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1 Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]In RAN1 Meeting # 83, the following agreements on NB-IoT UL were reached:
· Single-tone transmissions are supported
· numerologies should be configurable for Single-tone transmission: [3.75]kHz and 15kHz
· A cyclic prefix is inserted
· Frequency domain Sinc pulse shaping in the physical layer description
· Multi-tone transmissions are supported
· Multi-tone transmissions are based on SC-FDMA
· 15 kHz UL subcarrier spacing
· Additional mechanisms for PAPR reduction FFS
In this contribution, we discuss the aspect of PAPR reduction.
2 Performance Metrics
In the email discussion on the performance metrics for schemes for PAPR reduction, there are two cases:
·  Case 1: PAPR and/or CM
· Case 2: Practical power backoff
Case 2 requires intricate modeling of power amplifier (PA) and the spectrum emission mask (SEM) /Error Vetor Magnitude (EVM) requirement also needs to be discussed and determined. Due to timeline restriction for NB-IoT, Case 1 is more reasonable. Regarding Case 1, CM is calculated based on the cubic term of the output of power amplifier, which is a main cause of adjacent channel leakage (ACL). PA power backoff is performed to lower ACL, thus CM is related to power backoff. In WCDMA, CM is utilized as metrics for PA power backoff. In LTE, power backoff is relevant to not only CM, but also the resource block allocation and the occupied bandwidth. However, CM is still a backoff indicator for comparing different schemes for PAPR reduction, especially with the same frequency allocation for transmitted data.

Proposal 1: CM can be used as performance metrics for PAPR reduction schemes.

2.1 [bookmark: OLE_LINK14]PAPR reduction Schemes
If PAPR is proved as a significant problem, then some PAPR reduction schemes maybe applied. 
2.1.1 TPSK  
Tone Phase Shift Keying (TPSK) is a modulation scheme that uses both signal phase and tone index to carry information [1]. A TPSK modulation with K allocated tones and M-ary PSK is called (K, M)-TPSK. TPSK maps the modulated symbol to one tone out of one or several allocated tones. It preserves single subcarrier transmission characteristics and thus has low PAPR. This helps to improve the efficiency of PA, which is important to contain the service cost and ensure the coverage.
The allocated K tones carry log2(K) additional bits. It is relatively inefficient in term of spectral efficiency since K tones can be used to transmit K modulated symbols in conventional SC-FDMA. For example, there is one bit information waste for (2,2) TPSK which carries three bits information while for conventional SC-FDMA four bits can be transmitted. Four bits loss occurs for (2,4) TPSK which carries four bits information while for conventional SC-FDMA eight bits can be sent. Thus TPSK is more suitable in the case of small numbers of allocated tones.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In the recent email discussion on PUSCH, multi-tone transmission supports at least 1 and 12 subcarriers, and 3, 4, 6, 8 are FFS. On the other hand, TPSK is designed for subcarrier allocation with tone number of the n-th power of 2. Therefore, PAPR reduction schemes for 3, 6, 12 subcarriers should be FFS. 
For 3, 6, 12 subcarriers, tone index and signal phase can be jointly used to carry bit information. For example, three tones and three 3-PSK symbols generate nine states. Each state corresponds to one symbol on 3-PSK constellation and one tone out of the three subcarriers. Eight out of these nine states can carry 3 bit information. 

Observation 1:
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]If TPSK is adopted, PAPR reduction schemes for the cases of allocated tone numbers of 3, 6, 12 should be FFS.
2.1.2 8-BPSK 
8-BPSK [2] is another option for PAPR reduction. Figure 1 shows the complex data after IFFT. It can be seen that by using 8-BPSK, symbols in time domain after IFFT are restricted inside a loop on the complex plane. This distribution feature helps lower PAPR of the transmitted signal. However, one disadvantage of 8-BPSK is, it does not cover high order modulation, e.g. QPSK, while QPSK has been adopted as the only modulation scheme for PUSCH.
[image: ]
Figure 1 Complex data after IFFT by using 8-BPSK
Observation 2:
· 8-BPSK does not cover high order modulation, e.g. QPSK.
2.1.3 Precoding scheme
In precoding scheme, a PAPR reduction precoding is performed after DFT. For example, a 12×16 precoding matrix is used to transform an M = 12 points data into N = 16 points [3].The PAPR is reduced at the cost of reduced spectral efficiency.  Since the largest tone number for multi-tone transmission of LTE NB-IoT is 12, the spectral efficiency loss may be significant for precoding scheme. For example, a 12×16 precoding matrix causes 25% SE loss while a 8×12 precoding matrix results in 33% SE degradation. Thus better precoding matrix or precoding approach should be designed to reduce SE degradation.  
If the precoding scheme is adopted, N×M precoding matrix T with different M (DFT point number) and N (allocated tone number) should be considered. In our preceding contribution [3], two approaches are used to obtain the elements of T. One utilizes the interpolated values of the frequency response of a root-raised cosine filter with a certain rolling factor. The other approach decides the elements in the way showed in [4].

Observation 3:
· For precoding scheme, better precoding matrix should be designed to reduce SE degradation. 
3 Conclusions
In summary, we focused on the aspect of PAPR reduction, and brifely discussed several schemes to reduce PAPR for uplink of NB-IOT in the SC-FDMA framework, with the following proposals and observation:
Proposal 1: CM can be used as performance metrics for PAPR reduction schemes.
If PAPR is proved as a significant problem, then some PAPR reduction schemes maybe applied.
Observation 1:
· If TPSK is adopted, PAPR reduction schemes for the cases of allocated tone numbers of 3, 6, and 12 should be FFS.
Observation 2:
· 8-BPSK does not cover high order modulation, e.g. QPSK.
Observation 3:
· For precoding scheme, better precoding matrix should be designed to reduce the SE degradation. 
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