in-band operation because the coding rate in the stand-alone/guard-band operation is smaller than that in the in-band operation.
Proposal: Set k=2 for NB-IoT RLM requirements.  
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Appendix

Table 7
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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