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1 Introduction

In RAN#69 meeting, narrow band Internet of Things (NB-IoT) has been approved as a new work item based on 3GPP TR 45.820 [1]. According to the WID, NB-IoT should support 3 different modes of operation, stand-alone operation, guard band operation, and in-band operation.
In this contribution, we compare the PAPR characteristics of several uplink modulation schemes.
2 PAPR of uplink modulation schemes
In this section, we briefly revisit the basic feature of uplink modulation schemes for NB-IoT, and then show the simulation results on PAPR.
2.1 Considered modulation schemes
M-PSK
Phase Shift Keying (PSK) is a digital modulation that conveys data by modulating the phase of a reference signal. PSK modulation schemes can be used in NB-IoT system to enhance the spectral efficiency. In [1], BPSK , QPSK, and 8PSK modulations are considered for uplink SC-FDMA [1]. 
TPSK
Tone Phase Shift Keying (TPSK) is a modulation scheme that uses both tone and signal phase to carry information. A TPSK modulation with K allocation tones and M-ary PSK is called (K,M)-TPSK. TPSK use the index of allocated tones to transmit additional bits. It can take advantage of multiple tone transmission while preserving single subcarrier transmission characteristics.
2.2 Simulation Assumptions and Results
The basic simulation parameters used in the PAPR simulation are shown in Table 1.
The simulations were performed on various numbers of subcarriers which are used by UE. All the case of BPSK, QPSK, and 8PSK were considered to find the effect of the modulation order. We did the simulation with a pulse shaping filter  Root raised cosine filter for PSK and TPSK. Time domain windowing and cyclic prefix were not considered in any cases. 

Table 1. Simulation Parameters for PAPR simulation
	Number of total subcarriers 
	72

	FFT size
	128

	Number of used subcarrier for a UE
	1, 2, 4, 8

	Pulse shaping filter
	Root raised cosine filter
(8 oversamples / roll off factor = 0.3)


Figure 1 shows the PAPR results of various modulation schemes with pulse shaping. 
In case of single subcarrier modulation, PAPR value of PSK, TPSK, and 16QAM is 1.465dB, regardless of modulation order. Single subcarrier modulation schemes show smaller PAPR value than other number of subcarrier modulation schemes which is proper to use in NB-IoT system. 
In case of two subcarrier modulation, PAPR value of BPSK is similar to that of the BPSK of single carrier modulation, while PAPR value of QPSK, 8PSK, and 16QAM are 2~2.1dB bigger than single subcarrier M-PSK and QAM modulation. 
In case of four and eight subcarrier is used, all the M-PSK modulation shows 3.4~5.8dB PAPR value, which is not suitable for at least UEs in large coverage enhancements. Likewise, 16QAM is not suitable for NB-IoT system due to the big PAPR value, 5.9~6.3dB.
In case of TPSK modulation, PAPR value is 1.465dB regardless of modulation orders, number of allocated tones and M-PSK order. It means that TPSK can increase data rate without increment of PAPR value by allocating additional subcarriers to UE. 
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Figure 1  99.9% PAPR results of uplink modulation schemes
3 Conclusion
PAPR value with single subcarrier modulation schemes in SC-FDMA system is 1.4dB. Although further investigation to reduce PAPR can be considered, it should be clarified whether any further reduction on PAPR is necessary when single tone is used. When further reduction mechanism is considered, the impact on UE complexity and spectral efficiency degradation should be carefully considered. 

Supporting only single subcarrier transmission leads unnecessary restriction in terms of data rate and flexibility. Thus, multiple subcarrier transmission should be also considered. It is however observed that generally PAPR will be considerably increased with multiple subcarrier transmissions, and it seems that further investigation to address high PAPR with multi-carrier transmissions are necessary. 
Based on the results, we observe the followings:
Observation 1: M-PSK and 16QAM with single tone achieves 1.4dB PAPR, even without any windowing mechanism. 
Observation 2: PAPR value gap of BPSK between using single or two subcarriers is very small. 

Observation 3: PAPR value of multiple carrier transmissions using QPSK, 8PSK, or 16QAM  increases considerably. 
Based on the observations, we propose the followings:

Proposal 1: Adopt single tone SC-FDMA. Clarify whether further reduction of PAPR with single tone transmission is necessary. 

Proposal 2: It needs to further investigate modulation schemes that can support multiple subcarriers with reduced PAPR value.
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