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1. Introduction

Various solutions to the reduction of PAPR/Cubic Metric(CM) of uplink (UL) signals were shown and discussed at the past RAN1 meetings as achieving UL single-carrier signals having sufficiently low CM is a highly ranked target in the study of E-UTRA UL radio access. The solutions include the use of special modulation formats, spectrum shaping filters with proper roll-off factors, pre-FFT amplitude adjustment and post-IFFT time-domain signal clipping. However, few attentions were paid to the PAPR/CM of reference signal.

On the UL in the EUTRA, the reference and control/data signals are time-division multiplexed in the same carrier. So the CM of reference signals can affect that of the UL signals.

This contribution focuses on CM property of reference signals using CAZAC sequences.
2. CM property of CAZAC sequences

Among various CAZAC sequence family, we chose Zadoff-Chu sequences [1] for our study of CM properties of CAZAC sequences.

Zadoff-Chu sequences with length of odd number L are expressed by the following formula: 
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where k denotes the sequence index.

Figure 1 shows CM characteristics [2] of localised reference signals employing Zadoff-Chu sequences for three different sequence lengths (L=37, 73, 149, respectively corresponding to 1.25 MHz, 2.5 MHz, 5 MHz bandwidth ). The CM were calculated over one Short Block duration (1024(=4*256) sampling points) with an over-sampling factor of 4 at the output of 256-point IFFT. The calculation assumed the use of 10MHz-bandwidth UE in which 256-point- and 512-point IFFTs generate signals in Short- and Long Blocks respectively regardless of signal transmission bandwidth. The 256-point DFT/IFFT chain from which the localised reference signal under calculation doesn’t have internal spectrum shaping filters. Figure 1 also shows CM of BPSK, QPSK and 16QAM signals.

The figure shows that CM values of “Zadoff-Chu” reference signals largely vary with respect to sequence index. The values range from about –0.5 dB to +2 dB. Some sequences have larger CM than 16QAM signals. This large variation in CM value is thought to result from the phase transition properties depending on the sequence index (See equation 1).  The same result would be found in the case of distributed “Zadoff-Chu” reference signals.
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Fig. 1   CM properties of CAZAC reference signals,   roll-off factor = 0 

Figure 2 shows constellation diagrams for two L=37 “Zadoff-Chu” reference signals (denoted C137 and C1437)   each having different sequence index and may help intuitive understanding of the nature of CM of the sequences. The constellation diagram of C1437, which has a CM of 1.97 dB, has large peaks caused by the consecutive large　phase transitions, while that of C137, which has a CM of –0.2 dB, has very small variation in amplitude.
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Fig. 2   Constellation diagrams of two CAZAC sequences: C137 (left) and C1437 (right)
3. Conclusion

In this contribution, we have shown that reference signals using Zadoff-Chu sequences as a CAZAC sequence have different Cubic Metric (CM) values according to the sequence index(k) and length(L). The values range from around –0.5 dB to +2 dB.  Also the cases of other sequences of CAZAC sequence family would see, to a certain extent, similar variation in CM value. 

[suggestion]
As the reference and control/data signals are time-division-multiplexed in the same carrier on the UL of E-UTRA, the CM of reference signal affects that of UL signal. Hence CM properties of CAZAC sequences should be taken into account in the study of UL reference signals.
We suggest selecting appropriate sequence indexes of CAZAC sequences in order to achieve low-CM reference signals using the CAZAC sequences.

The TP for this contribution appears in the bottom.
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 ----------------------------------  text proposal  --------------------------------------

9.1.1.6
Power De-rating Reduction

Single-carrier transmission allows for further power de-rating reduction, e.g., through the use of specific modulation or coding schemes, clipping, spectral filtering, reference signals with low CM/PAPR etc.

For example, modifications to the basic modulation schemes in section 9.1.1, such as per-symbol phase rotations ((/4-QPSK, (/2-BPSK) and I/Q-offsetting (offset-QPSK, offset-QAM), 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/link efficiency and power de-rating reduction. For a given spectral efficiency, different spectrum-shaping functions can provide different power de-rating reductions. Note that CM and PAPR are indicators of power de-rating. CM is a more appropriate indicator than PAPR of power de-rating achieved by different power de-rating reduction techniques. The use of spectrum shaping, including the use of different spectrum shaping parameters for different modulation schemes, number of sub-carriers or different scenarios (e.g. capacity/bandwidth limited vs. coverage/power limited), should be considered. Different spectrum shaping functions should be further studied and optimized for different uplink modulation formats considered. In the case of π/2-BPSK modulated signals, both the PAPR and the CM can be reduced significantly by spectrum shaping using the Kaiser window without reducing the spectral efficiency.
Another candidate for power de-rating reduction is the FFT Pre-processing technique. In this approach selected input modulation symbols are attenuated in order to reduce power de-rating as indicated by PAPR/CM at the output of the IFFT. This FFT pre processing approach is valid for any FFT size M and IFFT size N, and for both “localised” or “distributed” sub-carrier variants. This scheme can also be combined with pulse shaping for example RRC filtering implemented in the frequency domain.
CAZAC sequences are assumed to be used as UL reference signals. The sequences show different CM/PAPR with respect to the sequence length and index. As the reference and data/control signals are time-division-multiplexed in the same carrier, reference signals using CAZAC sequences with low CM should be used.
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