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1. Introduction

Single-carrier transmission (SC-FDMA) has emerged a main proposal for the E-UTRA uplink transmission scheme. A main benefit of single-carrier transmission is the possibility for low envelope variations (low peak-to-average [power] ratio, PAR) allowing for longer battery life, improved range, and, in general, lower-cost terminals.

As described in [1] and [2], in addition to its inherent low PAR, single-carrier transmission enables further potential PAR reduction by the application of special modulation schemes. In this paper, we briefly discuss the potential benefits of such schemes. As a conclusion we recommend that 3GPP should consider the use of PAR-reducing modulation as an enhancement to the E-UTRA SC-FDMA uplink. A text proposal is provided in a parallel paper [3].

2. PAR reducing modulation for E-UTRA uplink

Current assumption is that the set of supported E-UTRA uplink modulation schemes consists of QPSK, 16QAM and, possibly, 8PSK. 

A possible modification to further reduce the envelope variations is to apply a phase shift of (/4 to every second QPSK symbol, leading to so-called (/4-QPSK modulation. Note that a known (/4 phase shift has no impact on link performance and thus (/4-QPSK has the same link performance as QPSK. 

For low data rates (long-range scenarios), (/2-BPSK modulation could also be considered. (/2-BPSK should be seen as a modification to BPSK, were a phase shift of (/2 is applied to every second BPSK symbol. 


[image: image1.wmf] 

Even symbols 

 

Odd symbols 

 

p

/4

-

QPSK

 

p

/2

-

BPSK

 


Figure 1 (/4-QPSK and (/2-BPSK – signal constellations

Figure 2 illustrates PAR and cubic metric (CM) for QPSK, (/4-QPSK, (/2-BPSK and for different amount of spectrum shaping (RRC spectrum assumed with different roll-off). As can be seen, the use of (/4-QPSK modulation leads to a reduction in PAR between 0.2 dB and 0.5 dB but no reduction CM, compared to QPSK. In contrast, (/2-BPSK leads to a substantial reduction in both PAR and CM.


[image: image2.wmf]0

1

2

3

4

5

6

7

0

0.15

0.22

QPSK

pi/4-QPSK

pi/2-BPSK



 EMBED Excel.Chart.8 \s [image: image3.wmf]-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

0

0.15

0.22

QPSK

pi/4-QPSK

pi/2-BPSK


Figure 2 99.9 percentile PAR (left) and cubic metric (right) for different roll-off

Clearly (/2-BPSK (similar to BPSK) implies a substantial reduction of spectrum efficiency compared to e.g. QPSK. However, it is equally clear that in some cases, E-UTRA data rates will be coverage (power) limited rather than bandwidth limited. In such cases we believe that (/2-BPSK could be an interesting complement to the currently assumed E-UTRA uplink modulation schemes, especially as it can be supported with basically no impact on either base station or terminal complexity. 

It should be noted that (/2-BPSK has many similarities with offset-QAM modulation (half a symbol time shift between I and Q branches). Thus the results of Figure 2 indicate that also offset-QAM could be interesting to consider for E-UTRA.

3. Conclusion

It has been shown that minor modifications to the basic modulation schemes assumed for E-UTRA single-carrier uplink can potentially provide substantial reduction in PAR. It is recommended that 3GPP should consider the use of PAR-reducing modulation as an enhancement to the E-UTRA SC-FDMA uplink. A text proposal is provided in a parallel paper [3]
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