3GPP TSG RAN WG1 NB-IoT Ad-Hoc Meeting                         R1-160097
Budapest, Hungary, 18th - 20th January 2016
Agenda Item:

2.1.2.1 Data Channel
Source:


Sierra Wireless

Title:


NB-IOT PUSCH Modulation Evaluation
Document for:

Discussion
1. Introduction
This paper includes link layer simulation results and analysis of different possible modulation techniques for the NB-PUSCH channel including:
· Pi/4 QPSK

· Pi/2 BPSK

2. Results Summary
The table below shows the number of SF transmissions needed to achieve 10% BLER for different NB-PUSCH modulations.  The list of simulation assumptions are in appendix I.
Table 1: # of SF transmissions needed to achieve 10% BLER 
	MCL(dB)
	Sub-
Carriers
	Pi/4 QPSK
	Pi/2 BPSK

	144
	12
	1
	2

	144
	1
	6
	12

	154
	6
	12
	12

	154
	2
	18
	12

	164
	2
	156
	120

	164
	1
	144
	[FFS]


Observation:  BPSK performance is worse at MCL=144dB
Observation:  BPSK performance is better at MCL>=154dB

Recommendation:  At low SNRs, Pi/2 BPSK should be a specified modulation scheme. 
3. Conclusion

Recommendation:  At low SNRs, Pi/2 BPSK should be a specified modulation scheme and higher SNRs, Pi/4 QPSK or QPSK should be specified. 

4. References

None.
5. Annex I: Simulation Parameters

	Parameter
	Value

	Carrier Frequency
	2 GHz

	Antenna
	1×2, low correlation

	Channel Model
	EPA, 1 Hz Doppler

	Subcarrier Tone
	15kHz

	Carrier Frequency Offset
	+25 to -25 Uniformly distributed

	MCS
	5 (TBS=72 bits+24bit CRC)

	Coding
	Turbo

	Cross-SF channel Est filter length
	8 subframes
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