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1. [bookmark: _Ref298777854]Introduction
In 3GPP RAN1 #86bis, it was agreed that [1]:
Agreements:
· The same constellation mapping as used in LTE (i.e. QPSK, 16QAM, 64QAM and 256QAM) is introduced, while not precluding other constellation mappings
· Note that there might be possibility to exclude some of above constellation mapping based on the further study
· Enhancement modulation schemes for further study include
· Higher order modulation in conjunction with MIMO
· Constellation mapping among subcarriers
· Other constellations (e.g., non-uniform QAM) 
· Coded modulations
· Spatial modulation
· Mappings of bits to symbol(s)
· Rotated-QAM up to BPSK, QPSK
· -QAM (0<k<=1)
· FFS k (e.g., k = 0.5 for BPSK, 0.25 for QPSK)
· Constellation Interpolation
· Note: Other modulation schemes or combinations of the above schemes are not precluded
· Note: Proponents should describe the details of the receivers

This contribution proposes APSK constellations with reduced PAPR.  Moreover the proposed constellations improve the PER vs SNR performance not only on nonlinear channels, but on linear channels as well.
1. Discussion
One well-known method to reduce the PAPR of QAM constellations is using signal shaping through a shaping code. The disadvantage of this technique is the added receiver complexity due to the shaping decoder and the reduced rate due to the shaping code. An alternative method is to use APSK constellations. APSK constellations reduce PAPR without any additional shaping code. Moreover as shown in the figures below, they offer performance improvements even on linear channels. The proposed 16APSK, 64APSK, and 256APSK constellations are depicted below in Figures 1 through 3. These constellations have appeared in various standards including DVB-S2X [2] and DTMB-A [3]. Their capacity comparisons with respect to QAM constellations on linear channels are shown in Figures 4 through 6, and performance gains at representative bandwidth efficiency regions are shown in Table 1. In addition to the performance gains on linear channels shown in Table 1, the proposed constellations also have reduced PAPR as shown in Table 2, which would lead to additional gains on nonlinear channels where high power amplifiers (HPA) are operated close to saturation.
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Figure 1. 16APSK Constellation
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Figure 2. 64APSK Constellation
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Figure 3. 256APSK Constellation (Gray Labeling)
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Figure 4. Linear Channel Capacity Comparison of 16-APSK and 16-QAM
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Figure 5. Linear Channel Capacity Comparison of 64-APSK and 64-QAM
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Figure 6. Linear Channel Capacity Comparison of 256-APSK and 256-QAM

Table 1. Capacity Gains of APSK Constellations with respect to QAM on Linear Channels
	Constellation Order
	Capacity Improvement on Linear Channel

	16
	0.3 dB (@2.5 bits/sym.)

	64
	0.5 dB (@3.5 bits/sym.)

	256
	0.6 dB (@4.5 bits/sym.)



Table 2. PAPR Reduction of APSK Constellations with respect to QAM
	Constellation Order
	PAPR Reduction

	16
	0.36 dB

	64
	0.83 dB

	256
	0.41 dB




Observation 1: Proposed APSK constellations offer performance advantage with respect to QAM constellations even on linear channels at typical operating bandwidth efficiency regions.
[bookmark: _GoBack]Observation 2: Moreover, proposed APSK constellations have reduced PAPR compared to QAM constellations which would lead to more performance gains on nonlinear channels where HPA is operated close to saturation.
Proposal 1: NR supports the described APSK constellations for improved performance.


1. Summary

This contribution proposes APSK constellations already adopted by various standardization bodies for improved performance on linear and nonlinear channels. 
Proposal 1: NR supports the described APSK constellations for improved performance.
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