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Introduction
In RAN1 #86 meeting, the following agreement is drawn [1]:
Agreements:
· NR should target to support UL non-orthogonal multiple access, in addition to the orthogonal approach, targeting at least for mMTC
Then for mMTC devices, like current NB-IoT devices, the control on battery consumption is quite important. Therefore, PAPR/Cubic metric is a key metric to evaluate proposed multiple access schemes (like the 15 proposed NoMA schemes), especially for uplink. 
In this contribution, the PAPR analysis targeting on mMTC scenario is given and then the low PAPR IGMA is proposed as well as the corresponding evaluation results. 
Discussion
The demand of supporting massive Machine-Type Communication (mMTC) is proposed for NR. To improve the capacity of the multiple access technology, some Non-orthogonal Multiple Access (NoMA) technologies have been proposed, such as Sparse Code Multiple Access (SCMA), Pattern Defined Multiple Access (PDMA) and Multi-user Shared Access (MUSA), and Interleave-Grid Multiple Access (IGMA). 
Even though NoMA could increase the number of served UEs, the mMTC devices usually have special requirements on power consumption and coverage. Generally, the mMTC devices are low-cost and require long battery life [2]. The UE is required to last for 15 years on the premise of satisfying a certain amount of uplink and downlink data transmission, without charging. Meanwhile, coverage of mMTC scenario has also extended, i.e., MCL requirement is 164 dB.  Considering that the Peak-to-Average Power Ratio (PAPR) of the signals has great influence on the power consumption. Moreover, high PAPR requires large power back-off, which will lead to lower average power and result in bad coverage. The PAPR performance of proposed scheme is worth studying.
PAPR analysis
Most of the existing non-orthogonal multiple access modes are combined directly with Orthogonal Frequency Division Multiplex (OFDM), like SCMA, PDMA, so they generally have the problem of high PAPR and high terminal power consumption. On the other hand, the single-carrier frequency division multiple access (SC-FDMA), i.e., DFT-spread-OFDM (DFT-s-OFDM), is used to reduce PAPR in LTE system.
Compared with OFDM, in SC-FDMA, DFT precoding and the subcarrier mapping, are performed before the IDFT. Generally, the points of DFT should not be greater than the points of IDFT. If the points of DFT are equal to the points of IDFT, the transmitted data is consistent with the original data stream. The PAPR of the original data stream can be maintained. If the points of DFT are less than the points of IDFT and the subcarrier mapping module selects localized mapping method, the output data still can be maintained in a certain single-carrier structure, and the PAPR thereof still can be reduced when compared with OFDM. Moreover, the interleaved FDMA (IFDMA) can be regard as a special form of SC-FDMA. The difference from localized mapping SC-FDMA lies in that the subcarrier mapping has an equal interval, e.g., the symbols are mapped to subcarriers with an interval m as shown in Fig. 1.
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Fig. 1 The subcarrier mapping modes for SC-FDMA (localized) and IFDMA (distributed)
It can be proved that the signal passing through IFDMA is the periodic repetition of the input signal with scaling-down. Therefore, a same PAPR as the input signal can be maintained for the output signal. If the horizontal amplitude modulation is performed on the input signal, for example, QPSK or PSK, the output signal can obtain a PAPR of 0dB. The power consumption of the output signal is greatly reduced.
Observation 1: the PAPR value with IFDMA could reach as low as 0dB. 
Thus, in next section, the combination of IGMA and low PAPR configuration is considered. It could show that the PARP has significantly been reduced without sacrificing the BLER performance.
Low PAPR IGMA
As discussed before, applying DFT precoding (SC-FDMA-like manner) could help reducing the PAPR. Thus, it is natural to study the combination of SC-FDMA and IGMA to eventually reduce the PAPR of IGMA. As shown in Fig. 2, apart from normal IGMA operations [3], one module of DFT-precoding is added after the symbol-level interleaving. The resource mapping is functioned as the subcarrier mapping. The distributed mapping manner (like the IFDMA) could be applied to further reduce the PAPR of IGMA.
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Fig. 2 One example of low PAPR IGMA (DFT-based IGMA)
As illustrated in Fig. 3, the data sequence after DFT precoding is mapping on the subcarriers with equal distance. The original symbol sequence passes through symbol level interleaving. In addition to randomizing the symbol orders, the sparsity could also be considered in this step. Then the interleaved sequence goes through DFT operation without changing its length, which is equal to the points of DFT. After mapping to the subcarriers with equal distance manner, the sequence will go to carrier modulation, e.g., IDFT.
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Fig. 3 Example of grid mapping in low PAPR IGMA
Regarding the purpose of distinguishing different UEs, the credentials in normal IGMA such as bit level interleaver and/or grid mapping pattern could still be applied. Furthermore, Different distance on subcarrier mapping could also be used to help to differentiate UEs. Note that now the Cell-edge UEs and cell-center UEs can be multiplexed in FDM manner. Considering the impact to the receiver, in addition to the advanced receiver like chip-by-chip MAP receiver, the modified ESE detector could be used for complexity reduction.
PAPR evaluation
In the section, the PAPR performance of proposed DFT-based IGMA is presented as in Fig. 4.
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Fig. 4. Evaluation of PAPR for DFT-based IGMA
In the simulation, QPSK is used and the DFT size and IDFT size is 64 and 1024, respectively. As illustrated, when using sparse mapping is adopted before DFT precoding, the PAPR is constant as 3 dB. For DFT-based IGMA using direct mapping (no sparsity considered), the PAPR is constant as 0 dB. Thus, it can show that the PAPR is reduced significantly by using the proposed scheme.
Observation 2: the PAPR is reduced significantly, e.g., 0 dB, by using the proposed scheme.
Proposal 1: NoMA with low PAPR should be considered with higher priority for large coverage mMTC scenario, e.g., DFT-based IGMA. 
Conclusion
In this contribution, the PAPR analysis targeting on mMTC scenario is given and then the low PAPR IGMA is discussed. The following are proposed:
Observation 1: the PAPR value with IFDMA could reach as low as 0dB.
Observation 2: the PAPR is reduced significantly, e.g., 0 dB, by using the proposed scheme.
Proposal 1: NoMA with low PAPR should be considered with higher priority for large coverage mMTC scenario, e.g., DFT-based IGMA.
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