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1 Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]At RAN#69, the work item - narrow band IOT (NB-IOT) was approved, with one of the objectives stated as [1]:
· 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 
In this contribution, we summarize and discuss several schemes that can reduce PAPR for uplink of NB-IOT in SC-FDMA based solution. Two cases of subcarrier spacing are considered, 2.5 kHz and 15 kHz. With 2.5 kHz subcarrier spacing, more subcarriers can be scheduled, and thus allowing more options for PAPR reduction. 
2 2.5 kHz subcarrier spacing
Modulation and precoding schemes can be applied to reduce PAPR.
2.1 [bookmark: OLE_LINK14]Modulation Scheme
2.1.1 TPSK  
Tone Phase Shift Keying (TPSK) is a modulation scheme that uses both signal phase and tone index to carry information. 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 power amplifier (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. Thus TPSK is more suitable in the case of small number of allocated tones, e.g. 1/2/4/8. 
2.1.2 Hybrid Modulation 
In hybrid modulation scheme, symbols are modulated using a mix of modulation orders, e.g. both BPSK and QPSK are incorporated. By intricate design of the mapping between the encoded bits to the modulated symbol, the output of IDFT has less fluctuation in modulus. The PAPR is then reduced. As the number of allocated tones increases, the design of hybrid modulation becomes more complex. However, hybrid modulation is a candidate when the allocated number of tones is small, e.g. 1/2/4/8. 
Proposal 1: For small number of allocated tones, e.g. <= 8 with 2.5 kHz subcarrier spacing, TPSK and hybrid modulation can be considered for PAPR reduction.
2.2 Precoding scheme
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In precoding scheme, a PAPR reduction precoding is performed after DFT processing. For example, a 32×24 precoding matrix is used to transform an M = 24 points data into N = 32 points [2]. The PAPR is reduced significantly at the cost of reduced spectral efficiency. 
· When the number of allocated tones is relatively large, e.g. > 8, the reduction of SE may be tolerable, while for small number of allocated tones, the degradation is unacceptable. Therefore, precoding scheme is more available for the case of large number of allocated tones, e.g.  > 8.  
Here we consider N×M precoding matrix T with different M (DFT point number) and N (allocated tone number). This type of matrix has the following form:


                                                                             (1)
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK7][bookmark: OLE_LINK8]where A and A' are (N-M) ×(N-M ) diagonal matrices with diagonal elements {a1 , a2……， aN-M } and {aN-M , aN-M-1……， a1 } in an ascending order of row index, respectively. B is the 2M-N ×2M-N diagonal matrix with elements {b1 , b2……， b2M-N }. There are two approaches to obtain the elements of T: 
· Approach A: {a1, a2……，aN-M } can be the interpolated values of the frequency response of a root-raised cosine filter with a certain rolling factor. B is an element matrix.
· 
Approach B: {a1, a2……，aN-M, b1, b2……，b2M-N, a N-M, a N-M,-1, ……，a1 } can be determined by the following procedure [3]. First, to sample w(x) at x = - (N-1)/(2*M)+k/M, where k = 0,1,…, N-1, and then to normalize w(k) so that . w(x) is given by the following equation.

                                                  (2)

Figure 1 shows the complementary CDF (CCDF) curves of PAPR of three schemes: the conventional SC-FDMA, precoding scheme- Approach A/B, with different values of M and N. The modulation scheme is QPSK.
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(a) M = 12, N = 16
[image: 24 to 32]
(b) [bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK21][bookmark: OLE_LINK22]M = 24, N = 32
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(c) M = 36, N = 48
Figure 1 CCDF curves of PAPR 

[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Observation: For large number of allocated subcarriers, e.g. > 8 with 2.5 kHz subcarrier spacing, precoding scheme can significantly reduce PAPR. 
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]The precoding matrix can be designed to accommodate different combinations of DFT point number and allocated tone number. How to determine the elements of the precoding matrix should be further investigated.
3 15 kHz subcarrier spacing
With 15 kHz subcarrier spacing, only 12 subcarriers can be scheduled within 180 kHz bandwidth. Comparing with 2.5 kHz subcarrier spacing, there is less number of subcarriers available for allocation. Modulation schemes including TPSK and hybrid modulation can be applied to reduce PAPR. Apart from those, orthogonal sequences such as root Zadoff-Chu sequence can be considered for modulation. More specifically, one modulated symbol can be carried and extended to 180 kHz by an orthogonal sequence in one OFDM symbol. Thanks to the constant-modulus feature, it is of advantage to reduce PAPR by using Zadoff-Chu sequence.

Proposal 2: For 15 kHz subcarrier spacing, TPSK, hybrid modulation and root Zadoff-Chu sequence can be candidates for reduction of PAPR in NB-IOT.
4 Conclusions
In summary, we discussed several schemes to reduce PAPR for uplink of NB-IOT in the SC-FDMA framework, with the following proposals and observation:
Proposal 1: For small number of allocated tones, e.g. <= 8 with 2.5 kHz subcarrier spacing, TPSK and hybrid modulation can be considered for PAPR reduction.
Observation: For large number of allocated subcarriers, e.g. > 8 with 2.5 kHz subcarrier spacing, precoding scheme can significantly reduce PAPR. 
Proposal 2: For 15 kHz subcarrier spacing, TPSK, hybrid modulation and root Zadoff-Chu sequence can be candidates for reduction of PAPR in NB-IOT.
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