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1 Introduction

This document reports R-OFDM [1] performances in terms of rotation angle and actual channel estimation, considering the simulation assumptions defined in [2] and the downlink reference-signal structure defined in [3].
2 Optimum Rotation Angle
2.1 Simulation Assumptions
Figure 1 depicts the block diagram of R-OFDM with ML-DEM (Maximum Likelihood Demodulator), while Figure 2 does for R-OFDM with MD-DEM (Multi-Dimensional Demodulator) and twin turbo decoder. In those two figures, “A” and “B” mean modulation symbols, and so “X” and “Y” do sub-carrier symbols. Those symbols hold the following relation for two dimensional multiplexing [1].
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Figure 1: R-OFDM with ML-DEM.
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Figure 2: R-OFDM with MD-DEM.

In the same manner, we can expand the rotation dimension to fourth order. Let “C” and “D” be additional modulation symbols, and “Z” and “W” be additional sub-carrier symbols. Then, the relation between them is as follows.
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(3)
Simulation parameters are listed in Table 1.
Table 1: Simulation Parameters
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2.2 Simulation Results
In the simulations, the average 
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 (received symbol energy to noise power density ratio) is fixed to obtain an PER of approximately 1%, and the PER of the R-OFDM is evaluated by changing the rotation angle from 0.0 to 
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. Besides the R-OFDM with MD-DEM, the R-OFDM with ML-DEM is also evaluated. The fixed values of 
[image: image9.wmf]0

s

EN

 for QPSK and 16QAM are listed in Tables 2 and 3, respectively.
Table 2: Setting values of 
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Table 3: Setting values of 
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Figures 3 through 10 are simulation results. In general, it is not necessary to rotate the constellation for low coding rates because the frequency diversity gain due to the channel coding is sufficiently large. On the contrary, the constellation rotation provides the additional frequency diversity gain for high coding rates. The PER performances depends on the rotation angle and thus the best frequency diversity gain can be obtained by setting the rotation angle to the optimum value.

Note that the optimum angle is not sensitive to its propagation channel because sufficiently random sub-carrier allocation relieves the dependence for the propagation channel. Therefore, it can be said that the optimum rotation angle is determined by its modulation method and coding rate.
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Figure 3: PER vs. Rotation Angle for ML-DEM (QPSK R=1/2)
Figure 4: PER vs. Rotation Angle for MD-DEM (QPSK R=1/2)
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Figure 5: PER vs. Rotation Angle for ML-DEM (QPSK R=3/4)
Figure 6: PER vs. Rotation Angle for MD-DEM (QPSK R=3/4)
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Figure 7: PER vs. Rotation Angle for ML-DEM (16QAM R=1/2)

Figure 8: PER vs. Rotation Angle for MD-DEM (16QAM R=1/2)
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Figure 9: PER vs. Rotation Angle for ML-DEM (16QAM R=3/4)
Figure 10: PER vs. Rotation Angle for MD-DEM (16QAM R=3/4)

3 With Actual Channel Estimation
3.1 Simulation Assumptions
In this section, R-OFDM is evaluated with actual channel estimation. Basic configuration is the same as in previous section 2.1, except for actual channel estimation. Pilot symbols appear every six sub-carriers in the 1st OFDM symbol of packet, as shown in Figure 11 [3]. For channel estimation, an averaging and a linear interpolation are adopted with two pilot symbols on time and frequency domain, respectively.
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Figure 11: Pilot Symbol Layout
Table 3: Simulation Parameters
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3.2 Simulation Results

Figures 12 and 13 show the PER performances of QPSK with ideal and actual channel estimations, respectively. By adopting the actual channel estimation instead of the ideal channel estimation, the PER performances of all cases become worse. However, it is found that R-OFDM with Twin Turbo decoding (T2) is still superior to OFDM with conventional Turbo decoding (NT). 

Figure 14 and 15 show the PER performances of 16QAM. As well as in the case of QPSK, the PER performances are drastically deteriorated due to the actual channel estimation, especially for the case of single Rx-antenna with the coding rate of 
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Figure 12: PER performance with QPSK (ideal channel estimation).

[image: image26]
Figure 13: PER performance with QPSK (actual channel estimation).
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Figure 14: PER performance with 16QAM (ideal channel estimation).

[image: image28]
Figure 15: PER performance with 16QAM (actual channel estimation).
4 Conclusion

In this contribution, we presented the performance of R-OFDM in terms of rotation angle and actual channel estimation. It is obvious that the dominant factors for the best rotation angle are modulation scheme and coding rate, though the receiver’s configuration or channel models also affect it very little. For QPSK with 3/4 coding rate, rotation angle of 0.7/4 or around seems appropriate for all configurations in this contribution. The simulation results demonstrated that with actual channel estimation, R-OFDM still has the advantage against the conventional OFDM.
5 Text Proposal (Section 7.1.1.1.2 in TR 25.814) 
As an alternative to conventional OFDM, OFDM with pulse shaping (OFDM/OQAM) is described in section 7.1.1.1.2 of the technical report TR25.814 [3]. The purpose of this text proposal is to add description of another candidate for the enhanced modulation scheme for OFDMA.
Originally, OFDM does not expect frequency diversity effect, but in reality, it obtains the frequency diversity effect by use of FEC. This means that, even in distributed mode, the higher the channel coding rate is, the lower the frequency diversity effect becomes. To compensate this weak point, the rotational code-multiplexed OFDM (R-OFDM) was proposed in [1]. The R-OFDM is compatible with conventional OFDM by selecting the appropriate rotation angle of modulation signal. Therefore, there is no impact to the conventional OFDM receiver.

The R-OFDM with conventional receiver such as minimum mean square error combiner (MMSEC) or maximum likelihood demodulator (MLD) provides the better link level performance than the conventional OFDM especially for the higher channel coding rate [2]. The R-OFDM with advanced receiver such as iterative detection scheme provides further improvements over the normal OFDM [4]-[7]. 

This Text Proposal is to add a new sentence in 7.1.1.1.2 to describe the rotational code-multiplexer which shall be one of the enhanced modulation schemes for OFDM.
References
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----------------------------------------- Start of Text Proposal -----------------------------------------------------

7.1.1.1.2
Enhanced modulation scheme 

As an alternative to conventional OFDM, OFDM with pulse shaping (OFDM/OQAM) should be studied. 
Rotational code-multiplexed OFDM (R-OFDM) is another candidate for the enhanced modulation scheme which is compatible with conventional OFDM by selecting the appropriate rotation angle of modulation signal. 
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				Channel coding						1		1/2		14		10.5		14.5		13.5

						1/2, 3/4						3/4		19		18.5		19.5		18.5

				Decoding algorithm		Max Log-MAP / 8 iterations, Twin Turbo for R-OFDM				2		1/2		8		8		8		7.5

				Modulation		QPSK, 16QAM						3/4		12.5		12.5		12.5		12

						2 (QPSK), 4 (16QAM)

				Rotation angle for rotational OFDM

				Channel model

				Channel estimation		Perfect
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