3GPP TSG RAN WG1 Meeting #46bis                                                R1-062713
Seoul, Korea, October 9 – 13, 2006

(Original R1-061204)

Source:
NTT DoCoMo, Fujitsu, LG Electronics, NEC, Panasonic, Sharp, 

Toshiba Corporation
Title:
Investigations on Adaptive Control of Roll-off Factor for DFT-Spread OFDM Based SC-FDMA in E-UTRA Uplink

Agenda Item:

6.3.1, 6.3.4
Document for:
Discussion and Decision
1. Introduction

Single-carrier (SC)-FDMA based on DFT-Spread OFDM is a current working assumption in E-UTRA uplink, since it achieves a high degree of commonality in parameter design with OFDM-based radio access in the downlink. It was shown that a roll-off pulse shaping filter is effective in increasing the achievable throughput considering the cubic metric (CM) in DFT-Spread OFDM particularly for 16QAM modulation [1]. Moreover, adaptive control of the roll-off factor value according to, for example, the modulation scheme or transmission bandwidth was proposed in [2] and [3]. This paper investigates the effectiveness of employing adaptive roll-off factor control of the spectrum shaping filter in DFT-Spread OFDM radio access using the criterion of the maximum achievable throughput considering the CM.

2. Simulation Conditions

Figure 1 shows a transmitter block diagram for DFT-Spread OFDM radio access with a spectrum shaping filter in the frequency domain [4].
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Figure 1 – Transmitter block diagram for DFT-Spread OFDM with spectrum shaping filter

The qualitative effects of the spectrum shaping filter are described below. 

· Reduction in the required received signal energy per bit-to-noise power spectrum density ratio (Eb/N0) focusing on the in-band desired signal

As we indicated in [4], the peak-to-average power ratio (PAPR) and CM are reduced by increasing the roll-off factor value of the spectrum shaping filter. However, the effective data rate, i.e., transmission bandwidth, is decreased. This means that the resultant optimum roll-off factor value is decided based on the trade-off relationship between the reduction in the CM and the achievable frequency efficiency associated with the channel coding gain focusing on the in-band desired signal.

· Reduction in the required received Eb/N0 focusing on inter-carrier interference

When there are frequency drift and received timing errors that exceed the cyclic prefix (CP) length among simultaneous accessing UEs, inter-carrier interference occurs. In this case, influence due to inter-carrier interference from an adjacent channel is suppressed further according to the increase in the roll-off factor value. 

The overall effect of the spectrum shaping filter is decided based on the above-mentioned two factors considering the gain for the in-band desired signal and suppression of the inter-carrier interference.
Figure 2 shows the method for adaptive roll-off factor control according to the modulation scheme and transmission bandwidth. According to the increase in the roll-off factor value, the adjacent leakage signal power is reduced at the cost of a decrease in the effective transmission bandwidth. Thus, the usage of a large roll-off factor value is beneficial to 16QAM modulation and to the case when the transmission bandwidth of the adjacent channel is narrow. 
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Figure 2 – Concept for adaptive roll-off factor control
3. Simulation Evaluations

Table 1 lists the simulation parameters assumed in this paper, which are based on the approved parameters given in [5]. The transmission bandwidth is set to 5 MHz. One sub-frame length is 0.5 msec, including six long blocks for data transmission with the block size of 66.67 sec and two short blocks for reference signal transmission with the block size of 33.33 sec. A CP with the length of 4.04 sec is appended to each block. The sub-carrier spacing for the long and short blocks are 15 kHz (1 / 66.67 [/sec]) and 30 kHz (1 / 33.33 [/sec]), respectively. 

