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1 Introduction

Twin Turbo decoder [1] was discussed in 3GPP RAN WG1 LTE Ad Hoc Meeting in Helsinki. The Twin Turbo decoder improves the error correction capability of the Turbo decoder when the received modulation symbol has two or more bits on In-phase channel (I-ch.) or Quadrature-phase channel (Q-ch.). In such modulations or transmissions, a likelihood of a bit is given by the conditional probability of the other bits named as pair bits in this document, so that Twin Turbo decoder updates the channel reliability value with the aid of a posteriori probabilities of the pair bits on every decoding iteration. This document reports the PER (Packet Error Rate) performance of Twin Turbo decoder in MIMO-OFDM Transmission for your information. 
2 MIMO-OFDM Transmission with Twin Turbo Decoder
Figure 1 shows the block diagram of MIMO-OFDM with Twin Turbo decoder when the transmitter and receiver include two antennas. In the transmitter, the symbol sequences are divided into Tx-antennas 1 and 2 by serial to parallel conversion, so that they are spatially multiplexed. As a signal detection scheme of MIMO-OFDM, this report uses the MLD (Maximum Likelihood Detection) with QR decomposition provided in [1]. In the receiver, the propagation channel matrix 
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 is obtained by the pilot-aided channel estimation, then an orthogonal matrix 
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 and an upper triangular matrix 
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 are calculated by the QR decomposition of 
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. The received signal vector is multiplied by the complex conjugate transpose of 
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, and the orthogonal received signal vector is obtained. Finally, the symbol replica candidates are generated by 
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, then the squared distances between the orthogonal received signal vectors and symbol replica candidates are obtained as the symbol based likelihood. 
In MIMO-OFDM, although signals on I- and Q-ch. received from same Tx-antenna are orthogonal, signals on I-ch. received from different Tx-antennas are not orthogonal. In addition, the signals on I- and Q-ch. transmitted from different antennas are not of course orthogonal, so that three bits hold the mutual information in common. Considering the above relationship between signals on I- and Q-ch. received from different antennas, when it is assumed that the received QPSK symbol at Tx-antenna 1 are composed by 
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 and 
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, and the received QPSK symbol at Tx-antenna 2 are composed by 
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 and 
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, then the likelihood of 
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 is given by 
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, 
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 and 
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. Therefore, 
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, the channel reliability value of 
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, is given by the following equation. 
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where 
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 means the conditional probability of 
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 is the joint probability of 
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”means the complementary event of 
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. In Eq. 
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. In Twin Turbo decoder, 
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 is obtained from the squared distances between symbol replica candidates and orthogonal received vectors and 
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 is obtained from a posteriori probability of 
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 and 
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. 
In order to update channel reliability value, above calculation is performed when each component decoder updates a posteriori probabilities, Twin Turbo decoder improves the decoding performance compared with Turbo decoder. 
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Figure 1:  Block Diagram of MIMO-OFDM Transmission with Twin Turbo Decoder
3 Performance Evaluation
This section evaluates the PER performances of Twin Turbo Decoder in MIMO-OFDM transmission by computer simulations. Table 1 lists the simulation parameters. The frame format discussed in 3GPP LTE (Long Term Evolution) with 10 MHz bandwidth is used. As in case of Figure 1, the 2
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2 MIMO channel is assumed and each channel has no correlation. 
The PER performances with QPSK modulation are shown in Figure 2 varying the average received symbol energy vs. noise power density per receiving antenna. For comparison, the PER performances with the turbo decoder are also shown in Figure 2. It is observed that the PER performances of the Twin Turbo decoder are better than Turbo decoder in any coding rates. For example, the required 
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 obtaining a PER of 1% are reduced by 0.5 to 0.6 dB. 
Figure 3 shows the PER performances with 16QAM modulation. In the 16QAM case, the gains due to Twin Turbo decoder are expanded to 1.1 to 1.5 dB because 16QAM can obtain more pair bits than QPSK. 
4 Conclusion

This contribution presents the PER performances of Twin Turbo decoder in MIMO-OFDM transmission. The computer simulation shows that the Twin Turbo decoder improves the PER performance of the Turbo decoder and the required 
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 obtaining a PER of 1% are improved by 0.5 to 0.6 dB in QPSK modulation and by 1.1 to 1.5 dB in 16QAM modulation, respectively. 
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Table 1:  Simulation Parameters
[image: image38.emf]Transmission bandwidth 10.0 MHz

Sampling frequency (= W) 15.36 MHz

Sampling rate t

s

 (= 1 / W)

0.0651 

m

sec.

FFT Size (= N

FFT

)

1024

OFDM symbol duration (= N

FFT

t

s

)

66.7 

m

sec.

# of CP (= N

CP

)

73 / 74 (Data / Pilot)

CP duration (= N

CP

t

s

)

4.75 / 4.82 μsec. (Data / Pilot)

# of OFDM symbols per sub-frame 1 Pilot + 6 Data

Sub-frame duration

500 

m

sec.

# of occupied sub-carriers 601

# of occupied sub-carriers per user

400 (QPSK & R  = 1/3),

200 (QPSK & R  = 1/2 ~ 3/4, 16QAM & R  = 1/3),

 100 (16QAM & R  = 1/2 ~ 3/4)

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

3200 (R  = 1/3), 2400 (R  = 1/2),

3200 (R  = 2/3), 3600 (R  = 3/4)

Channel coding Turbo code (K = 4)

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

Channel interleave Random

Decoding algorithm Max Log-MAP / 8 iterations

Modulation QPSK

Channel model

C.3.3 (Typical Urban) of  f

D

 = 56 Hz

Channel estimation Perfect
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Figure 2:  PER Performance in QPSK Modulation
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Figure 3:  PER Performance in 16QAM Modulation
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