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1. Introduction

Several methods to reduce the PAPR of SC(Single Carrier) signals were already proposed. For example, the use of spectrum shaping filter, signal clipping and enhanced modulation such as /4-shifted QPSK and /2-shifted BPSK.  This contribution focuses on the scheme using the enhanced modulation.  So far, in the previous RAN1 meetings, the enhanced modulation proposals have mainly addressed QPSK and BPSK. In this contribution, we propose to add a circular 16QAM[1]-[4] to the candidate list for UL modulation.  
2. Circular 16QAM

Figure 1 illustrates constellations of conventional 16QAM and a (4,12) circular QAM. Many types of signal constellation patterns are possible for circular 16QAM. We selected (4,12) type as only an example. The constellation has two rings. The outer ring has 12 constellation points and the inner ring has 4 constellation points.
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 Square 16QAM                                  (4,12) Circular 16QAM
Fig. 1  Signal constellations for 16-level modulation
PAPR for different a1:a2 ratios was examined for circular 16QAM.  The ratio of a1 and a2 in the square 16QAM is assumed to be the same as that for HSDPA.  Table 1, below, illustrates the PAPR advantage of circular 16QAM in comparison to the circular 16QAM.   For a1:a2  ratio of 1:1.4 for circular 16QAM, PAPR gain of  1.37dB for 99.99% is achieved over the square 16QAM.    

Table 1:  PAPR comparison of Square 16QAM and Circular 16 QAM

	Modulation scheme
	99.99%  PAPR [dB]

	Square 16QAM
	6.36

	(4,12) Circular 16QAM (a1: a2 = 1:3)
	5.44

	(4,12) Circular 16QAM (a1: a2 = 1:2)
	5.26

	(4,12) Circular 16QAM (a1: a2 = 1:1.8)
	5.2

	(4,12) Circular 16QAM (a1: a2 = 1:1.5)
	5.05

	(4,12) Circular 16QAM (a1: a2 = 1:1.4)
	4.99


        The PAPR calculation applied to only the data part (not include the pilot part). 
3.   Simulation results

In this section we examine the BLER performance of circular 16QAM scheme by link level simulation.  Table 2 shows the simulation parameters.  The ratio of a1 and a2 in the Square 16QAM in this simulation is similar to that for HSDPA.

Table 2 Simulation assumptions
	Access 
	SC-FDMA    BW=5 MHz

	Modulation scheme
	Square 16QAM, 

(4,12) Circular 16QAM (a1:a2=1:3, 1:2, 1:1.8, 1:1.5, 1:1.4 )

	TTI length
	0.667 ms

	Pilot overhead
	10 %

	power ratio of pilot and data
	1:1

	Cyclic prefix
	no

	Symbol rate
	3.84 Msps

	Channel coding
	Turbo code(K=4, R = 1 /3)  

	Roll-off factor of filter
	0.22   (time-domain pulse shaping filter)

	Propagation condition
	1-path static (AWGN)

	Channel estimation
	ideal

	Rx diversity
	2 Rx


Figure 2 shows BLER vs Average SNR performance of the various modulations schemes with channel coding parameters as per Table 2.   Compared to Square 16 QAM, the Circular 16QAM scheme suffers degradation of 0.2 to 0.4dB at 0.1 BLER depending on the a1:a2 ratio selected for the Circular 16QAM.   However, this degradation is less than the PAPR reduction.  Figure 3 shows the Peak SNR vs BLER where Peak SNR is defined as Average SNR + PAPR at 99.99% cdf.  For the case of a1:a2 = 1:1.4 and 1:1.5 overall improvement of 0.94dB is achieved at 0.1 BLER.
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Fig. 2  Average SNR vs BLER
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Fig. 3  Peak SNR vs BLER

The definition of Peak SNR is “Average SNR + PAPR.”
4. Conclusion
This contribution shows that 16QAM with a circular-type constellation outperforms 16QAM with conventional square constellation by around 0.94dB PAPR advantage. Thus we propose that circular 16QAM be added to the candidate list of  UL SC modulation scheme.  

Whilst we have studied one particular formation of the circular-type constellation for 16QAM, we suggest that other formations of the circular-type constellation for 16QAM may be investigated for enabling PAPR efficient E-UTRA UL SC scheme.
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---------------  text proposal  ------------------

9.1
SC-FDMA (FDD / [TDD])

9.1.1
Basic transmission scheme

9.1.1.6
Peak-to-Average Power Ratio (PAPR) Reduction

Single-carrier transmission allows for further PAPR reduction, e.g., through the use of PAPR-reducing modulation or coding schemes, clipping, spectral filtering, etc.

For example, modifications to the basic modulation schemes in section 9.1.1, such as per-symbol phase rotations ((/4-QPSK, (/2-BPSK), I/Q-offsetting (offset-QPSK, offset-QAM), and circular 16QAM should be considered.
For example, frequency-domain spectrum shaping can be applied between the output of the DFT and the input of the sub-carrier mapping in Figure 9.1.1-1. The selection of the filter shape is a trade-off between spectrum efficiency and PAPR reduction. For a given spectral efficiency, different spectrum-shaping functions can provide different PAPR reductions. Different spectrum shaping functions should be further studied and optimized for different uplink modulation formats considered. 
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