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For Rel-17 WI additional enhancements for NB-IoT and LTE-MTC, there is one objective to specify 16-QAM for NB-IoT:
· Specify 16-QAM for unicast in UL and DL, including necessary changes to DL power allocation for NPDSCH and DL TBS. This is to be specified without a new NB-IoT UE category. For DL, increase in maximum TBS of e.g. 2x the Rel-16 maximum, and soft buffer size will be specified by modifying at least existing Category NB2. For UL, the maximum TBS is not increased. [NB-IoT] [RAN1, RAN4]
· Extend the NB-IoT channel quality reporting based on the framework of Rel-14—16, to support 16-QAM in DL. [NB-IoT] [RAN2, RAN1, RAN4] 
In this contribution, we discuss the DL PAPR for 16-QAM of NB-IoT.
[bookmark: _Ref129681832]Discussion
In legacy NB-IoT, QPSK is used in downlink transmission, with the modulation mapping as below.
Table 7.1.2-1 (of TS 36.211): QPSK modulation mapping
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In Rel-17, 16-QAM is introduced for both DL and UL NB-IoT, with the modulation mapping as below.
Table 7.1.3-1 (of TS 36.211): 16QAM modulation mapping
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According to the modulation mapping of QPSK and 16-QAM, the constellation is illustrated in Figure 1.
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a) QPSK                                                      b) 16-QAM
Figure 1 The constellation of QPSK and 16-QAM












From Figure 1, it can be observed that for QPSK, the power of every RE is the same and thus the power of symbols are the same. However, for 16-QAM, the power of the REs would be different if different bits are mapped. There are three types of power for 16-QAM: I/Q (+/-,+/-), I/Q (+/-,+/-), and IQ(+/-,+/-) or (+/-,+/-). As a result, the power of symbols may be different if different bits are mapped. For example, if bits (0000) with I/Q (,) are mapped to the 12 subcarriers of one symbol, and bits (0011) with I/Q (,) for another symbol, the power difference would be very large. As a result, the PAPR for 16-QAM is increased compared to QPSK.
Observation 1: The PAPR of 16-QAM for DL NB-IoT is increased compared with QPSK.




To tackle this issue, one straightforward way would be to relax the RAN4 requirement such as EVM, or to allow larger power back-off. However, these would have negative impacts on the transmission signal quality or coverage of 16-QAM. Therefore, it is preferred to reduce the 16-QAM PAPR without changing the RAN4 requirments. For example, the PAPR can be reduced by avoiding extreme mapping of bits, where the extreme bit mapping includes mapping of bit sequence with I/Q of (+/-,+/-) for all 12 sub-carriers, or bit sequence with I/Q of (+/-,+/-) for all 12 sub-carriers. Therefore, we have the following proposal.
Proposal 1: RAN1 to consider the reduction of 16-QAM PAPR for DL NB-IoT.

Conclusions
We discussed the DL PAPR for 16-QAM of NB-IoT, and having the following observation and proposal:
Observation 1: The PAPR of 16-QAM for DL NB-IoT is increased compared with QPSK.
Proposal 1: RAN1 to consider the reduction of 16-QAM PAPR for DL NB-IoT.
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