At the transmitter, we employ spectrum shaping filtering between DFT and IFFT using frequency domain processing as shown in Fig. 1. We use the raised-cosine time domain window function with the windowing length of 3.13 sec. We assume four simultaneous accessing UEs with the transmission bandwidth per UE of 1.25 MHz and with a localized FDMA transmission. At the receiver, we apply two-branch antenna diversity reception. We also assume ideal FFT timing detection and ideal channel estimation in this evaluation. We employ a frequency domain equalizer employing the linear minimum mean square error (LMMSE) algorithm. We assume the Typical Urban channel model.
Table 1 – Simulation parameters
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Figure 3 plots the throughput performance as a function of the average received signal energy per symbol-to-noise power spectrum density ratio (Es/N0) including the CM value when adaptive modulation and coding (AMC) is used. In AMC, we used the following modulation and coding schemes (MCSs): QPSK (R = 1/3, 1/2, 2/3, 3/4, 4/5) and 16QAM (R = 1/3, 1/2, 2/3, 3/4). In the adaptive roll-off factor control, we set the roll-off factor value to  = 0.16 for 16QAM with R = 2/3 and 3/4, and  = 0.0 for the other MCSs based on the optimization results for the respective MCSs. We also plot the throughput employing the fixed roll-off factors of  = 0.0 and 0.16 for all MCSs. In these cases, the number of sub-carriers per long block per UE is 76 and 66 for  = 0.0 and 0.16, respectively. Furthermore, the CM value is 1.06 (1.83) and 0.62 (1.59) dB with QPSK (16QAM) modulation for  = 0.0 and 0.16, respectively. It is assumed that the frequency drift is F = 200 Hz. Let T be the difference in the received timing among simultaneous accessing UEs due to the difference in the propagation delays according to the locations of UEs. We set T = 6 sec (corresponding to the propagation delay with the cell radius of approximately 1 km). Moreover, the residual average received power difference among simultaneous accessing UEs is set to P = 6 dB.

Figure 3 shows that when the average received Es/N0 including the CM is less than approximately 12 dB, the roll-off factor of  = 0.0 exhibits higher throughput than that of  = 0.16.  This is because even though the CM is reduced by increasing the  value from 0.0 to 0.16, the degradation in throughput due to a decreasing effective data rate exceeds the gain obtained by the reduction in the CM. We observe, however, that the throughput with  = 0.16 becomes slightly higher than that with  = 0.0 in the high average received Es/N0 region using 16QAM modulation with R = 2/3 and 3/4 when F = 200 Hz,T = 6 sec, and P = 6 dB. This is because the large  value can decrease the inter-carrier (multiuser) interference from/to the adjacent channels. However, for a shared data channel, since the received timing among simultaneous accessing UEs is synchronized using the timing alignment techniques, it is expected that the improvement in the throughput performance by using the spectrum shaping filtering is small even for 16QAM modulation with a high channel coding rate.

As mentioned above, the throughput performance with a large  value is increased compared to that with  = 0 when the gain obtained by the reduction in the CM with the spectrum shaping filter exceeds the additional channel coding gain associated with the greater frequency efficiency without the spectrum shaping filter provided that the inter-carrier interference from/to the adjacent channels is negligible. Therefore, in general, the effect of spectrum shaping filtering is maximized when a very low channel coding rate or simple spreading is used since the additional coding gain is saturated in this situation. This situation occurs for cell edge UEs in a very large cell. However, when we employ QPSK data modulation, the difference in the CM value between the  value of 0.0 and 0.16 is 0.44 dB; meanwhile, the difference in the frequency efficiency is 0.36 dB. Therefore, the expected maximum gain by using the spectrum shaping filtering with  = 0.16 is only 0.08 dB.
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Figure 3 – Throughput performance using adaptive roll-off factor control
Consequently, we derived the following conclusions regarding the influence of the roll-off factor value in the spectrum shaping filter on the MCS.

· Although the use of a roll-off factor value greater than 0.0 decreases the CM, the throughput is not increased due to a decreasing effective data rate except for 16QAM with a high channel coding rate.

· A roll-off factor value greater than 0.0 such as 0.16 slightly improves the throughput compared to that for  = 0.0 for 16QAM modulation with a high coding rate such as R = 2/3 and 3/4 only when there is inter-carrier interference from/to the adjacent channels (F = 200 Hz,T = 6 sec, and P = 6 dB).

Therefore, we conclude that the merit for employing a roll-off factor value greater than zero providing a low CM value is small. Subsequently, spectrum shaping with a roll-off factor of greater than zero is not necessary in cellular environments.

4. Conclusion
This paper investigated the optimum roll-off factor value in the spectrum shaping filter for DFT-Spread OFDM in the E-UTRA uplink. We conclude the following regarding the influence of the roll-off factor value on the MCS.

· Although the use of a roll-off factor value greater than 0.0 decreases the CM, the throughput is not increased due to a decreasing effective data rate except for 16QAM with a high channel coding rate.
· A roll-off factor value greater than 0.0 such as 0.16 slightly improves the throughput compared to that for  = 0.0 for 16QAM modulation with a high coding rate such as R = 2/3 and 3/4 only when there is inter-carrier interference from/to the adjacent channels (F = 200 Hz,T = 6 sec, and P = 6 dB).
Therefore, we conclude that the merit for employing a roll-off factor value greater than zero providing a low CM value is small. Subsequently, spectrum shaping with a roll-off factor of greater than zero is not necessary in cellular environments.
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