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1 Introduction

SC-FDMA has been approved as the uplink radio access scheme for evolved UTRA/UTRAN [1]. As a practical solution of SC-FDMA, DFT-S-GMC (DFT Spreaded GMC) based on GMC (Generalized Multi-Carrier) transmission technique has several attractive features to meet the requirements of E-UTRA basic uplink transmission [2-3], e.g. robustness to carrier frequency offset between uplink UEs, low PAR/CM, and supporting both distributed and localized sub-band allocation to achieve both high frequency diversity and channel dependent scheduling. In this contribution, the bandwidth efficiency of DFT-S-GMC is analyzed.
2 BW efficiency of DFT-S-GMC system
Sub-frame structure
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Figure 1 Sub-frame format

Figure 1 shows the sub-frame structure for uplink DFT-S-GMC scheme, which is identical to the sub-frame structure used by E-UTRA SC-FDMA uplink [1].
DFT-S-GMC System parameters

Table 1 shows the parameters for uplink simulation
Table 1 system parameters for DFT-S-GMC
	Parameter
	Carrier Bandwidth (MHz)

	
	20
	15
	10
	5
	2.5
	1.25

	Frame duration (ms)
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	Sampling rate: M/N x 3.84MHz
	8/1
	6/1
	4/1
	2/1
	1/1
	1/2

	Sampling frequency (MHz)
	30.72
	23.04
	15.36
	7.68
	3.84
	1.92

	Sample duration (us)
	0.0326
	0.0434
	0.0651
	0.1302
	0.2604
	0.5208

	# of Sub-bands
	128
	96
	64
	32
	16
	8

	# of used Sub-bands
	80
	60
	40
	20
	10
	5

	# of virtual Sub-bands
	48
	36
	24
	12
	6
	3

	Upsampling rate:
	144
	108
	72
	36
	18
	9

	Sub-band BW (kHz)
	240
	240
	240
	240
	240
	240

	Sub-band 3dB-BW (kHz)
	213.3
	213.3
	213.3
	213.3
	213.3
	213.3

	Occupied BW (MHz)
	19.2
	14.4
	9.6
	4.8
	2.4
	1.2

	BW Efficiency (%)
	85.3
	85.3
	85.3
	85.3
	85.3
	85.3

	# of symbols in Long block
	14
	14
	14
	14
	14
	14

	TTI length (samples)
	15360
	11520
	7680
	3840
	1920
	960

	Long block length (us/samples)
	66.67/2048
	66.67/1536
	66.67/1024
	66.67/512
	66.67/256
	66.67/128

	Short block length (us/samples)
	33.33/1024
	33.33/768
	33.33/512
	33.33/256
	33.33/128
	33.33/64

	FFT size for FDE
	2016
	1512
	1008
	504
	252
	126

	First CP length (us/samples)
	4.39/135
	4.47/103
	4.62/71
	5.08/39
	5.99/23
	7.81/15

	CP length (us/samples)
	4.13/127
	4.12/95
	4.1/63
	4.04/31
	3.91/15
	3.65/7

	(CP+Ramp)/TTI (%)
	8.13
	8.13
	8.13
	8.13
	8.13
	8.13


BW efficiency calculation of DFT-S-GMC
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Where
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For example:

Let 
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According to Table 1
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Then
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3 Conclusion

In this document, the BW efficiency of DFT-S-GMC is analyzed.  It is shown that the BW efficiency of DFT-S-GMC is compromise between DFT-S-OFDM and IFDMA. Since there is no extra overhead except for CP guard interval in the time domain, the overall BW efficiency is in fact comparable with DFT-S-OFDM in practice.
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