3GPP TSG GERAN #26

Tdoc GP-052144

Schaumburg, USA

Agenda item 7.1.5.5 
August 29th – September 2nd, 2005

Source: Ericsson



Updates for New Modulation Schemes section of the Technical Report on Future GERAN Evolution 

1 Introduction

In this document information is presented to answer some of the questions and requests that were raised at GERAN #25.

2 Performance characterisation

In the feasibility study report for Future GERAN Evolution, four cases are studied. These are summarised in the table below.

	
	Case A (EGPRS)
	Case B
	Case C
	Case D

	Coding scheme
	Modulation
	Rate
	Modulation
	Rate
	Modulation
	Rate
	Modulation
	Rate

	MCS1
	GMSK
	8.8
	GMSK
	8.8
	GMSK
	8.8
	GMSK
	8.8

	MCS2
	GMSK
	11.2
	GMSK
	11.2
	GMSK
	11.2
	GMSK
	11.2

	MCS3
	GMSK
	14.8
	GMSK
	14.8
	GMSK
	14.8
	GMSK
	14.8

	MCS4
	GMSK
	17.6
	GMSK
	17.6
	GMSK
	17.6
	GMSK
	17.6

	MCS5
	8PSK
	22.4
	8PSK
	22.4
	8PSK
	22.4
	8PSK
	22.4

	MCS6
	8PSK
	29.6
	8PSK
	29.6
	8PSK
	29.6
	8PSK
	29.6

	MCS7
	8PSK
	44.8
	8PSK
	44.8
	8PSK
	44.8
	8PSK
	44.8

	MCS8
	8PSK
	54.4
	16QAM
	54.4
	16QAM
	54.4
	16QAM
	54.4

	MCS9
	8PSK
	59.2
	16QAM
	59.2
	16QAM
	59.2
	16QAM
	59.2

	MCS10
	-
	-
	-
	-
	32QAM
	67.2
	32QAM
	67.2

	MCS11
	-
	-
	-
	-
	-
	-
	32QAM
	79.2


The throughput of case A-D (also presented in the feasibility study report) is shown the figure below. Note that the rightmost parts of the curves (the thin part of the curves) are extrapolated. Simulation results for this region need to be provided. This is for further study.
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Figure 1. Throughput versus C/I for case A, B, C and D.

2.1 System performance

The CDF of C/I presented by TeliaSonera in GP-050285 indicates very few occurrences of C/I above 22 dB. This would indicate little use of MCS-9 in such an environment, but this is not the case in reality. Probably this is due to limited reporting capability of the measuring device for high C/I. The Telia measurements are based on measuring equipment optimised for good accuracy in the C/I range less than 20 dB. The accuracy above 20 dB is lower and probably the equipment does not distinguish between 25 and 30 dB C/I. To find a CDF describing the real situation better, a CDF from simulations of a similar 3/9 frequency reuse scenario with approximately the same mean C/I value is used. The table below summarises the system parameters:

	Parameter
	Value
	Unit

	Reuse
	3/9
	

	Frequency spectrum
	7.2
	MHz

	Frequencies per cell
	4
	

	Blocking limit
	2%
	

	Traffic
	Speech
	

	DTX
	No
	

	Cell radius
	500
	m

	Power control
	No
	

	Log-normal fading standard deviation
	8 dB
	


The resulting CDF is shown in figure 1 below. To be able to map link throughput curves to this C/I mapping, the effects of fast fading are not included in the C/I distribution (since fast fading is modeled in the link level simulations).
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Figure 2. C/I distribution in a 3/9 reuse, excluding effects of fast fading.

Mapping the link results in Figure 1 on this CDF results in the estimated throughput CDF shown in Figure 3 (note that since Figure 1 is extrapolated above 30 dB, the throughput distribution for the 13% best users is preliminary in Figure 3):
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Figure 3. Throughput distribution in a 3/9 reuse.

The throughput gain for case B, C and D (relative to case A, EGPRS) is shown in the figure below.
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Figure 4. Relative gain distribution.

3 Receiver complexity

The complexity of the equaliser has been further studied. In the results previously shown, a DFSE receiver with fairly high complexity was used. In the results below, a 4-state RSSE receiver has been used. The complexity of the 16QAM RSSE is just 20% higher than a conventional 8-PSK receiver.

MCS-9 has been simulated on a TU3 channel with ideal frequency hopping at 900 MHz. Receiver impairments were included while transmitter impairments were not. These simulations were run with a (/4 rotation per symbol of the 16QAM constellation, which will reduce the peak-to-average (PAR) ratio to 5.3 dB. This should be compared to the PAR of 3.3 dB for 8PSK with 3(/8 rotation and the PAR of 16QAM without rotation of 6 dB.

In Figure 5 it is shown that the loss is less than 0.5 dB.
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Figure 5. Performance of 16QAM receivers.

4 Conclusion

New results have been presented showing the throughput gain in a network with 3/9 reuse. Significant gains have been shown for a large fraction of the users in the network. Also, the receiver complexity issue has been addressed. It is shown that a 16QAM receiver can be implemented with only small losses compared to the ideal case and with only a minor complexity increase of 20% compared to a conventional 8PSK receiver.

It is proposed to update the feasibility study report to reflect these findings.
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