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1 Introduction

RAN4#79 agreed with the simulation assumption for NPUSCH demodulation requirements [1]. In this contribution we propose the FRC (ITBS and number of NSF) and show our ideal simulation results for NPUSCH format 1. 

2 Simulation parameters

Table 1 is the simulation parameter we used for NPUSCH format 1 simulation. For MCS, we selected the values so that the target coding rate becomes 1/3. For the multi-tone case, we set the same setting as specified in TS36.104 A3-1. For the single-tone cases, ITBS=0 and ITBS=3 correspond to 1/3 coding rate for P/2-PBSK and Pi/4-QPSK, respectively. We choose NSF=5 and NSF=10 for each case for test coverage purpose. 

In the table we set the number of repetitions for single tone with 15 kHz to the multiples of 4, i.e., 4, 16 and 64. This is because we would like to set 1/4 of the number of repetitions for 3.75 kHz in order that the required SNR levels are similar for both single-tone 3.75 kHz and 15 kHz cases.  
Table 1
Simulation parameters for NPUSCH format 1.
	Simulation number
	Single-/Multi-tone
	Sub-carrier spacing
	Number of repetitions (Note)
	Number of carriers
	Modulation and target coding rate
	TBS
[bits]
	ITBS
	NSF
	Propagation channel
	Antenna configuration

	1
	Single-tone
	15kHz
	4,16,64
	1
	1/3 BPSK
	32
	0
	0
	ETU1
	1x2

	2
	Single-tone
	15kHz
	4,16,64
	1
	2/3 QPSK
	104
	7
	7
	ETU1
	1x2

	3
	Multi-tone
	15kHz
	2,16,64
	12
	2/3 QPSK
	136
	9
	9
	ETU1
	1x2

	Note 1: The number of repetitions for the single-tone with 3.75kHz is 1/4 of the number of repetitions for the multi-tone with 15kHz.

Note 2: Channel estimation length: 4ms for 15kHz, 16ms for 3.75kHz 

Note 3: Frequency offset: 0Hz


3 Simulation results

Note: that following simulations have been done without HARQ.
3.1 Case 1 – single tone 15 kHz

Following figures show SNR values vs % max normalized throughout for a single tone NB-IoT using 15 kHz subcarrier spacing according to simulation 1 parameters in Table 1.

3.1.1 #Repetitions = 4
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3.1.2 #Repetitions = 16
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3.1.3 #Repetitions = 64
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3.2 Case 2 – single tone 15 kHz

Following figures show SNR values vs % max normalized throughout for a single tone NB-IoT using 15 kHz subcarrier spacing according to simulation 2 parameters in Table 1.

3.2.1 #Repetitions = 4

[image: image4.png]Normalized throughput, 0.95 @ -0.321dB

E)
3

=
E

~ e o = o
8 8 5 s o

InduBnosu) pezieuoN

o
S

S

10

12

14

16

SNR




3.2.2 #Repetitions = 16
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3.2.3 #Repetitions = 64
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3.3 Case 3 – multitone
Following figures show SNR values vs % max normalized throughout for a multitone (12 tones) NB-IoT according to simulation 3 parameters in Table 1.

3.3.1 #Repetitions = 4
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3.3.2 #Repetitions = 16
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3.3.3 #Repetitions = 64
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3.4 Conclusion

Following table captures SNR values for 30, 70 and 95% max throughput.

	
	SNR at 30%      (dB)
	SNR at 70%       (dB)
	SNR at 95%        (dB)

	Case 1
	Repetitions: 4
	-11.0
	-7.6
	-2.7

	
	Repetitions: 16
	-14.7
	-11.5
	-7.5

	
	Repetitions: 64
	-17.9
	-15.5
	-13.0

	Case 2
	Repetitions: 4
	-8.7
	-5.2
	-0.3

	
	Repetitions: 16
	-12.6
	-9.4
	-5.5

	
	Repetitions: 64
	-15.9
	-13.7
	-11.1

	Case 3
	Repetitions: 4
	-6.1
	-2.6
	2.3

	
	Repetitions: 16
	-10.4
	-7.2
	-2.2

	
	Repetitions: 64
	-14.0
	-10.9
	-6.1
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5 Appendix

Table 2
TBS table for NPUSCH format 1

	
	
	NSF

	
	
	1
	2
	3
	4
	5
	6
	8
	10

	ITBS
	0
	16
	32
	56
	88
	120
	152
	208
	256

	
	1
	24
	56
	88
	144
	176
	208
	256
	344

	
	2
	32
	72
	144
	176
	208
	256
	328
	424

	
	3
	40
	104
	176
	208
	256
	328
	440
	568

	
	4
	56
	120
	208
	256
	328
	408
	552
	680

	
	5
	72
	144
	224
	328
	424
	504
	680
	872

	
	6
	88
	176
	256
	392
	504
	600
	808
	1000

	
	7
	104
	224
	328
	472
	584
	712
	1000
	

	
	8
	120
	256
	392
	536
	680
	808
	
	

	
	9
	136
	296
	456
	616
	776
	936
	
	

	
	10
	144
	328
	504
	680
	872
	1000
	
	

	
	11
	176
	376
	584
	776
	1000
	
	
	

	
	12
	208
	440
	680
	1000
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