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1. Introduction
Single-carrier transmission with FDMA (SC-FDMA) has been widely accepted for the E-UTRA uplink transmission scheme, which allows improved power efficiency and improved coverage owing to the low peak-to-average power ratio (PAPR) feature [1]. DFT-spread OFDM has also been proposed as frequency-domain generation of the signal. In [2], we proposed offset DFT-spread OFDM, which shows the same PAPR performance as the single carrier with offset modulation. 

In this contribution, we present a new implementation structure of the offset DFT-spread OFDM, which holds only a little additional complexity compared with the DFT-spread OFDM. The new structure can well coexist with the DFT-spread OFDM by sharing the same DFT component. We then discuss a class of generalized raised-cosine (GRC) filters for pulse shaping in the frequency domain, yielding an improvement of the CM/PAPR performance for both the DFT-spread OFDM and the offset DFT-spread OFDM. The parameter of the pulse shaping filter is optimized for CM reduction. In addition, simulation results verify that the offset DFT-spread OFDM have the same spectrum and BER performance as the DFT-spread OFDM.

2. Offset DFT-spread OFDM
The new transmitter structure of offset DFT-spread OFDM is illustrated in figure 1. We define the parameters as follows.
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The generation of the offset DFT-spread OFDM signals are in the following steps.

(1). Pre-modulation (PM): 
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(2). DFT: 
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(3). Frequency domain shifting (FDS): 
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, where the superscript 
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 represents conjugate operation, 
[image: image19.wmf])

...,

,

,

(

5

.

0

5

.

1

5

.

0

-

=

b

b

b

b

N

N

N

N

w

w

w

diag

Γ

, and 
[image: image20.wmf]J

 is the inverse identity matrix.

(4). Signal extension and frequency domain pulse shaping: According to a certain roll-off factor
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, a frequency domain pulse shaping filter is applied after the conjugate symmetric extension of signals.

(5). Sub-carriers mapping, inverse DFT, CP insertion and possible time windowing: as description in [2] [3].

As shown in figure 1, the additional operations of the offset DFT-spread OFDM compared with the DFT-spread OFDM lie in pre-modulation (PM) and post-processing referred to as frequency domain shifting (FDS). And the periodic extension of signals in the DFT-spread OFDM is replaced by a conjugate symmetric one in the offset DFT-spread OFDM. Considering the conjugate symmetry of the vector 
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. This additional complexity is marginal compared with the total complexity of the (offset) DFT-spread OFDM.
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Figure 1. Transmit structure of the (offset) DFT-spread OFDM.

3. Generalized Raised-Cosine (GRC) Filters in the Frequency Domain

In the (offset) DFT-spread OFDM systems, pulse shaping filters in the frequency domain can be used to reduce the PAPR. The square root raise-cosine (RRC) filter is the most popular one for its inter-symbol interference (ISI) free property in the AWGN channel. In this paper, we introduce a family of generalized root raised-cosine (GRRC) filters as pulse shaping filter in the frequency domain, which also satisfy the ISI-free condition. As described in [4], the GRRC filters can be divided into two classes: convex GRRC filters and concave GRRC filters. Their discrete-frequency expressions are
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where 
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 is the multiplicative factor, and 
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From eq. (1) and (2), it is clear that GRRC filters are square roots of generalized raised-cosine (GRC) filters. Figure 2 (a) and (b) show the frequency responses of the convex and concave GRC filters respectively. It is obvious that the conventional raised-cosine filter is a special case of the convex GRC filters with parameter
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 is not equivalent to the conventional raised-cosine filter.

In this contribution, the optimal parameter 
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 of GRRC filters are searched by simulation in a certain set to minimize the CM value for both the offset DFT-spread OFDM and the DFT-spread OFDM with various roll-off factors.
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Figure 2. Convex and concave generalized raised-cosine spectra for d=0.9, 1.0, 2.0.

4. Simulation Evaluations

4.1. Simulation configurations

The CM/PAPR performance, spectrum and BER performance of the offset DFT-spread OFDM are evaluated and compared with the DFT-spread OFDM through simulations. Table 1 gives the system parameters. Table 2 gives relationship between the roll-off factor 
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 and the number of sub-carriers.
Table 1 - System Parameters.

