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[only modified clause]
8.4.3.8
16QAM with Alternative Transmit Pulse Shaping
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 subclauses, root-raised cosine (RRC) pulses are evaluated.

8.4.3.8.1
Link Performance

Link simulations have been run to evaluate the performance of different RRC Tx pulses.

8.4.3.8.1.1
Simulation Conditions

The simulation assumptions are summarised in table 56.

Table 56: Simulation parameters
	Parameter
	Value

	Modulation/coding scheme
	MCS8-16QAM

	Channel
	TU3 iFH (co-channel)

TU50 noFH (sensitivity)

	Tx and Rx pulse shaping filter
	RRC, rolloff=0.3, rectangular window, length=51 symbols

	RRC Tx and RX pulse single sided 3 dB-bandwidth
	110 kHz

120 kHz

135 kHz

	
	

	
	


	Tx impairments
	None

	Rx impairments
	Phase noise: 1.0 deg. RMS

I/Q amplitude gain imbalance: 0.2 dB 
I/Q phase imbalance: 1.5 deg
Frequency error: 25 Hz

DC offset: -40 dBc

	Backoff
	Not included

	Simulation length
	10 000 bursts per simulation point


8.4.3.8.1.2
Simulation Results

Figure 145 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. The interferer is a legacy GMSK modulated signal. 
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Figure 145: 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 146 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 146: Sensitivity performance for MCS8-16QAM with different Tx pulse shaping filters
and Rx filters. The filter bandwidths shown in the plots are single sided
8.4.3.8.2
Spectrum

Figure 147 shows the spectrum of 16QAM with different Tx pulse shaping filters. It can be seen that the RRC pulse with 110 kHz ssb bandwidth fulfils the GSM spectrum mask.
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Figure 147: Spectrum of 16QAM with linearised GMSK pulse and different RRC pulses
The 8PSK spectrum mask for MS [8] is also shown
8.4.3.8.3
Discussion

Figure 145 shows that a RRC Tx pulse with a SSB bandwidth of 135 kHz gives gains of 1.5 dB in a co-channel interference limited scenario. Figure 146 shows that the gain in a sensitivity limited scenario is 2.5 dB for the same Tx pulse.  With a narrower RRC Tx pulse, the gain is reduced. A pulse with a SSB bandwidth of  110 kHz gives a loss of 1 dB in the co-channel scenario but a sensitivity gain of 0.5 dB.
The gains with a wide RRC Tx pulse 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 (i.e., higher order modulation combined with a wider Tx pulse).

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.
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