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1 Introduction

There are two types of transmissions defined in section 7.1.1.2.1 of the technical report TR25.814 [1], which are block-wise transmission in localized mode and transmission on non-consecutive (scattered) sub-carriers in distributed mode. The latter one makes use of frequency diversity, and is recommended for high speed users and/or delay sensitive traffic in [2].
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, we present the rotational code-multiplexed OFDM with advanced receiver. 
2 OFDM Transmission with and without Walsh Code-Multiplexing
2.1 Without Code-Multiplexing
Figure 1 overviews the block diagram for distributed mode, where 2 modulation symbols, A and B, are mapped onto 2 scattered sub-carriers, F1 and F2, respectively. Due to the frequency selective channel, received sub-carrier powers are different each other. As a result, there is no frequency diversity effect at the modulation symbols. However, by using the error correction scheme, some frequency diversity effect is derived, which depends on the coding rate of FEC, though.
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Figure 1: Normal OFDM in distributed mode.
2.2 With Walsh Code-Multiplexing

In contrast, OFDM with code-multiplexing, whose diagram is depicted in Figure 2, was expected to obtain the best diversity gain on frequency domain. However, the overall performance with FEC becomes worse than that of OFDM without code-multiplexing mentioned in previous section, because of inter-symbol (or inter-code) interference [3]. 
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Figure 2: OFDM with Walsh code-multiplexing.
Note that, in Figure 2, WCM means Walsh Code Multiplexing to operate the following formula for 2 dimensions.
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In receiver side, MMSE (Minimum Mean Squared Error) equalization and despreader are used before demodulation. 
3 Rotational OFDM Transmission
3.1 Overview
The rotational OFDM transmission is overviewed in Figure 3. There are three features; the rotational code-multiplexer (RCM), multi-dimensional demodulator (MD-DEM) and dual iteration decoder. In the following paragraphs, those features are introduced briefly in case of QPSK modulation and 2 dimensional code-multiplexing.
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Figure 3: Rotational OFDM (R-OFDM) in distributed mode.
3.2 Features in Rotational OFDM Transmission
3.2.1 Rotational Code-Multiplexer (RCM)
RCM converts modulation symbols, A and B, into sub-carrier symbols X and Y, as follows.
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(2)
where θ1 is a rotation angle. If θ1 = 0, then the signal becomes the same as that of the normal OFDM without code-multiplexing, as mentioned in section 2.1. On the other hand, when θ1 = π/4, the transmission performance is equivalent to that of Walsh code-multiplexed OFDM, as mentioned in section 2.2.
By adjusting the rotation angle, optimum correlation is obtained between modulation symbols A and B, which produces the best frequency diversity gain. Note that the rotational matrix can be expanded to higher dimensions as follows.
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Let’s assume the QPSK modulation. QPSK symbol consists of I-phase component bit and Q-phase component bit. In this explanation, I-phase bits are paid attention without loss of generality. Let the I-phase bit of modulation symbol A be “a”, and that of symbol B be “b”. Then, the signal constellation constructed by I-phase channels on F1 and F2 is as shown in Figure 4. At the constellation, the minimum distance between signals, such as the distance between “00” and “01”, dominates the transmission performance. Rotating the constellation by π/4 (θ1 = π/4), makes the minimum distance stable against the Rayleigh fading, due to 2-branch (2-sub-carriers) diversity. However, the diagonal distance, such as in-between “00” and “11”, tends to fluctuate by π/4 rotation, due to loss of 2-branch diversity. Although the diagonal distance is longer than the minimum distance for 3dB, that drawback is not negligible with FEC.
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Figure 4: Signal Constellation at Transmitter Side.

3.2.2 Multi-Dimensional Demodulator (MD-DEM)
Because of the frequency selective channel, signal constellation of Figure 4 is generally distorted as shown in Figure 5. The conventional receiver uses MMSE equalization and despreading, as shown in Figure 2, which brings inter-symbol (or inter-code) interference (ISI). To avoid the ISI, multi-dimensional demodulator is used here, detecting the likelihood of the code-multiplexed symbol, as shown in Figure 5.
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Figure 5: Signal Constellation and the Symbol Likelihood at Receiver Side.

3.2.3 Dual Iteration Decoder (Twin Turbo Decoder)
In general, MAP decoding assumes no correlation between inputted soft decisions. Therefore, for correlated signals, their mutual information is discarded in conventional decoder. In order to take it in, Twin Turbo Decoder [4] seems appropriate for this rotation OFDM. Figure 6 shows the overview of the twin turbo decoder. In addition to the conventional feedback loop for “Brief Propagation”, a 2nd feedback loop is added for taking mutual information between correlated bits. For example, in Figure 5, the likelihoods of bits a and b have mutual correlation each other. Then, the channel likelihood for bit a is calculated as follows, where P(b) is generated the component decoders as a posterior probability, Lp.
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Figure 6: Twin Turbo Decoder.

