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1. Introduction

With the introduction of the EDGE radio interface, GSM radio links will employ a second modulation method, 8-PSK, in addition to the existing method, GMSK. The distribution of radio link modulations in GSM networks if of interest for the design of advanced receivers because the performance depends on the modulation of the carrier and interfering signals.

Current SAIC receiver algorithms are generally optimized for GMSK modulated signals. With the introduction of EDGE there will be present both GMSK and 8-PSK modulated signals in GSM networks. This is a challenge since the gains of SAIC tend to be smaller for 8-PSK modulated signals than for GMSK modulated signals. Thus the presence of 8-PSK traffic in GSM networks is expected to have a negative effect on SAIC gains. However, the proportion of 8-PSK traffic in GSM networks will tend to be small.

It is therefore of interest to study the distribution of GMSK and 8-PSK modulated signals in a typical GMS network. Our results confirm that the proportion of 8-PSK traffic is small and that the introduction of EDGE is therefore not likely to significantly reduce the network capacity gains provided by SAIC.

2. Simulation assumptions

The simulation scenario was based on Network Configuration 3 (2.4 MHz bandwidth with 12 hopping frequencies). Two mixed traffic scenarios were analyzed. The first scenario consisted of 70 % speech, 15 % GPRS HTTP file transfers and 15 % EGPRS FTP file transfers. The second consisted of 50 % speech, 25 % GPRS Web/HTTP file transfers and 25 % EGPRS FTP file transfers. Only the downlink traffic was simulated, and multislot class 3+1 was used. An FTP/MMS traffic model was used for the FTP file transfers, and all the files were 120 kbytes in size. The Web browsing traffic model used in this study is described in reference [1]. The speech traffic used DTX and the AMR 5.9 codec. A speech call was regarded as successful when its average downlink frame error rate was 2 % or less. Call dropping was not taken into account, since it was not relevant to this study. Other simulation parameters included the following: A downlink power control algorithm based on RxQual/RxLev was employed for speech [2], whereas no power control was applied to GPRS. Link adaptation with coding schemes CS1 and CS2 was employed. A 65-degree antenna pattern was used. Only the hopping layer was simulated. The official GERAN interference model was applied to the link level part of these simulations.

3. Results of the network simulations

The results of the simulations are shown in Table 1 and Figures 3-10. There are four different carrier and dominant interferer modulation combinations: GMSK-GMSK, GMSK-8PSK, 8PSK-GMSK, 8PSK-8PSK. Table 1 shows the distribution of these modulation combinations when the effective frequency load is 32 % (corresponding to a maximum number of mobile terminals of 1500 in the first scenario and 20000 in the second scenario). These results are shown also in graphical format in Figure 1. The complete set of results is given in Appendix A (Figures 3-6), which show the relative frequency of occurrence of the modulation combinations as a function of network load. Figures 7-10 give the corresponding carrier-to-dominant interferer ratios. In the figures, the notation 75-15-15 stands for the first scenario and 50-25-25 stands for the second scenario.

	Modulation combination (carrier and dominant interferer)
	Frequency of occurrence
	Carrier-to-dominant interferer ratio (dB)
	Frequency of occurrence
	Carrier-to-dominant interferer ratio (dB)

	
	70-15-15
	50-25-25

	GMSK-GSMK
	85.7 %
	17.5
	73.0 %
	17.1 %

	GMSK-8PSK
	7.5 %
	15.7
	12.8 %
	18.1 %

	8PSK-GMSK
	5.8 %
	13.3
	10.9 %
	16.0 %

	8PSK-8PSK
	1.0 %
	27.0
	3.7 %
	23.9 %


Table 1. Distribution of carrier and dominant interferer modulations.
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Figure 1. Frequency of occurrence of carrier and dominant
interferer modulation combinations.
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Figure 2. Carrier-to-dominant interferer ratio as a function of
modulation combination

Appendix A shows the results for each case as a function of load.

4. Conclusions

Simulation results (with a typical network configuration and with a traffic mix that can be anticipated to be a reality within 1-2 years) show that GMSK-optimized SAIC/ARP receivers will not suffer too much from the 8-PSK bursts in the network. In the typical scenario studied here (70 % speech, 15 % GPRS HTTP traffic and 15 % EGPRS FTP traffic), 85.7 % of the received bursts were such that both the wanted signal and the dominant interferer used GMSK modulation. Only 7.5 % of the GMSK bursts were hit by an 8-PSK dominant interferer and only 1% of the collisions were pure 8-PSK cases.

Even with a higher EGPRS penetration (25 %), the pure GMSK bursts represent over 70 % of all the cases and the pure 8-PSK bursts less than 4 %.
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APPENDIX A: Distributions as a function of load.
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Figure 3. Frequency of occurrence of the GMSK-GMSK combination of carrier and dominant interferer modulations.
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Figure 4. Frequency of occurrence of the GMSK-8PSK combination of carrier and dominant interferer modulations.
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Figure 5. Frequency of occurrence of the 8PSK-GMSK combination of carrier and dominant interferer modulations.
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Figure 6. Frequency of occurrence of the 8PSK-8PSK combination of carrier and dominant interferer modulations.
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Figure 7. Carrier-to-dominant-interferer ratio in the GMSK-GMSK modulation combination case.
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Figure 8. Carrier-to-dominant-interferer ratio in the GMSK-8PSK modulation combination case.
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Figure 9. Carrier-to-dominant-interferer ratio in the 8PSK-GMSK modulation combination case.
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Figure 10. Carrier-to-dominant-interferer ratio in the 8PSK-8PSK modulation combination case.








