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1 Introduction

SC-FDMA is under discussion as strong candidates for the uplink radio access scheme in evolved UTRA/UTRAN [1]. Single carrier provides low-PAPR concept which can be realized either in time or frequency domain. The frequency domain implementation is widely called as DFT-S-OFDM [2]. At recent RAN WG1 meetings, we proposed DFT-S-GMC (DFT Spreaded GMC) based on GMC (Generalized Multi-Carrier) transmission technique for E-UTRA systems which can also meet the requirements of low-PAPR for basic uplink transmission [3-4]. Another significant advantage of DFT-S-GMC is the robustness to the time-frequency synchronization error and multi-users interference. In this contribution, we compare the performance of DFT-S-GMC and DFT-S-OFDM in the fields most concerned.

2 Simulation results
Figure 1 and Table 1-3 show the frame structure and parameters for E-UTRA uplink simulation.
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Figure 1 Sub-frame format

Table 1 general system parameters for DFT-S-GMC
	“Transmission bandwidth”
(MHz)
	Sub-frame duration
(ms)
	Long block size
((s/symbols)
	Short block size
((s/symbols)
	CP duration
((s/symbols)


	20
	0.5
	52.67/1024
	26.34/512
	(5.42/104) ( 1,

(4.58/88) ( 9

	10
	0.5
	52.67/512
	26.34/256
	(5.42/52) ( 1,

(4.58/44) ( 9

	5
	0.5
	52.67/256
	26.34/128
	(5.42/26) ( 1,

(4.58/22) ( 9

	2.5
	0.5


	52.67/128
	26.34/64
	(5.42/13) ( 1,

(4.58/11) ( 9

	1.25
	0.5
	52.67/64
	26.34/32
	(9.17/11) ( 1,

(4.17/5) ( 9


Table 2 detail system parameters for DFT-S-GMC

	Parameter
	Carrier Bandwidth (MHz)

	
	20
	10
	5
	2.5
	1.25

	Frame duration (ms)
	0.5
	0.5
	0.5
	0.5
	0.5

	Sampling rate: M/N x 3.84MHz
	5/1
	5/2
	5/4
	5/8
	5/16

	Sampling frequency (MHz)
	19.2
	9.6
	4.8
	2.4
	1.2

	Sample duration (us)
	0.0521
	0.1042
	0.2083
	0.4167
	0.8333

	# of Sub-bands
	64
	32
	16
	8
	4

	# of used Sub-bands
	64
	32
	16
	8
	4

	Up sampling rate:
	72
	36
	18
	9
	5

	Sub-band BW (kHz)
	300
	300
	300
	300
	300

	Sub-band 3dB-BW (kHz)
	266.67
	266.67
	266.67
	266.67
	240

	Occupied BW (MHz)
	19.2
	9.6
	4.8
	2.4
	1.2

	BW Efficiency (%)
	85.33%
	85.33%
	85.33%
	85.33%
	76.8%

	# of symbols in Long block
	14
	14
	14
	14
	14

	TTI length (samples)
	9600
	4800
	2400
	1200
	600

	Long block length (samples/us)
	1024/

52.67
	512/

52.67
	256/

52.67
	128/

52.67
	64/

52.67

	Short block length (samples/us)
	512/

26.34
	256/

26.34
	128/

26.34
	64/

26.34
	32/

26.34

	First CP length (samples/us)
	104/5.42
	52/5.42
	26/5.42
	13/5.42
	11/9.17

	CP length (samples/us)
	88/4.58
	44/4.58
	22/4.58
	11/4.58
	5/4.17

	CP/TTI (%)
	9.33%
	9.33%
	9.33%
	9.33%
	9.33%


Table 3 simulation parameters of system DFT-S-GMC and DFT-S-OFDM

	Parameters
	DFT-S-GMC
	DFT-S-OFDM

	System bandwidth
	5 MHz
	5 MHz

	Sampling rate
	4.8 MHz
	7.68 MHz

	Sub-band/sub-carrier bandwidth
	300 KHz
	15 KHz


PAPR performance


[image: image2]
Figure 2 PAPR with QPSK, roll-off factor = 0.20       




Figure 3 PAPR with 16QAM, roll-off factor = 0.20

[image: image3]
Figure 4 PAPR with QPSK, roll-off factor = 0.30




 

Figure 5 PAPR with 16QAM, roll-factor = 0.30

From the above performance curves, it could be found that,

· With the increased roll-off factor from 0.20 to 0.30, the PAR is decreased from less than 5dB to less than 4dB at the price of decreased bandwidth efficiency

· The PAR of DFT-S-GMC approaches to that of SC, which is usually a desired feature in practice

Synchronization performance


[image: image4]
Figure 6 BER sensitivity to MUI over AWGN                                       Figure 7 BER sensitivity to MUI over PB channel
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Figure 8 BER sensitivity to carrier offset over AWGN
The offset carrier frequency introduced in figure 6 and 7 is fixed 2KHz, and the number of simultaneous terminals is 1U or 3U, i.e. one user or 3 users, which for the latter are neighbouring in spectrum. 

From the simulated results, it could be found that

· DFT-S-GMC is not so sensitive to MUI caused by different carrier offsets between uplink terminals

· DFT-S-OFDM-D, although being the best in perfect sync. case, is very sensitive to MUI, having an error floor in BER performance

· DFT-S-OFDM-L, however, is almost insensitive to MUI, despite that it is not as good as that of DFT-S-GMC in BER performance

· Particularly, DFT-S-GMC has much smaller ICI than DFT-S-OFDM when carrier offset arises

 BER performance


[image: image6]
Figure 9 BER over AWGN channel, perfect sync




          Figure 10 BER over PB channel, perfect sync

[image: image7]
Figure 11 BER over AWGN channel, perfect sync




      Figure 12 BER over PB channel, perfect sync
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Figure 13 BER over PB channel, perfect sync, 2 RX antennas

From the simulated results, it could be found that if perfect synchronization is assumed,

· Over AWGN channel, DFT-S-GMC has almost the same BER performance as DFT-S-OFDM. So, there is no inherent performance penalty for DFT-S-GMC compared to DFT-S-OFDM

· Over PB channel, the BER performance of DFT-S-GMC is quite close to DFT-S-OFDM-D, but much better than DFT-S-OFDM-L

· Over VA channel, the BER performance of DFT-S-GMC is less than DFT-S-OFDM-D, but still better than DFT-S-OFDM-L

3 Conclusions

Based on the previous mentioned DFT-S-GMC principals, in this contribution, we give the performance comparisons between the DFT-S-GMC and DFT-S-OFDM transmission techniques. To summarize, we draw following conclusions that DFT-S-GMC can:

· Give low PAPR performance even better than DFT-S-OFDM;
· Be more robust against time-frequency synchronization error and Multi-Access Interferences (MAI) than DFT-S-OFDM;

· BER performance is moderate between the DFT-S-OFDM-D and DFT-S-OFDM-L;
· Give good compromise between performance, and be considered as a powerful candidate for EUTRAN UL access scheme.
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