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1. Introduction
At the RAN1 adhoc meeting (Sophia Antipolis), a joint contribution on a radio access concept was proposed [1]. In the contribution, a single-carrier based radio access scheme was proposed because it is very advantageous in supporting wide-area coverage in cellular systems owing to low peak-to-average power ratio (PAPR) features. This contribution investigates the optimum roll-off factor from the viewpoints of the PAPR and out-of-band emission in the DFT-spread OFDM employing a pulse shaping filter (PSF) in the frequency domain in the Evolved UTRA uplink.

2. DFT-Spread OFDM with Pulse Shaping Filter (PSF) in Frequency Domain

We assume single-carrier FDMA radio access in the uplink and OFDM based radio access in the downlink [2]. In this case, DFT-spread OFDM in the frequency domain processing is more promising than the IFDMA approach in the time domain processing because of the following points.

· The same radio parameters as those in OFDMA access are used such as the maximum sampling frequency and sub-carrier spacing (minimum frequency granularity).

· More efficient spectrum utilization (bandwidth efficiency) is possible. That is to say, the signal bandwidth efficiency in Option 1 is approximately 81.9%, while that in Option 2 is approximately 90 %.

Figure 1 illustrates the transmitter block diagram of the original DFT-spread OFDM. We first define the parameters as follows.

· NTX : DFT size 

· NIFFT: IFFT size

· Nsub: Number of sub-carriers

· R: Symbol rate of coded data sequence

· Ns : Sampling clock frequency of IFFT (=7.68 MHz for 5-MHz transmission bandwidth)

· fsub: Sub-carrier spacing

The operations of DFT-spread OFDM are as follows.

· The clock frequency of the IFFT, Ns, is identical to that of OFDMA based access in the downlink. 

· The sub-carrier spacing, fsub, is Ns / NIFFT and is also identical to that of OFDMA based access in the downlink.

· In the original DFT-spread OFDM, Nsub equals NTX.

· Assuming the number of chunks Nchunk = the total transmission bandwidth / chunk bandwidth, and Nused is the number of assigned chunks, the following relation is maintained in the localized FDMA case
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     Where, NTX,MAX denotes the NTX value for full bandwidth transmission.

· Assuming the number of chunks Nchunk = the total transmission bandwidth / chunk bandwidth, Nused is the number of assigned chunks, and CRF is the number of the set of comb-shape spectrums,  the following relation is maintained in the localized FDMA case 
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Figure 1 – Transmitter structure of the original DFT-spread OFDM

The mapping relations between FFT and IFFT for the localized FDMA and distributed FDMA are given in Figs. 2(a) and 2(b), respectively. As shown in the figures, the zero signals are embedded at the IFFT input for the frequency components where no FFT outputs are input. Thus, DFT-spread OFDM corresponds to pulse shaping using the raised cosine Nyquist filter with the roll-off factor of 0. Accordingly, DFT-spread OFDM accompanies a high PAPR. Then, the difference in IFDMA or DFT-spread OFDM means the use of a roll-off factor of greater than 0 or equal to 0 from the viewpoint of the pulse shaping filtering. Furthermore, by changing the correspondence between the FFT output and the IFFT input as shown in the figure, the bandwidth of each frequency component and its center frequency are changed. Thus, both a localized FDMA signal and distributed FDMA (comb-shape spectrum) can be produced in the same configuration by changing the parameters.
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(a) Localize FDMA                   (b) Distributed FDMA

Figure 2 – Mapping relations between FFT and IFFT for localized and distributed FDMA

Low PAPR is a very important feature in proposing single-carrier based FDMA radio access in the uplink with prioritization of the provision of wide area coverage. We consider that the roll-off factor of 0 is necessary in order to reduce high PAPR in the DFT-spread OFDM. Therefore, our proposal is DFT-spread OFDM employing a pulse shaping filter (PSF) between the FFT and IFFT using the frequency domain processing as shown in Fig. 3. To the structure described in [3], we add spectrum-shaping filtering according to the transmission bandwidth in the frequency domain between the FFT and IFFT.
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Figure 3 – Transmitter structure of DFT-spread OFDM with pulse shaping filter in frequency domain

In the end, the optimum pulse shaping, i.e., roll-off factor, is decided from the tradeoff relation of the PAPR and spectrum efficiency. 
3. Simulation Evaluations
3.1. Simulation parameters
Table 1 gives the simulation parameters. These follow the conditions agreed upon in [4]. The channel bandwidth is set to 5 MHz.

Table 1 – Simulation Parameters
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3.2. Roll-off factors
We decided the near maximum roll-off factors for the respective transmission bandwidths, so that the UMTS spectrum mask is satisfied.  Figure 4 indicates the frequency spectrum using the near maximum roll-off factor, , to satisfy the out-of-band emissions based on the UMTS spectrum requirement. We decided the roll-off factor, , for the respective transmission bandwidths as shown in Table 2.
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Figure 4 – Frequency spectrum for each transmission bandwidth

Table 2 – Roll-Off Factors in Respective Transmission Bandwidth

[image: image8.emf]0.22 0.14 0.06 0 Roll-off factor

256 272 288 296 Number of sub-carriers

76.8 % 81.6 % 86.4 % 88.8 % Bandwidth efficiency

3.84 MHz 4.08 MHz 4.32 MHz 4.44 MHz Transmission bandwidth

0.22 0.14 0.06 0 Roll-off factor

256 272 288 296 Number of sub-carriers

76.8 % 81.6 % 86.4 % 88.8 % Bandwidth efficiency

3.84 MHz 4.08 MHz 4.32 MHz 4.44 MHz Transmission bandwidth


3.3. PAPR and cubic metric
Figures 5(a) and 5(b) show the complementary cumulative distribution function (CCDF) of the PAPR with the roll-off factor (transmission bandwidth) as a parameter for QPSK and 16QAM modulation, respectively. These figures show that compared to the original DFT-spread OFDM ( = 0.0), PAPR at the CCDF of 10-4 by increasing the roll-off factor to  = 0.14 is decreased by approximately 1.5 and 1.0 dB for QPSK and 16QAM modulation, respectively. Table 3 lists the cubic metric (CM) with the roll-off factor (transmission bandwidth) as a parameter for QPSK and 16QAM modulation. We find that the CM with  = 0.14 is reduced by approximately 0.4 and 0.23 dB for QPSK and 16QAM modulation, respectively, compared to the case with  = 0.0.  Therefore, we see that the roll-off pulse shaping with approximately  = 0.14 is beneficial in reducing the high PAPR of the original DFT-spread OFDM. 