	Radio access
	Single-carrier for uplink

	System bandwidth
	5 MHz

	Sub-frame length
	0.5 msec (6 long block, 2 short block)

	Long block size
	512 samples

	Short block size
	256 samples

	Cyclic prefix duration
	31x7 39x1 samples

	Modulation
	QPSK, 16QAM


Table2 - Roll-off Factors and Correspondent Number of Sub-carriers

	Roll-off factor
	0.14
	0.22
	0.35
	0.5

	Number of sub-carriers
	272
	256
	230
	206


4.2. Cubic metric optimization

For the cubic metric (CM) optimization, the set of parameter 
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 searched is given in Table 3. Table 4 shows the optimized CM performance and the corresponding 99.9% PAPR of the DFT-spread OFDM and offset DFT-spread OFDM with GRRC filters and various roll-off factors. The performance of those with conventional RRC filters is also presented.

Table 3 - The Set of Simulated 
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	Filters type
	Set of parameter 
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	Convex GRRC
	0.6, 0.7, 0.8, 0.9, 1.0, 2.0, 3.0, 4.0, 5.0, 10.0

	Concave GRRC
	0.6, 0.7, 0.8, 0.9, 1.0, 2.0, 3.0, 4.0, 5.0, 10.0


From the simulation results, we can conclude that

· Compared with the conventional RRC filter, the GRRC filters can improve the CM and 99.9% PAPR performance of both the DFT-spread OFDM and offset DFT-spread OFDM signals.

· In the DFT-spread OFDM, the improvement of the CM performance with GRRC over that with conventional RRC is indistinctive as the roll-off factor increases, while the improvement becomes distinctive in the offset version.

· With a small roll-off factor, the offset DFT-spread OFDM and the DFT-spread OFDM show similar CM performance, while the offset DFT-spread OFDM markedly outperforms the DFT-spread OFDM in the corresponding 99.9% PAPR.

· With a large roll-off factor, the offset DFT-spread OFDM markedly outperforms the DFT-spread OFDM in the CM performance, while they show similar performance in the corresponding 99.9% PAPR.

Table 4 - Simulation Results of CM Optimization

	Transmitter

Mode
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	Modulation

Type
	RRC Filter
	Filters with CM Optimization

	
	
	
	CM
	99.9%

PAPR
	Filter

Type
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	CM
	99.9%

PAPR

	DFT-S-OFDM
	0.14
	QPSK
	0.6726
	4.9977
	1
	0.8
	0.5657
	4.6892

	
	
	16QAM
	1.6141
	5.9529
	2
	0.8
	1.5616
	5.7406

	
	0.22
	QPSK
	0.4993
	4.5029
	2
	0.9
	0.3827
	4.0265

	
	
	16QAM
	1.5275
	5.6402
	2
	1.0
	1.4870
	5.3531

	
	0.35
	QPSK
	0.2866
	3.6134
	2
	2.0
	0.2212
	3.1523

	
	
	16QAM
	1.4502
	5.1373
	1
	4.0
	1.4467
	4.9874

	
	0.5
	QPSK
	0.1525
	2.9423
	1
	1.0
	0.1525
	2.9423

	
	
	16QAM
	1.4482
	4.9099
	1
	0.9
	1.4381
	4.9478

	Offset

DFT-S-OFDM
	0.14
	QPSK
	0.6974
	4.4197
	2
	0.8
	0.5841
	4.2208

	
	
	16QAM
	1.6145
	5.8309
	2
	0.8
	1.5504
	5.6851

	
	0.22
	QPSK
	0.5154
	3.9801
	2
	0.8
	0.3623
	3.8029

	
	
	16QAM
	1.5103
	5.5809
	2
	0.8
	1.4284
	5.3823

	
	0.35
	QPSK
	0.2458
	3.3274
	2
	0.9
	0.0725
	3.2732

	
	
	16QAM
	1.3684
	5.1884
	2
	1.0
	1.2894
	4.9807

	
	0.5
	QPSK
	-0.0323
	2.7631
	2
	1.0
	-0.1948
	2.8741

	
	
	16QAM
	1.2335
	4.7627
	2
	10.0
	1.1853
	4.6201


Note:

· "1" represents Convex GRRC filters, and "2" Concave GRRC filters.

