3GPP TSG RAN1#43                                                
R1-051405 
Seoul, Korea, November 7th-11th, 2005
Source: 
RITT, CATT

Title:
Offset DFT-Spread OFDM for the Evolved UTRA Uplink

Agenda Item:
8.1

Document for:
Discussion and Decision
[image: image78.wmf])

(

~

n

x


1. Introduction

Single-carrier transmission (SC-FDMA) has been proposed 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. With cyclic prefix in the DFT-spread OFDM, uplink inter-user orthogonality can be achieved and efficient frequency-domain equalization is enabled at the receiver side. 

To achieve further reduction of the PAPR of the DFT-spread OFDM signal, pulse shaping implemented in the frequency domain and PAPR-reducing modulation were suggested [2] [3]. The frequency domain pulse shaping also allows improved spectrum performance of the transmitted signal. For this reason, the shaping is also known as spectrum shaping. Since good spectrum performance also rely on the time windowing in the DFT-spread OFDM, we refer to it as pulse shaping in this paper. The DFT-spread OFDM with pulse shaping can achieve almost the same performance in PAPR as the conventional time-domain single-carrier realization with the same roll-off factor. In this paper, we present an offset DFT-spread OFDM, which has comparable PAPR performance as conventional single-carrier signal with offset QAM.  This leads to a significant PAPR reduction over the DFT-spread OFDM.     

2. Offset DFT-Spread OFDM 

2.1. Transmitter structure
Figure 1 shows the transmitter structure of the offset DFT-spread OFDM. The transmitted modulation symbol stream generated by encoder, interleaving and modulation symbol mapping is passed through S/P converter, generating a complex vector sequence 
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 with the size doubled. An extended DFT is performed on the real vectors 
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, generating complex-valued vectors 
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. Latter on, pulse shaping and subcarrier mapping are performed followed by inverse DFT operation, P/S conversion, CP insertion and possible time windowing, generating the transmitted signal. Compared with the DFT-spread OFDM, the differences of the offset version rely in the input vector generation of the DFT, the style of the DFT, and the pulse shaping approach. The details are described separately in the subsequent subsections. 
It is worth to mention that the generated signal is characterized by “circular offset” in the sense that the Q branch is circularly shifted half a symbol time vs. the I branch provided that the generated signal is a “lowpass” signal. From the subsequent descriptions, one can observe that the mapping from the complex-valued vectors 
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 to the complex-valued vectors 
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 can be seen as an orthogonal transform just as that in the DFT-spread OFDM. Therefore, there exists no impact on the error rate performance in the receiver. 

[image: image9]
Figure 1. Transmitter structure of the offset DFT-spread OFDM.
2.2. Input vector of the extended DFT 
Let 
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 be the input modulation symbol sequence of the S/P converter. The output vectors can be expressed as 
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, where 
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 is the number of the elements in each vector. In the DFT-spread OFDM, 
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 serves as the input vector of the DFT. Here, in the offset DFT-spread OFDM, the complex-valued vector 
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 are the real and imaginary parts respectively. The input vector 
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Figure 2 illustrates the input vector generation of the extended DFT, where Re(.) and Im(.) represent the operations of taking the real and imaginary parts respectively.

[image: image21]
Figure 2. The input vector generation of the extended DFT.
2.3. Extended DFT and its fast implementation
In the DFT-spread OFDM, 
[image: image22.wmf]b

N

-point DFT is performed on the 
[image: image23.wmf]b

N

-element complex-valued vector 
[image: image24.wmf])

(

n

d

. In the offset DFT-spread OFDM, the input vectors 
[image: image25.wmf])

(

n

d

 are of 
[image: image26.wmf]b

N

2

 real elements, and an extended DFT is performed, yielding the 
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 denotes the diagonal matrix with the diagonal elements included in the bracket. One can employ a fast Fourier transform (FFT) algorithm to calculate 
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 is a power of 2 and the radix-2 FFT algorithm is used, the number of the needed complex multiplications for the implementation is 
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where 
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 reverse identity matrix respectively.  When the Wang’s fast DCT and DST algorithms are used [4], the number of the needed real multiplications for the implementation is 
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. Therefore, the implementation cost can be reduced with eq.(3). Figure 3 illustrates the DCT and DST based implementation of the extended DFT.
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Figure 3.   The DCT and DST based implementation of the extended DFT, where 
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2.4. Pulse shaping in the frequency domain 

