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1 Introduction

We have previously presented contributions [1][2] investigating the performance gains achievable by the introduction of Turbo coding and higher order modulation into GERAN standardization within the framework of the GERAN Evolution activity for Release 7. Comments were received with regard to how the considered modulation/coding schemes (MCSs) will perform under thermal noise limited environments.
This contribution provides additional information to the Intel contribution [1] presented at GERAN#27.
2 Performance Characterisation
Although different modulation and coding schemes (MCS) are typically compared on a scale of Eb/No, this does not give a clear indication of what will be the relative performance under thermal noise limited conditions when different MCSs are transmitted at the same power. Also, in the case that the transmitter is operating at close to maximum power, there will be a different backoff for each modulation scheme.
2.1 BLER for Sensitivity Limited Case (TU3iFH)

The MCSs used here were detailed in [1]. For convenience, they are repeated in the Appendix to this contribution.

Figures 1 to 7 show the performance of the selected coding schemes as a function of received power. It has been assumed that the receiver has a constant noise figure of 7dB. Other parameters and impairments are as described in [1].

2.2 Throughput Performance Gain

This section presents the performance gain as a function of received signal power, of a number of different logical channel sets. It is assumed that there is ideal Link Adaptation. The throughput of a logical channel combination is approximated as:


Throughput = (1-BLER) * DataPayloadPerBlock * BlockPerSecond

The logical channel configuration combinations used are shown in Table 1. Figure 8 and Figure 9 show the absolute throughput and throughput gain for the TU3iFH channel scenario.

If the transmitter is operating at close to maximum output power, a different backoff is needed in order to maintain EVM for the different modulations. As per [2], backoffs of 4.3dB and 6.3dB are used for 8PSK and 16QAM respectively for the graphs that include the impact of transmitter backoff. The resulting throughput and throughput gain graphs are shown in Figure 10 and Figure 11. For these graphs, the Power (dBm) scale shows the power received for a non-backed off (i.e. GMSK) signal. In building the hull curves, the 8PSK and 16QAM performance have been shifted to account for the reduced output power from the transmitter.
It can be seen that the improvement from the Turbo coding extends down to a receive power of about -102dBm for the configurations tested, in the case that there is transmitter backoff. 

Table 1: Configurations Used for Throughput Graphs

	Scheme A
	Scheme B
	Scheme C


	MCS-5
	MCS-5
	MCS-5-T8

	MCS-6
	MCS-6
	MCS-6-T8-16QAM

	MCS-7
	MCS-7-16QAM
	MCS-7-T8-16QAM

	MCS-8
	MCS-8-16QAM
	MCS-8-T8-16QAM

	MCS-9
	MCS-9-16QAM
	MCS-9-T8-16QAM

	
	
	MCS-10-T8-16QAM

	
	
	MCS-11-T8-16QAM


3 Conclusions

In this contribution, simulation results have been presented that show the performance improvement of MCS Turbo combinations relative to EGPRS, in thermal noise limited cases, as a function of receive power. It has been observed that, taking into account the effect of transmitter power backoff for different modulation schemes, throughput improvements of around 20% can be achieved across the cell.
It may be possible to achieve further improvements at the cell edge by using Turbo/8PSK configurations at data rates equivalent to the current GMSK MCS1-4 schemes.
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Figure 1: TU3iFH Sensitivity Performance (MCS-5)

[image: image2.emf]-106 -104 -102 -100 -98 -96 -94 -92

10

-3

10

-2

10

-1

10

0

Power dBm

BLER

MCS-6

MCS-6-16QAM

MCS-6-T4-16QAM

MCS-6-T8-16QAM


Figure 2: TU3iFH Sensitivity Performance (MCS-6)
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Figure 3: TU3iFH Sensitivity Performance (MCS-7)
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Figure 4: TU3iFH Sensitivity Performance (MCS-8)
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Figure 5: TU3iFH Sensitivity Performance (MCS-9)
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Figure 6: TU3iFH Sensitivity Performance (MCS-10 16-QAM)
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Figure 7: TU3iFH Sensitivity Performance (MCS-11 16-QAM)
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Figure 8: Throughput for TU3iFH Sensitivity
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Figure 9: Throughput Gain for TU3iFH Sensitivity
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Figure 10: Throughput for TU3iFH Sensitivity, with backoff
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Figure 11: Throughput Gain for TU3iFH Sensitivity, with backoff
APPENDIX
The tables in this appendix are provided for reference from [1].
Table 2: Modulation and Coding Configurations

	Modulation and Coding Scheme
	Data  Block Length (bits)
	Coding
	Data Code Rate
	Interleaving Depth
	Data Rate   (per 200kHz channel)

	MCS-5
	450
	Conv
	0.37
	4
	22.5

	MCS-5-T4
	450
	Turbo
	0.37
	4
	22.5

	MCS-5-T8
	900
	Turbo
	0.37
	8
	22.5

	MCS-6
	594
	Conv
	0.49
	4
	29.7

	MCS-6-T4
	594
	Turbo
	0.49
	4
	29.7

	MCS-6-T8
	594*2
	Turbo
	0.49
	8
	29.7

	MCS-7
	450*2
	Conv
	0.76
	2
	45.0

	MCS-7-T4
	900
	Turbo
	0.76
	4
	45.0

	MCS-7-T8
	1800
	Turbo
	0.76
	8
	45.0

	MCS-8
	546*2
	Conv
	0.92
	2
	54.6

	MCS-8-T4
	1092
	Turbo
	0.92
	4
	54.6

	MCS-8-T8
	2184
	Turbo
	0.92
	8
	54.6

	MCS-9
	594*2
	Conv
	1
	2
	59.4


Table 3: Modulation and Coding Configurations – with 16QAM

	Modulation and Coding Scheme
	Data  Block Length (bits)
	Coding
	Data Code Rate
	Interleaving Depth
	Data Rate   (per 200kHz channel)

	MCS-6-16QAM
	594
	Conv
	0.37
	4
	29.7

	MCS-6-T4-16QAM
	594
	Turbo
	0.37
	4
	29.7

	MCS-6-T8-16QAM
	594*2
	Turbo
	0.37
	8
	29.7

	MCS-7-16QAM
	450*2
	Conv
	0.57
	2
	45.0

	MCS-7-T4-16QAM
	900
	Turbo
	0.57
	4
	45.0

	MCS-7-T8-16QAM
	1800
	Turbo
	0.57
	8
	45.0

	MCS-8-16QAM
	546*2
	Conv
	0.69
	2
	54.6

	MCS-8-T4-16QAM
	1092
	Turbo
	0.69
	4
	54.6

	MCS-8-T8-16QAM
	2184
	Turbo
	0.69
	8
	54.6

	MCS-9-T4-16QAM
	1188
	Turbo
	0.75
	4
	59.4

	MCS-9-T8-16QAM
	2376
	Turbo
	0.75
	8
	59.4

	MCS-10-T4-16QAM
	1400
	Turbo
	0.89
	4
	70.0

	MCS-10-T8-16QAM
	2800
	Turbo
	0.89
	8
	70.0

	MCS-11-T4-16QAM
	1500
	Turbo
	0.95
	4
	75.0

	MCS-11-T8-16QAM
	3000
	Turbo
	0.95
	8
	75.0
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