3.3 Performance Evaluation
3.3.1 Simulation Assumption

Table 1 lists the simulation parameters. Code-multiplexed symbols (X and Y in Figure 3) are randomly assigned to sub-carriers. For Walsh code-multiplexed OFDM, the despreader with MMSE equalizer was assumed. 
Table 1. Simulation Parameters
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4.75 or 4.82 μsec. / 16.7 μsec.
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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
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q

1

 = 

q

2

 = 
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3.3.2 Simulation Results
In this simulation, three kinds of OFDM transmission are taken into account for distributed mode. As normal OFDM transmissions, there are no code-multiplexing OFDM mentioned in section 2.1, and with Walsh code multiplexing mentioned in section 2.2. Walsh code-multiplex was assumed 4 dimensions in QPSK and 2 dimensions in 16QAM. For the rotational OFDM transmission scheme, 2 dimensions and 4 dimensions were assumed. 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 7 to 10. 

Figure 7 and 8 compare the FER performances among three OFDM schemes when the modulation scheme is QPSK. In these simulation results, the rotational OFDM shows better FER performance than that of normal one if the coding rate is high. 
Figure 9 and 10 show the FER performance for 16QAM. Although the improvements of the rotational OFDM scheme compared to the conventional OFDM are relative small, the FER performance of the rotational OFDM still shows better performance than that of the conventional OFDM. 
Figure 11 to 14 show the FER performances with dual receiving antennas. Although the frequency selectivity is mitigated by the receiving diversity, the frequency diversity gain due to RCM can be still confirmed. 
4 Conclusion

In this contribution, we presented a rotational OFDM transmission scheme for distributed mode. By using the RCM (Rotational Code Multiplexing) and advanced detection, frequency diversity gain can increase, especially in case of higher channel coding rate. On top of that, it should be pointed out that the RCM is a parameterized function which contains normal OFDM scheme. Therefore, the rotational code multiplexing should be included as an optional feature of OFDM transmission for distributed mode. 
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Figure 7: Frame Error Rates with Single Rx-Antenna (QPSK with Long CP Fmt. in C.3.3 Channel).
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Figure 8: Frame Error Rates with Single Rx-Antenna (QPSK with Long CP Fmt. in C.3.4 Channel).
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Figure 9: Frame Error Rates with Single Rx-Antenna (16QAM with Short CP Fmt. in C.3.3 Channel).
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Figure 10: Frame Error Rates with Single Rx-Antenna (16QAM with Long CP Fmt. in C.3.4 Channel).
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Figure 11: Frame Error Rates with Dual Rx-Antennas (QPSK with Short CP Fmt. in C.3.3 Channel).
[image: image17.wmf]10

-3

10

-2

10

-1

10

0

-4

-3

-2

-1

0

1

2

3

4

5

6

7

8

9

10

OFDM w/o CM

w/ WCM (D = 4)

R-OFDM (D = 2)

R-OFDM (D = 4)

Frame Error Rate

Average E

s

 / N

0

 [dB]

R=3/4

R=1/2


Figure 12: Frame Error Rates with Dual Rx-Antennas (QPSK with Long CP Fmt. in C.3.4 Channel).
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Figure 13: Frame Error Rates with Dual Rx-Antennas (16QAM with Short CP Fmt. in C.3.3 Channel).
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Figure 14: Frame Error Rates with Dual Rx-Antennas (16QAM with Long CP Fmt. in C.3.4 Channel).

5 Text Proposal (Section 7.1.1.2.1 in TR 25.814) 
----------------------------------------- Start of Text Proposal -----------------------------------------------------

7.1.1.2.1 Downlink data multiplexing
Both TDM and FDM are employed to map channel-coded, interleaved, and data-modulated information [Layer 3 information] onto OFDM time/frequency symbols. The OFDM symbols can be organized into a number of resource blocks consisting of a number (M) of consecutive sub-carriers for a number (N) of consecutive OFDM symbols. The granularity of the resource allocation should be able to be matched to the expected minimum payload. It also needs to take channel adaptation in the frequency domain into account.

The frequency and time allocations to map information for a certain UE to resource blocks is determined by the Node B scheduler and may e.g. depend on the frequency-selective CQI (channel-quality indication) reported by the UE to the Node B, see Section 7.1.2.1 (time/frequency-domain channel-dependent scheduling). The channel-coding rate and the modulation scheme (possibly different for different resource blocks) are also determined by the Node B scheduler and may also depend on the reported CQI (time/frequency-domain link adaptation). 

In addition to block-wise transmission, transmission on non-consecutive (scattered) sub-carriers is also to be supported as a means to maximize frequency diversity.
The frequency diversity gain can be enhanced by employing rotational code multiplexing with advanced receivers, such as multi-dimensional demodulator with dual iteration decoder.
Details of the multiplexing of lower-layer control signaling is currently TBD but may be based on time, frequency, and/or code multiplexing.
------------------------------------------ End of Text Proposal -----------------------------------------------------
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				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 antennas		1, 2

				Channel estimation		Perfect
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