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Compressed QAM modulation
1 Introduction

One issue with linear modulations such as 16QAM is the need for a linear power amplifier. Depending on the amplitude variations of the modulation (the peak-to-average ratio, PAR, and minimum-to-average ratio, MAR), the requirements on PA linearity will be more or less stringent. Also, a higher PAR requires that the average transmitted power is reduced, which reduces the coverage and may have an impact on neighbour cell measurements when used on the BCCH carrier in downlink.
As a part of the GERAN evolution feasibility study ‎[1], a 16QAM modulation with π/4 rotation has been proposed. With π/4 rotation, 16QAM has a PAR of 5.3 dB and a MAR of ~35 dB. This should be compared to the modulation used in EDGE, 8PSK with 3π/8 rotation, which has a PAR of 3.2 dB and a MAR of ~14 dB.
This contribution presents a method that limits the PAR and MAR of a 16QAM modulated signal without impacting the signal power spectrum and with only minor losses in link performance.
2 Description

Soft clipping of peaks and minima is done by adding a compensation signal to the original 16QAM-modulated signal. The compensation signal is filtered through the same pulse shaping filter (in this case a linearised GMSK pulse) as the original signal. Therefore, the modulation spectrum of the signal will not change.

2.1 Illustrations of smooth compression
In the example below, the PAR is limited to 4 dBc and the MAR to -15 dBc.

Figure 1 shows an example of peak compression. The black curve is the original signal, which has a peak slightly above 5.1 dBc. The red curve is the compensation signal that is added to the original signal. As shown by the green curve, the resulting signal is limited to 4 dBc.
[image: image1.wmf]
Figure 1. Example of peak compensation.

Figure 2 shows an example of minimum compression. The minimum at -22 dBc of the original signal is compensated and the new minimum is -15 dBc.

[image: image2.wmf]
Figure 2. Example of minimum compression.

Figure 3 shows an example of a minimum compression followed by a peak compression.
[image: image3.wmf]
Figure 3. Example of peak and minimum compression.
2.2 Signal power distribution
The signal power distribution of 8PSK, 16QAM and 16QAM with peak/min compression is shown in Figure 4. In this example, the PAR and MAR limits are set to -15 and 4 dBc, respectively.
[image: image4.wmf]
Figure 4. Signal power distribution.

2.3 Spectrum due to modulation
Figure 5 shows the spectrum of 8PSK, 16QAM and 16QAM with peak/minimum compression. It can be seen that the spectrum is not affected by the smooth compression.
[image: image5.wmf]
Figure 5. Spectrum.

3 Link performance

3.1 Min compression
Figure 6 shows the BLER performance impact of smooth min compression. The losses are summarised in Table 1.
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Figure 6. BLER performance of MCS9-16QAM with smooth min compression.

It can be seen that the min compression has a very limited impact on the performance for MCS9-16QAM, even when the lower limit is -14 to -13 dBc. (The lowest level of EDGE (8PSK modulation with 3π/8 rotation is -13.4 dBc.) 
	Lower limit
	Unlimited
	- 17 dBc
	-14 dBc
	-13 dBc

	Loss @ 10% BLER
	-
	0.02 dB
	0.08 dB
	0.14 dB


Table 1. Loss in BLER performance for MCS9-16QAM with smooth min compression.
3.2 Peak compression
Figure 7 shows the BLER performance impact of smooth peak compression. The losses are summarised in Table 2.
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Figure 7. BLER performance of MCS9-16QAM with smooth peak compression.

Limiting the peaks to 4-4.5 dBc has only a minor performance impact. When the upper limit is set to 3.25 dBc (i.e., the same peak level as EDGE), there is a 1.5 dB loss. Note though that this reduces the PAR by 2 dB (from 5.3 dB to 3.25 dB) and therefore allows the output power to be increased by 2 dB. Thus, there is a net gain of 0.5 dB in coverage limited situations
. The best compromise seems to be a PAR limit of 4 dB in this case.
	Upper limit
	Unlimited
	5 dBc
	4.5 dBc
	4.25 dBc
	4 dBc
	3.25 dBc

	Loss @ 10% BLER
	-
	0.01 dB
	0.1 dB
	0.2 dB
	0.35 dB
	1.5 dB

	Net coverage gain
	-
	0.3 dB
	0.7 dB
	0.8 dB
	0.95 dB
	0.5 dB


Table 2. Loss in BLER performance with smooth peak compression.
3.3 Peak and minimum compression

Figure 8 shows the BLER performance impact of simultaneous peak and min compression. The losses are summarised in Table 3.
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Figure 8. BLER performance of MCS9-16QAM with smooth peak and min compression.

Comparing Table 3 with Table 1 and Table 2, it can be seen that the losses from min and peak compression are roughly additive.
	Lower limit
	Unlimited
	-14 dBc
	-13 dBc
	-13 dBc
	-13 dBc

	Upper limit
	Unlimited
	4.5 dBc
	4.25 dBc
	4 dBc
	3.25 dBc

	Loss @ 10% BLER
	-
	0.15 dB
	0.32 dB
	0.5 dB
	1.6 dB

	Net coverage gain
	-
	0.65 dB
	0.7 dB
	0.8 dB
	0.4 dB


Table 3. Loss in BLER performance with smooth peak and min compression.
Note: Simulation results for higher MCSs, including 32QAM modulated ones, will be presented in a revised version of this contribution. Preliminary results indicate that substantial reductions of PAR and MAR are possible, even though not as large as for MCS9-16QAM.
4 Conclusion

Peak and minimum compression can be used to limit the peak-to-average ratio (PAR) and minimum-to-average ratio (MAR) of a 16QAM modulated signal without impacting the signal power spectrum and with only minor losses in link performance. In coverage limited situations, this method will give a net gain of up to 0.8 dB for MCS9-16QAM, compared to uncompressed 16QAM. Further, the accuracy of neighbour cell measurements will be improved when 16QAM is used on BCCH carriers.
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� The simulations presented are for an interference limited scenario but similar impacts to link performance are expected in a sensitivity limited scenario.
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