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16QAM with alternative transmit pulse shaping
1 Introduction

Higher order modulation in combination with turbo codes is a candidate for future GERAN evolution ‎[1]. It has been shown in ‎[3]‎[4] that even though turbo codes do not bring a major link level gain, they give a gain (in the order of 1-1.5 dB) to a wide range of MCS:s, which has a large impact on system performance. Gains from 16QAM+turbo codes of ~30% in average session bit rates and ~50% in spectral efficiency have been reported, of which half is from the turbo codes and half from the 16QAM modulation ‎[3]‎[4].

However, since decoding of turbo codes is computationally complex, it may not be feasible in all legacy BTS equipment without hardware impacts. Hardware impacts to legacy networks should be avoided according to the objectives of the GERAN evolution feasibility study ‎[2]. It is therefore of interest to look at alternative improvement methods for the uplink that can be combined with higher order modulations.

One such enhancement is to use other transmit pulse shapes than the linearised GMSK pulse normally used for EDGE. In the following sections, root-raised cosine (RRC) pulses are evaluated.
2 Link performance
Link simulations have been run to evaluate the performance of different RRC Tx pulses.

2.1 Simulation conditions

The simulation assumptions are summarised in Table 1.

	Parameter
	Value

	Modulation/coding scheme
	MCS8-16QAM

	Channel
	TU3 iFH (co-channel)
TU50 noFH (sensitivity)

	Tx pulse shaping filter
	RRC, rolloff=0.3

	RRC Tx pulse  single sided bandwidth
	80 kHz

120 kHz

135 kHz

	Rx filter
	RRC, rolloff=0.3

	Rx filter single sided bandwidth
	80 kHz

120 kHz

	Tx impairments
	None

	Rx impairments
	Phase noise: 1.5 deg. RMS

I/Q amplitude gain imbalance: 0.1 dB 
I/Q phase imbalance: 1.5 deg.

	Backoff
	Not included

	Simulation length
	10000 bursts per simulation point


Table 1. Simulation parameters.
2.2 Simulation results

Figure 1 shows co-channel interference limited link level performance with different RRC Tx pulses and Rx filters. Performance with a linearised GMSK Tx pulse is shown as reference.
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Figure 1. Co-channel performance for MCS8-16QAM with different Tx pulse shaping filters and Rx filters. The filter bandwidths shown in the plots are single sided.
Figure 2 shows sensitivity limited link level performance with different RRC Tx pulses and Rx filters. Performance with a linerarised GMSK Tx pulse is shown as reference.
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Figure 2. Sensitivity performance for MCS8-16QAM with different Tx pulse shaping filters and Rx filters. The filter bandwidths shown in the plots are single sided.

3 Spectrum

Figure 3 shows the spectrum of 16QAM with different Tx pulse shaping filters. It can be seen that the RRC pulse with 80kHz ssb bandwidth fulfils the GSM spectrum mask with good margin (in fact, a somewhat wider pulse would also fulfil the spectrum mask).
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Figure 3. Spectrum of 16QAM with linearised GMSK pulse and different RRC pulses. The 8PSK spectrum mask for MS ‎[3] is also shown.

4 Discussion

Figure 1 shows that a RRC Tx pulse gives gains of 1.5 dB in a co-channel interference limited scenario. Figure 2 shows that the gain in a sensitivity limited scenario is 2.5-3 dB. Note that the gain is insensitive to the filter bandwidth (within the evaluated range), as long as the Tx and Rx filter bandwidths are the same. Therefore, these gains can be achieved while fulfilling the GSM spectrum mask and thus without increasing the adjacent channel interference, as shown in Figure 3.
The gains are in the same order as those of turbo codes, or even larger. A preliminary conclusion is therefore that the system level gains in the order of 30% shown previously for 16QAM+turbo codes can be achieved with this alternative method.

Note that the gains from turbo codes and the gains from a new transmit pulse shape are likely additive. Therefore, it can be considered to have an option of turbo codes in addition to the higher order modulation with new transmit pulse shape.

5 Conclusion

An RRC transmit pulse has been evaluated for 16QAM. Gains are shown that are in the order of 1.5 dB in an interference limited scenario and 2.5-3 dB in a sensitivity limited scenario. These gains are in the same order as those of turbo codes, or even larger. A preliminary conclusion is therefore that the system level gains in the order of 30% shown previously for 16QAM+turbo codes can be achieved or even increased with this alternative method. When a RRC pulse is used, the spectrum mask of GSM will still be fulfilled if the single sided pulse bandwidth is 80 kHz.
If turbo codes are used in addition to this, further system level gains will be achieved.
It is proposed to capture the findings above in the feasibility study for GERAN evolution ‎[2].
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