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1. Introduction

At RAN #69, a new work item named Narrowband Internet of Things (NB-IoT) was approved to specify a radio access solution for cellular internet of things [1]. The following options for uplink are stated. 

· For the uplink, two options will be considered: FDMA with GMSK modulation (as described in 3GPP TR 45.820 section 7.3), and SC-FDMA (including single-tone transmission as a special case of SC-FDMA)
· Technical analysis will either perform a down-selection or decide on inclusion of both.

An often quoted disadvantage of multi-carrier system against single carrier system with GMSK is its higher PAPR. In this contribution, we discuss the PAPR reduction schemes for uplink option with SC-FDMA.
2. PAPR Reduction Schemes
2.1. Single Tone Transmission with Tone Selection
Single tone transmission with tone selection (7A.4.3.4 in [2]) significantly reduces PAPR by effectively reducing the number of “active tones” so that it offers medium data rate using only single tones without high-complexity channel bonding schemes. In order to further reduce the PAPR without performance degradation, rotated PSK can be combined with tone selection followed by time-domain windowing and time-domain filtering as follows:
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Figure 2-1. Transmit chain for PAPR reduction schemes using single tone with tone selection.
The results of link budget performance, supportable data rate, and PAPR evaluation can be found in [3].
Proposal 1: For the mid-range data rate application (such as Robust coverage class), single tone transmission with tone selection is a good candidate for reducing PAPR.
Observation 1: The PAPR of the single tone transmission with tone selection can be further reduced by combining rotated-PSK followed by time-domain windowing, and time-domain filtering.
2.2. SC-FDMA with PAPR Reduction Precoding
SC-FDMA with PAPR reduction precoding (7A.4.3.4 in [2]) reduces PAPR by using frequency domain spectrum shaping which effectively adjusts time domain pulse shape so that it offers high data rate with low PAPR. In order to further reduce the PAPR without performance degradation, rotated PSK can be combined with PAPR reduction precoding as follows:
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Figure 2-2. Transmit chain for PAPR reduction schemes using SC-FDMA with PAPR reduction precoding.
The results of link budget performance, supportable data rate, and PAPR evaluation can be found in [3].
Proposal 2: For the high data rate application (such as Basic coverage class), SC-FDMA with PAPR reduction precoding is a good candidate for reducing PAPR.
Observation 2: The PAPR of the SC-FDMA with PAPR reduction precoding can be further reduced by combining rotated-PSK schemes.
3. Conclusions
In this contribution, we discuss the PAPR reduction schemes for uplink option with SC-FDMA of NB-IoT. Our proposals and observations are as follows.

Proposal 1: For the mid-range data rate application (such as Robust coverage class), single tone transmission with tone selection is a good candidate for reducing PAPR.

Proposal 2: For the high data rate application (such as Basic coverage class), SC-FDMA with PAPR reduction precoding is a good candidate for reducing PAPR.
Observation 1: The PAPR of the single tone transmission with tone selection can be further reduced by combining rotated-PSK, windowing, and filtering schemes.
Observation 2: The PAPR of the SC-FDMA with PAPR reduction precoding can be further reduced by combining rotated-PSK schemes.
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