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1	Introduction 
For NPDCCH, RAN4 agreed with the following simulation assumption, and related main configurations listed in Table 1. Table 2 lists the corresponding RMCs. This paper provides the simulation results with the proposed number of repetitions to satisfy 1% Pm-dsg around the target SNR.  
Table 1: Minimum performance for NPDCCH
	Simulation number
	BW 
	Deployment Mode
	Reference Channel
	Repetition number
	Propagation Condition
	
Number of NRS ports
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
(Note 1)
	Target SNR (dB

	1
	180KHz
	In-band
	R.NB1.4
	Note 1
	[EPA5]
	2
	1
	[-6]

	2
	180KHz
	In-band
	R.NB1.4
	
Note 1
	[ETU1]
	2
	1
	[-12]

	3
	180KHz
	Standalone/Guard-band
	R.NB1.3
	
Note 1
	[EPA5]
	1
	1
	[-6]

	4
	180KHz
	Standalone/Guard-band
	R.NB1.3
	 Note 1
	[ETU1]
	1
	1
	[-12]

	Note 1: Choose one repetition level from {16,32,64,128,256,512} to satisfy 1% BLER at target SNR=-6dB for tests 1 and 3, and SNR=-12dB for tests 2 and 4. 
Note 2: Assumption of In-band configuration: CFI=3 and the number of LTE CRS ports is 4. Demodulation is assumed to be based only NRS.




Table 2: RMC for NPDCCH
	Parameter
	Unit
	Value
	Value

	Reference channel
	
	R.NB1.3
	R.NB1.4

	Number of transmitter antennas
	
	1
	2

	Channel bandwidth
	kHz
	180
	180

	Aggregation level
	NCCE
	2
	2

	DCI Format
	
	N1
	N1

	Cell ID
	
	0
	0

	Payload (without CRC)
	Bits
	23
	23



The simulation assumes that NRS is available in every subframe in the frame except subframe 5 which contains NPSS and subframe 9 in every other frame which contains NSSS. In RAN4#80, results were presented with filtering of NRS over multiple subframes. Here simulation results are presented with channel estimation performed over 1ms duration with time domain filtering over destaggered NRS tones across 2 slots.
2	Simulation Results
The following plot shows the NPDCCH BLER performance with respect to SNR(dB) for simulation number 1 in Table 1. 
	Simulation number
	BW 
	Deployment Mode
	Reference Channel
	Repetition number
	Propagation Condition
	
Number of NRS ports
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
(Note 1)
	Target SNR (dB

	1
	180KHz
	In-band
	R.NB1.4
	Note 1
	[EPA5]
	2
	1
	[-6]

	Note 1: Choose one repetition level from {16,32,64,128,256,512} to satisfy 1% BLER at target SNR=-6dB for tests 1 and 3, and SNR=-12dB for tests 2 and 4. 
Note 2: Assumption of In-band configuration: CFI=3 and the number of LTE CRS ports is 4. Demodulation is assumed to be based only NRS.





Observation 1a: For simulation number 1, 1% Pm-dsg is achieved at -3.7dB target SNR using 32 repetitions.
Observation 1b: For simulation number 1, 1% Pm-dsg is achieved at -0.8dB target SNR using 16 repetitions.

The following plot shows the NPDCCH BLER performance with respect to SNR(dB) for simulation number 2 in Table 1. 
	Simulation number
	BW 
	Deployment Mode
	Reference Channel
	Repetition number
	Propagation Condition
	
Number of NRS ports
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
(Note 1)
	Target SNR (dB

	2
	180KHz
	In-band
	R.NB1.4
	
Note 1
	[ETU1]
	2
	1
	[-12]

	Note 1: Choose one repetition level from {16,32,64,128,256,512} to satisfy 1% BLER at target SNR=-6dB for tests 1 and 3, and SNR=-12dB for tests 2 and 4. 
Note 2: Assumption of In-band configuration: CFI=3 and the number of LTE CRS ports is 4. Demodulation is assumed to be based only NRS.





Observation 2a: For simulation number 2, 1% Pm-dsg is achieved at -13dB target SNR using 512 repetitions.
Observation 2b: For simulation number 2, 1% Pm-dsg is achieved at -8.8dB target SNR using 256 repetitions.

The following plot shows the NPDCCH BLER performance with respect to SNR(dB) for simulation number 3 in Table 1. 
	Simulation number
	BW 
	Deployment Mode
	Reference Channel
	Repetition number
	Propagation Condition
	
Number of NRS ports
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
(Note 1)
	Target SNR (dB

	3
	180KHz
	Standalone/Guard-band
	R.NB1.3
	
Note 1
	[EPA5]
	1
	1
	[-6]

	Note 1: Choose one repetition level from {16,32,64,128,256,512} to satisfy 1% BLER at target SNR=-6dB for tests 1 and 3, and SNR=-12dB for tests 2 and 4. 
Note 2: Assumption of In-band configuration: CFI=3 and the number of LTE CRS ports is 4. Demodulation is assumed to be based only NRS.






Observation 3a: For simulation number 3, 1% Pm-dsg is achieved at -8.1dB target SNR using 128 repetitions.
Observation 3b: For simulation number 3, 1% Pm-dsg is achieved at -3.1dB target SNR using 64 repetitions.

The following plot shows the NPDCCH BLER performance with respect to SNR(dB) for simulation number 4 in Table 1. 
	Simulation number
	BW 
	Deployment Mode
	Reference Channel
	Repetition number
	Propagation Condition
	
Number of NRS ports
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
(Note 1)
	Target SNR (dB

	4
	180KHz
	Standalone/Guard-band
	R.NB1.3
	 Note 1
	[ETU1]
	1
	1
	[-12]

	Note 1: Choose one repetition level from {16,32,64,128,256,512} to satisfy 1% BLER at target SNR=-6dB for tests 1 and 3, and SNR=-12dB for tests 2 and 4. 
Note 2: Assumption of In-band configuration: CFI=3 and the number of LTE CRS ports is 4. Demodulation is assumed to be based only NRS.





Observation 4a: For simulation number 4, 1% Pm-dsg is achieved at -10.5dB target SNR using 512 repetitions.
Observation 4b: For simulation number 4, 1% Pm-dsg is achieved at -5.9dB target SNR using 256 repetitions.

3	Conclusions 
This paper contains NPDCCH simulation results with 1ms channel estimation length for alignment and made the following observations:
Observation 1a: For simulation number 1, 1% Pm-dsg is achieved at -3.7dB target SNR using 32 repetitions.
Observation 1b: For simulation number 1, 1% Pm-dsg is achieved at -0.8dB target SNR using 16 repetitions.
Observation 2a: For simulation number 2, 1% Pm-dsg is achieved at -13dB target SNR using 512 repetitions.
Observation 2b: For simulation number 2, 1% Pm-dsg is achieved at -8.8dB target SNR using 256 repetitions.
Observation 3a: For simulation number 3, 1% Pm-dsg is achieved at -8.1dB target SNR using 128 repetitions.
Observation 3b: For simulation number 3, 1% Pm-dsg is achieved at -3.1dB target SNR using 64 repetitions.
Observation 4a: For simulation number 4, 1% Pm-dsg is achieved at -10.5dB target SNR using 512 repetitions.
Observation 4b: For simulation number 4, 1% Pm-dsg is achieved at -5.9dB target SNR using 256 repetitions.
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