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1 Introduction

SC-FDMA has been recognized as one of the uplink radio access schemes for evolved UTRA/UTRAN [1]. As a solution of the SC-FDMA, DFT-S-OFDM inherits several attractive features to meet the basic requirements of the E-UTRA uplink transmission, such as low PAPR and fine time-frequency domain granularity [2]. The DFT-S-OFDM achieves flexible radio resource allocation through distributed, localized, and clustered sub-carrier allocation. Compared with the schemes with localized and clustered sub-carrier allocation patterns, the scheme with distributed pattern can achieve higher frequency diversity. However, as illustrated in contribution [3], the scheme with distributed pattern suffers more performance loss with real channel estimation due to the fact that it can not exploit channel correlation in the frequency-domain.
Besides the DFT-S-OFDM, we proposed another solution of the SC-FDMA, namely DFT-S-GMC in previous RAN1 meetings [4-10].  Like the DFT-S-OFDM, the DFT-S-GMC also applies DFT for spreading, and sub-carriers of OFDM to exploit FDMA, thus it maintains all advantages of the SC-FDMA. The major difference between the DFT-S-GMC and the DFT-S-OFDM is that the DFT-S-GMC exploits polyphase filters to shape each sub-carrier, which causes the spectrum of each sub-carrier to roll off faster than that of the DFT-S-OFDM, thus enlarges the gap between the adjacent sub-carriers. With this property, the DFT-S-GMC scheme becomes more robust to the multi-user interference (MUI) caused by the carrier frequency offset than that of the DFT-S-OFDM. 
In previous RAN1 meetings, we illustrated several important features of the DFT-S-GMC [4-10], e.g. robustness to MUI, moderate spectrum efficiency, and low PAPR, etc. Moreover, the DFT-S-GMC scheme supports both distributed and localized sub-band allocation to achieve both high frequency diversity and channel-dependent scheduling. In addition, the DFT-S-GMC with both of the sub-band allocation patterns can exploit channel correlation in the frequency-domain for real channel estimation.
In contribution R1-051385 of the Seoul meeting, some BER/BLER performances have been shown for the DFT-S-GMC with perfect channel estimation. In this contribution, we will present some initial simulation results with real channel estimation.
2 DFT-S-GMC
2.1 Sub-frame structure

Figure 1 shows the sub-frame structure for the E-UTRA uplink simulation.
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Figure 1  Sub-frame format

Figure 1 shows the sub-frame structure for the uplink of the DFT-S-GMC scheme, which is identical to the sub-frame structure used by the E-UTRA SC-FDMA uplink [1].
2.2 Pilot block generation method

   The pilot block of the DFT-S-GMC is time-division-multiplexed with the data block of the DFT-S-GMC, as shown in Figure 2. 
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Figure 2  Multiplexing method of data block and pilot block of DFT-S-GMC.
   The pilot blocks of the DFT-S-GMC are generated by IFFT, as shown in Figure 3.
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Figure 3  Generation of DFT-S-GMC pilot block.
2.3 Pilot pattern for sub-band channel estimation
· Pilot pattern for localized sub-band allocation
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Figure 4  Pilot pattern for localized sub-band allocation
· Pilot pattern for distributed sub-band allocation
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Figure 5  Pilot pattern for distributed sub-band allocation
2.4 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


3 Simulation results
3.1 Simulation specification

· Carrier bandwidth: 5MHz
· Cluster/sub-band mapping: Localized/distributed
· # of used sub-bands: 4
· Modulation: 16QAM
· Channel coding: Turbo-1/2
· Equalization: MMSE
· # of antennas: 1Tx/2Rx
· Channel: PB/3km/h, VA/120km/h
· Channel estimation: Wiener frequency interpolation, linear time interpolation 
· RepF: 5 
· Pilot: CAZAC sequence
· Pilot power burst: 0dB
Note: RepF is the repetition factor, i.e. the number of sub-bands between the adjacent used sub-bands for the distributed sub-band allocation.
3.2 BLER performance
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	Figure 6  BLER performance over PB 3km/h channel
	Figure 7  BLER performance over VA 120km/h channel


As shown in Figure 6-7, it could be found that
· Compared with the perfect channel estimation, the performance loss due to the real channel estimation is about 1dB for both the distributed and the localized sub-band allocations over both the PB 3km/h and the VA 120km/h channels.
4 Conclusions

In this contribution, the BLER performance of the DFT-S-GMC with the real channel estimation is presented. As illustrated by simulation results, the performance loss due to the real channel estimation is about 1dB for both the distributed and the localized sub-band allocations over both the PB 3km/h and the VA 120km/h channels.
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