· Blue colour show that for the given roll-off factor and modulation type, the CM or PAPR value of the current transmitter mode is superior to that of the other.

4.3. Frequency Spectrum 

Figure 3 shows the frequency spectrum of both the offset DFT-spread OFDM and the DFT-spread OFDM with GRRC filters and the roll-off factor 
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 is selected to minimize the CM value for QPSK modulation. The slight difference shown in figure 3 comes from the different values of the parameter 
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. We can conclude that the offset DFT-spread OFDM has almost the same frequency spectrum as the DFT-spread OFDM. Both of them can satisfy the UMTS spectrum mask.
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Figure 3. Frequency spectrum for 
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4.4. BER Performance

Table 5 shows the parameters for BER simulation. Figure 4 shows the BER performance of the offset DFT-spread OFDM compared with the DFT-spread OFDM. We can conclude that they have the same BER performance.
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Figure 5. BER performance comparison of offset DFT-spread OFDM and DFT-spread OFDM

Table 5 - The Parameters for BER Simulation

	Radio access
	DFT/Offset DFT-spread OFDM

	Number of User
	1

	FEC
	Rate 1/2 Turbo encoding

	Roll-off factor
	0.22

	Simulation duration
	10000 TTIs

	Channel
	TU with 6 paths

	Doppler rate
	222.22Hz (120km/h @ 2.0GHz)

	Channel estimation
	Ideal

	TTI interleaving
	R99 2nd interleaver

	HARQ
	No

	Number of receive antennas
	2


5. Conclusion 

This contribution has proposed a new implementation structure for the offset DFT-spread OFDM and employed a class of generalized root raised-cosine filters in the frequency domain for both the offset DFT-spread OFDM system and the DFT-spread OFDM system. The optimal parameter 
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 is determined to minimize the CM value. The CM/PAPR performance, spectrum and BER performance of the offset DFT-spread OFDM have evaluated and compared with the DFT-spread OFDM through simulations. We can conclude that

· The offset DFT-spread OFDM can be implemented under the framework of the DFT-spread OFDM with additional marginal complexity.

· The offset DFT-spread OFDM holds comparable or superior CM/PAPR performance to the DFT-spread OFDM.

· The offset DFT-spread OFDM and the DFT-spread OFDM have the same frequency spectrum and BER performance.

· Generalized root raised-cosine (GRRC) filters can improve the CM/PAPR performance for both the offset DFT-spread OFDM and the DFT-spread OFDM.

Therefore, it is proposed that the offset DFT-spread OFDM should be considered as an alternative/complimentary realization of the SC-FDMA in the Evolved UTRA uplink. 
Text Proposal

We propose that following text is added in Section 9.1 of TR 25.814

--------------------------Start of Text Proposal--------------------------------------------------

9.1.1.6
Peak-to-Average Power Ratio (PAPR) Reduction

Single-carrier transmission allows for further PAPR reduction, e.g., through the use of PAPR-reducing modulation or coding schemes, clipping, spectral filtering, etc.
For example, modifications to the basic modulation schemes in section 9.1.1, such as per-symbol phase rotations ((/4-QPSK, (/2-BPSK) and I/Q-offsetting (offset-QPSK, offset-QAM), should be considered.
The PAPR reducing modulation approach is actually implemented with a basic modulation followed by the offset DFT-spread OFDM transmission, which is implemented under the framework of the DFT-spread OFDM with minor changes. Offset DFT-spread OFDM can achieve much lower CM when spectral shaping filtering with relatively large roll-off factors.

The CM performance can be further improved by optimizing the spectral filtering using Generalized root raised-cosine (GRRC) filters for (offset) DFT-spread OFDM.
--------------------------End of Text Proposal----------------------------------------------------
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