[image: image9.emf]10

-5

10

-4

10

-3

10

-2

10

-1

10

0

0 2 4 6 8 10 12

4.44 MHz, 



 = 0.0

4.32 MHz, 



 = 0.06

4.08 MHz, 



 = 0.14

3.84 MHz, 



 = 0.22

CCDF

PAPR (dB)

   [image: image10.emf]10

-5

10

-4

10

-3

10

-2

10

-1

10

0

0 2 4 6 8 10 12

4.44 MHz, 



 = 0.0

4.32 MHz, 



 = 0.06

4.08 MHz, 



 = 0.14

3.84 MHz, 



 = 0.22

CCDF

PAPR (dB)


(a) QPSK                                                                (b) 16QAM

Figure 5 – CCDF of PAPR for each transmission bandwidth

Table 3 – Cubic Metric for Each Transmission Bandwidth
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3.4. Inter-carrier Interference 
We investigate the influence of roll-off factor on the inter-carrier interference from the viewpoint of received signal-to-interference power ratio (SIR). Here, interference power only include interference from simultaneous transmitting users at the target cell (noise and other cell interference are not included). We assume 4 simultaneous users employing localized or distributed FDMA with equal data rate within the 5 MHz bandwidth. First, Figure 6 shows the received SIR as a function of the frequency offset between users with roll-off factor as a parameter. We assumed same received signal power for all users in this figure. Therefore, when the received signal power of the other users are  dB higher than that of the target user, the achievable SIR becomes  dB lower than that is shown in the figure. Furthermore, in the evaluation, the instantaneous multipath fading remains. Then, the vertical axis means received SIR over one sub-frame duration. We see from Fig. 6 that naturally the distributed FDMA is more fragile for frequency offset than localized FDMA due to narrow sub-carrier spacing. According to increase of  value, the inter-carrier interference is reduced for localized FDMA. When frequency offset is 0.5 kHz for example, the achievable SIR with  = 0.14 0.06, and 0 are approximately 42.5 dB, 41 dB, and 38 dB. Considering that the received signal power of other user may be vary due to different path loss, shadowing, and fast fading, we can see the benefit of the introduction of the roll-off filtering in DFT-spread OFDM. The required received SIR values at the average packet error rate (PER) of 10-1 for QPSK and 16QAM associated Turbo code with coding rate of 1/2 are approximately 2.5 and 11 dB, respectively. Therefore, we see with  = 0.14, the required SIR increase for average PER of 10-2 due to the presence of the inter-carrier interference is slight for two data modulation when the residual frequency offset is within 0.5 kHz. 

Finally, Figure 7 shows the received SIR as a function of the remaining timing offset among simultaneous users. Obviously, when the timing offset exceeds cyclic prefix (CP) length, the SIR is suddenly decreased particularly for distributed FDMA. It is seen by increasing  value from 0 to 0.14, the received SIR when the timing offset exceeds CP length is increased by approximately 5 dB for localized FDMA. In the evaluations, we didn’t consider the background noise component. Thus, when the noise is included, the difference between localized and distributed FDMA may be small.
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Figure 6 – Received SIR as a function of frequency offset among users
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Figure 7 - Received SIR as a function of the timing offset among users

4. Conclusion

This contribution proposed DFT-spread OFDM with pulse shaping filter in the frequency domain as single-carrier FDMA radio access in the Evolved UTRA uplink. In the proposed scheme, we investigate the influence of roll-off factor from the viewpoints of PAPR, CM, and inter-carrier interference. Simulation results are as follows. 

· CM with  = 0.14 is reduced by approximately 0.4 and 0.23 dB fro QPSK and 16QAM modulation, respectively, compared to the case with  = 0.0.  

· We see with the influence of roll-off factor on the inter-carrier interference is small when the residual frequency offset is within 0.5 kHz.

· It is seen by increasing  value from 0 to 0.14, the received SIR when the timing offset exceeds CP length is increased by approximately 5 dB for localized FDMA.

In conclusion, we see that the roll-off pulse shaping with approximately  = 0.14 is beneficial to reducing the high PAPR and inter-carrier interference of the original DFT-spread OFDM. 

5. Text Proposal (Section 9.1.1 in TR 25.814)

We propose that following text is added in Section 9.1.1 of TR 25.814.

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

9.1.1 Basic transmission scheme

DFT-spread OFDM is advantageous as radio access in the Evolved UTRA uplink, since it has high commonality to OFDM-based radio access in the downlink. However, since the peak-to-average power ratio (PAPR) of the original DFT-spread OFDM is high, pulse shaping filter is necessary. Therefore, DFT-spread OFDM with pulse shaping filter in the frequency domain should be investigated as single-carrier FDMA radio access in the Evolved UTRA uplink. From the tradeoff relation between the spectrum efficiency and PAPR reduction, the near optimum roll-off factor is approximately 0.14.
--------------------------------- End of Text Proposal  -----------------------------------------------------
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