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1 Introduction

In our separate contribution, the R-OFDM (Rotational OFDM) has been evaluated with an advanced receiver [1]. This document reports the performance of R-OFDM with two types of normal receiver configurations for your information. 
2 Receiver Configurations for R-OFDM
2.1 Minimum Mean Square Error Combiner
As a receiving scheme for code multiplexed signals, the Minimum Mean Square Error Combiner (MMSEC) is generally applied with normal turbo decoder. Figure 1 shows such a block diagram, where “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 MMSEC (Configuration 1).
2.2 Maximum Likelihood Demodulator
Another receiver configuration can make use of Maximum Likelihood Demodulator (MLD) for soft input to turbo decoder, in order to avoid inter-code interference. 
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Figure 2:  R-OFDM with MLD (Configuration 2).
The demodulator calculates the channel likelihood (Lc) on bit by bit basis without any equalization nor despreading. Following the reference [1], the I-phase bit of modulation symbol A be “a”, and that of symbol B be for “b” in case of QPSK modulation. Then, the signal constellation constructed by I-phase channels on F1 and F2 is as shown in Figure 3.
[image: image4.emf]In-phase (I-Ch.) on F1

In-phase (I-Ch.) on F2

00

ab=10

01

11

π

/4 -

θ

1


Figure 3: Signal Constellation at Transmitter Side.

Due to the channel selectivity on frequency domain, received signal constellation is probably distorted as shown in Figure 4.
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Figure 4: Signal Constellation and the Symbol Likelihood at Receiver Side.

When the symbol likelihood is Pc(ab), then the channel likelihood, Lc for bit “a” and “b” are derived from the following formulas.
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The turbo decoder uses channel likelihood Lc in conventional manner.
2.3 Multi-Dimensional Demodulator and Twin Turbo Decoder
This configuration shown in Figure 3 recalls Multi-Dimensional Demodulator and Twin Turbo Decoder (MDD and TTD) presented in our separate contribution [1].
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Figure 5:  R-OFDM with an advanced receiver (Configuration 3) [1].
3 Performance Evaluation
3.1 Simulation Assumption

Table 1 lists the simulation parameters, which are the same as in [1]. 
Table 1. Simulation Parameters
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Sampling rate t
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FFT
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OFDM symbol duration (= N

FFT
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# of CP (= N

CP
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(Short / Long CP)

73 or 74 / 256

CP duration (= N

CP
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s
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(Short / Long CP)

4.75 or 4.82 μsec. / 16.7 μsec.

# of OFDM symbols per sub-frame

(Short / Long CP)

1 Pilot + 6 Data / 1 Pilot + 5 Data

Sub-frame duration 500 

m

sec.

# of occupied sub-carriers 601

# of occupied sub-carriers per user 200 (QPSK), 100 (16QAM)

# of pilot sub-carriers 300

# of info.bits per sub-frame (incl. tail bits)

(Short / Long CP)

1200 / 1000 (R = 1/2),

1800 / 1500 (R = 3/4)

Channel coding Turbo code (K = 4)

Coding rate (= R) 1/2, 3/4

Decoding algorithm Max Log-MAP / 8 iterations

Modulation QPSK, 16QAM

Rotation dimension (= D) 2, 4

Rotation angle for rotational OFDM

q

1

 = 

q

2

 = 0.6 

p

/4

Channel model

C.3.3 (Typical Urban) of f

D

 = 56 Hz,

C.3.4 of f

D

 = 56 Hz

# of receiving antenna 1, 2

Channel estimation Perfect


3.2 Simulation Results
In this simulation, OFDM without code multiplexing and R-OFDM are taken into account for distributed mode. The simulation evaluates the MMSEC, MLD and MDD with TTD as receiving configurations for the R-OFDM transmission. The rotation dimensions of 2 and 4 are assumed in QPSK and 16QAM modulation, respectively. In the dual receiving antennas case, the squared distances between the demodulated signal and transmitted signal candidates are calculated at each branch, and then combined. 
The FER performances with single receiving antenna are shown in Figure 6 to 9, and the FER performances with dual receiving antennas are shown in Figure 10 to 13. 

