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1 Introduction

In RAN1 NB-IoT Ad-Hoc Meeting, the following agreements on NB-IoT UL were reached:
· When single-tone is allocated, Pi/4-QPSK and Pi/2-BPSK are supported
· FFS: How rotation is realized 

· FFS: Phase rotation for RS(s)

· When multi-tone is allocated, QPSK is supported
· FFS: TPSK, 8-BPSK
In this contribution, we discuss the uplink modulation and the aspect of PAPR reduction.
2 Single Tone
By applying constellations for adjacent OFDM symbols differ in rotation angles of Pi/4 (Pi/2), Pi/4-QPSK (Pi/2-BPSK) reduce the maximum phase transition between adjacent symbols from Pi to 3 Pi /4 (Pi/2). Then PAPR is reduced since the high-frequency components are restrained. 
2.1.1 Rotation considering PUSCH repetition
For NB-IoT UEs in enhanced coverage, repetition of NB-PUSCH across multiple subframes should be supported.  In this case, constellation for duplicates of the same data can be the same. Take repetition based on symbol as example [1], assume one NB-PUSCH transmission is repeated Z times. Then the first OFDM symbol of the transport block with Constellation A is repeated by Z times, after that the second symbol with Constellation B is repeated by Z times, then the third one with Constellation A, and so on until all the OFDM symbols of this TB is transmitted. 
If the same constellation is used for duplicates of data in time domain and constellations of different data are chosen previous to mapping. Then the constellation versions are irrelevant to the mapping and dependent only on the data. In this way the data process at the transmitter is simplified. 
Observation 1:
· If the same constellation is used for duplicates of data in time domain and constellations of different duplicates are chosen previous to mapping, the data process at the transmitter is simplified.
Proposal 1: 
· For duplicates of the same data on different OFDM symbols, no rotation is performed.
2.1.2 Rotation considering RS
When the modulation schemes of the reference signal and adjacent data are different, the constellations and related rotation manner should be considered. For example, QPSK is adopted for the reference signal and the modulation of the adjacent data is BPSK, i.e. QPSK + BPSK. In this case, the constellation of data can be chosen so that the reference is not a point on this constellation. As Figure 1 shows, P is the reference signal, and then the constellation of the adjacent data has two points obtained by rotating P by Pi/2 radians.
Observation 2:
· When the modulation schemes of the reference signal and the adjacent data are different, the constellations should be considered.
Proposal 2: 
· When the modulation schemes of the adjacent reference signal and data are different, it is preferable to choose constellation for the data based on the principle that the adjacent reference signal is not a point on this constellation.
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Figure 1 Constellations of reference signal and the adjacent data
3 Multiple Tones
Usually when multi-tone transmission is scheduled, the received SINR is relatively high and thus the UE may work far away from the non-linear region of PA. Therefore, for multi-tone transmission, the PAPR problem is not as significant as for single-tone transmission. At the recent RAN1 Ad-Hoc Meeting, QPSK has been adopted as the modulation scheme for PUSCH. It seems desirable that to improve the PA efficiency, single-tone with PAPR reduction scheme can be configured. Nevertheless, if PAPR is proved as a significant problem, then some PAPR reduction schemes maybe applied.
Observation 3:
· It seems desirable that to improve the PA efficiency, single-tone with PAPR reduction scheme can be configured.
3.1.1 TPSK  
Tone Phase Shift Keying (TPSK) is a modulation scheme that uses both signal phase and tone index to carry information [2]. 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.
It was agreed that multi-tone PUSCH can have 3, 6, 12 tones. Note that TPSK is designed for subcarrier allocation assuming 2n tones. 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. 
Proposal 3:
· If TPSK is adopted, detailed allocation method for tones of 3, 6, 12 needs further study.
3.1.2 8-BPSK 
8-BPSK [3] is another option for PAPR reduction. Figure 2 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 circle on the complex plane. This helps to lower PAPR. However, 8-BPSK cannot support high order modulation such as QPSK, thus limiting the spectral efficieny.  
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Figure 2 Complex data after IFFT by using 8-BPSK
Observation 4:
· 8-BPSK does not cover high order modulation, e.g. QPSK.
4 Conclusions

In summary, we have discussed the uplink modulation and the aspect of PAPR reduction. we make the follwoing observations and proposals:
Regarding the rotation, 
Observation 1:
· If the same constellation is used for the same duplicate of data, the data process at the transmitter is simplified.
Observation 2:
· When the modulation schemes of the reference signal and the adjacent data are different, the constellations should be considered.
Proposal 1: 
· For duplicates of the same data on different OFDM symbols, no rotation is performed.
Proposal 2: 
· When the modulation schemes of the adjacent reference signal and data are different, it is preferable to choose constellation for the data based on the principle that the adjacent reference signal is not a point on this constellation.
Regarding PAPR,
Observation 3:
· It seems desirable that to improve the PA efficiency, single-tone with PAPR reduction scheme can be configured.
Observation 4:
· 8-BPSK does not cover high order modulation, e.g. QPSK.
Proposal 3:
· If TPSK is adopted, detailed allocation method for tones of 3, 6, 12 needs further study.
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