In the DFT-spread OFDM, pulse shaping can be performed in the frequency domain to improve the PAPR and spectrum performances. A periodic extension of the DFT coefficients should be performed to get the additional inputs for the increased subcarriers, and pulse shaping is conducted by simply weighting the subcarrier inputs. The weighting function can be a square root raised cosine function with dedicated roll-off factor decided from the tradeoff relation of the PAPR and spectrum efficiency. The frequency domain pulse shaping can also be performed in the offset DFT-spread OFDM for the same purpose. Here, the periodic extension should be replaced by a conjugate symmetric one, which is described as follows.

Let 
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 represents the number of the subcarriers occupied by one user, where round(.) is the round operator. Let 
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where
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where the superscript 
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 represents conjugate operation. Let 
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where
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 denotes the element-wise multiplication, i.e., the weighting operation. Then the frequency domain pulse shaped vector 
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Figure 4 illustrates the frequency domain pulse shaping, where Conj(.) represents the operation of taking the conjugate.

[image: image72]
Figure 4. The pulse shaping in the frequency domain.  

3. Simulation Evaluations

The PAPR performance of the offset DFT-spread OFDM was evaluated by simulation compared with the DFT-spread OFDM and conventional single-carrier transmission with QAM and offset QAM. Figure 5 and Figure 6 show the simulation results of the PAPR performance measured by CCDF, where the parameters are set to be 

· IDFT size: 
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From the simulation results, we can see that while the DFT-spread OFDM has nearly the same PAPR performance as the conventional single-carrier transmission with QAM, the offset DFT-spread OFDM does as the conventional single-carrier transmission with offset QAM. With the proposed offset version, about one dB gains can be achieved over the DFT-spread OFDM for the QPSK and 16 QAM. 
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Figure 5. The PAPR performance of the offset DFT-spread OFDM compared with DFT-spread OFDM and conventional single-carrier transmission, where the roll-off factor is 0.14. 
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Figure 6. The PAPR performance of the offset DFT-spread OFDM compared with DFT-spread OFDM and conventional single-carrier transmission, where the roll-off factor is 0.22. 
4. Conclusion

This contribution proposed an offset DFT-spread OFDM as SC-FDMA realization in the Evolved UTRA uplink. In the proposed scheme, an extended DFT is performed on the reorganized input vectors with real elements instead of the DFT on the complex-valued vectors, and the extended DFT can be efficiently implemented via fast DCT and DST. Correspondingly, the frequency domain pulse shaping should conduct conjugate symmetric extension instead of the periodic one in the DFT-spread OFDM. Simulation results show that the proposed offset DFT-spread OFDM has significant improvement in PAPR performance over the DFT-spread OFDM.  Therefore, it is proposed that the offset DFT-spread OFDM should be considered as alternative and improved realization of the SC-FDMA in the Evolved UTRA uplink. 
The current TR Section 9.1.1.6, it is suggested that the offset modulation schemes may be considered for DFT-S-OFDM for further reducing the PAPR. The actual implementation of this approach is a basic modulation followed by the offset DFT-S-OFDM introduced above. Hence the following text change is proposed for the TR.

5. Text Proposal (Section 9.1.1.6 in 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.

The PAPR reducing modulation approach is actually implemented with a basic modulation followed by the offset DFT-spread OFDM. In the offset DFT-spread OFDM, an extended DFT is performed on the re-organized input vectors with real elements, which can be efficiently implemented via fast discrete cosine transform (DCT) and discrete sine transform (DST). Correspondingly, the conjugate symmetric extension should be applied in the frequency domain pulse shaping.
-------------------------------------- End of Text Proposal  ---------------------------------------------
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