Figure 6, 7, 10 and 11 compare the FER performances of QPSK modulation. The FER of the MMSEC are worse than that of OFDM without CM except for the coding rate of 3/4. The MLD improves the FER of MMSEC, and the required Es/N0 obtaining a FER of 1% is improved by about 1.7 dB at most. Compared with the OFDM performance without CM, the gain of the MLD is also confirmed in the majority of cases except for the coding rate of 1/2 with the dual antennas where the slight disadvantage is verified.
Figure 8, 9, 12 and 13 are 16QAM case. The FER of the MMSEC are worse than that of OFDM without CM in all configurations and coding rates. Although the MLD is inferior to OFDM without CM in the coding rate of 1/2, the MLD performs almost same or superior to OFDM without CM. Finally, all figures show the R-OFDM with MDD and TTD provides the best FER performance. 
4 Conclusion

In this contribution, we presented the performance of two conventional receiver configurations for the R-OFDM transmission. One is the MMSEC and the other is the MLD. The simulation results show that the MLD is superior to MMSEC when the rotation dimensions are 2 and 4. When the MLD is compared with OFDM without CM, MLD provides the almost same or better performance than that of OFDM without CM except for the 16QAM with coding rate of 1/2. If the conventional receiver configuration is assumed for the R-OFDM transmission with the multi-level modulation and low coding rate, the rotation angle smaller than 0.6 [/4] might be a better choice. 
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Figure 6: Frame Error Rates with Single Rx-Antenna (QPSK with Long CP Fmt. in C.3.3 Channel).
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Figure 7: Frame Error Rates with Single Rx-Antenna (QPSK with Long CP Fmt. in C.3.4 Channel).
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Figure 8: Frame Error Rates with Single Rx-Antenna (16QAM with Short CP Fmt. in C.3.3 Channel).
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Figure 9: Frame Error Rates with Single Rx-Antenna (16QAM with Long CP Fmt. in C.3.4 Channel).
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Figure 10: Frame Error Rates with Dual Rx-Antennas (QPSK with Long CP Fmt. in C.3.3 Channel).
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Figure 11: Frame Error Rates with Dual Rx-Antennas (QPSK with Long CP Fmt. in C.3.4 Channel).
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Figure 12: Frame Error Rates with Dual Rx-Antennas (16QAM with Long CP Fmt. in C.3.3 Channel).
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Figure 13: Frame Error Rates with Dual Rx-Antennas (16QAM with Long CP Fmt. in C.3.4 Channel).
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パラメータ

		

				Transmission BW		10.0 MHz

				Sampling frequency (= W)		15.36 MHz

				Sampling rate ts (= 1 / W)		0.0651 msec.

				FFT Size (= NFFT)		1024

				OFDM symbol duration (= NFFTts)		66.7 msec.

				# of CP (= NCP)
(Short / Long CP)		73 or 74 / 256

				CP duration (= NCPts)
(Short / Long CP)		4.75 or 4.82 μsec. / 16.7 μsec.

				# of OFDM symbols per sub-frame
(Short / Long CP)		1 Pilot + 6 Data / 1 Pilot + 5 Data

				Sub-frame duration		500 msec.

				# of occupied sub-carriers		601

				# of occupied sub-carriers per user		200 (QPSK), 100 (16QAM)

				# of pilot sub-carriers		300

				# of info.bits per sub-frame (incl. tail bits)
(Short / Long CP)		1200 / 1000 (R = 1/2), 
1800 / 1500 (R = 3/4)

				Channel coding		Turbo code (K = 4)

				Coding rate (= R)		1/2, 3/4

				Decoding algorithm		Max Log-MAP / 8 iterations

				Modulation		QPSK, 16QAM

				Rotation dimension (= D)		2, 4

				Rotation angle for rotational OFDM		q1 = q2 = 0.6 p/4

				Channel model		C.3.3 (Typical Urban) of fD = 56 Hz, 
C.3.4 of fD = 56 Hz

				# of receiving antenna		1, 2

				Channel estimation		Perfect
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