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Blind Modulation Detection Performance for HOT
1 Introduction
The HOT (Higher Order modulation and Turbo codes) Work Item has been proposed as a method for improving throughput and spectral efficiency for GERAN Release 7 ‎[2]. A concern was raised that the blind modulation detection performance for an additional 2 modulations has not been evaluated, and may degrade performance of current EGPRS and of presented results for higher order modulations included in HOT.
The HOT work item proposes 2 new modulations, 16QAM and 32QAM. In this contribution, we evaluate the performance impact of modulation detection that is required to distinguish between GMSK, 8PSK, 16QAM and 32QAM modulations in a received radio block.

2 Blind Modulation Detection
The training sequences for 8PSK modulation in EDGE were selected to be rotated versions of the original GMSK training sequences. For GMSK, the rotation was π/2 between symbols. For 8PSK, it was selected to be 3π/8.
The principle is extended for 16QAM and 32QAM, with different rotations used as shown in Table 1.
Table 1: Rotation Angles for Different Modulation Constellations

	Modulation
	Rotation (rad)

	GMSK
	π/2

	8PSK
	3π/8

	16QAM
	π/4

	32QAM
	-π/4


It will be seen in the results section that incorrect modulation selection increases as the SNR or C/I decreases. But also the quality of the data from the equalizer decreases. An incorrect modulation selection will lead to a performance loss only if the output of the equalizer would have contributed to the decoding phase. As we will see, there are cases that the blind detection actually improves slightly, presumably by effectively erasing bad bursts by incorrect modulation selection.

3 Simulation Configuration
The results shown are for the simulation configuration described in Chapter 8, Implementation D in ‎[2].
Results are presented for the following channel conditions:

1. Sensitivity: TU50iFH, HT100nH

2. Co-Channel: Tu3iFH, TU50iFH

4 Performance Results
The results given in the Annex show the performance of the selected logical channels at 10% BLER. The relative performance for the cases when the modulation is known and when blind modulation detection is used in the presence of 4 possible modulations: GMSK, 8PSK, 16QAM and 32QAM.
A comparison of the BLER performance for the case of known modulation, and blind modulation detection is shown for different cases in Figure 1 to Figure 16 in the Annex to this contribution. Also shown on each graph is the modulation detection error curve.
5 Discussion
The loss due to blind modulation is insignificant, being no more than 0.1dB in all cases. As is seen in the performance graphs, the modulation detection is far more robust than the data decoding, even when considering 4 modulations, rather than 2 in EGPRS. There are even some cases that the BLER is improved relative to the known modulation case.

For the known modulation case, the results of the equalizer are passed on to the decoder even if the signal conditions are very poor. For the case of blind modulation detection, very poor conditions may cause an error in modulation selection. Assuming that the correct modulation is ultimately selected for the whole block, this would lead to erasure of the data from the burst with the wrong modulation selection, potentially improving the BLER performance of the blind demodulation case.
6 Conclusion
Blind modulation detection does not degrade performance of HOT.

It is proposed to include the results in the Technical Report for GERAN Evolution, by agreement of the accompanying CR ‎[1].
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Annex A Detailed performance results
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Figure 1: MCS1, Co-channel, TU3iFH
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Figure 2: MCS5, Co-channel, TU3iFH
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Figure 3: MCS7-T4-16QAM, Co-channel, TU3iFH
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Figure 4: MCS7-T4-32QAM, Co-channel, TU3iFH
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Figure 5: MCS1, Co-channel, TU50iFH
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Figure 6: MCS5, Co-channel, TU50iFH
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Figure 7: MCS7-T4-16QAM, Co-channel, TU50iFH
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Figure 8: MCS7-T4-32QAM, Co-channel, TU50iFH
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Figure 9: MCS1, Sensitivity, TU50iFH
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Figure 10: MCS5, Sensitivity, TU50iFH
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Figure 11: MCS7-T4-16QAM, Sensitivity, TU50iFH
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Figure 12: MCS7-T4-32QAM, Sensitivity, TU50iFH
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Figure 13: MCS1, Sensitivity, HT100iFH
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Figure 14: MCS5, Sensitivity, HT100iFH
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Figure 15: MCS7-T4-16QAM, Sensitivity, HT100iFH
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Figure 16: MCS7-T4-32QAM, Sensitivity, HT100iFH
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