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1. Introduction
The target for the peak data rate in the E-UTRA downlink is greater than 100 Mbps in a 20-MHz bandwidth [1]. This paper presents link-level simulation results on the achievable peak data rate employing 2-by-2 MIMO multiplexing in the OFDM downlink for the E-UTRA.

2. Simulation Conditions

Table 1 gives the simulation parameters for OFDM based radio access, which follow the approved simulation conditions given in [2]. The transmission bandwidth and the number of sub-carriers are 20 MHz and 1200, respectively. The combinations for the modulation and coding rate, R, in Turbo coding are QPSK with R = 1/2, 2/3, 3/4, 16QAM with R = 1/2, 2/3, 3/4, 4/5, and 64QAM with R = 2/3, 3/4, and 4/5. Table 2 gives the achievable data rate for the respective combinations of modulations and coding rates. The pilot symbols (reference signals) are multiplexed into the first and fifth OFDM symbol positions with a six sub-carrier spacing each. The overhead of the pilot symbols and control information symbols is set to 29%. We employ 2-by-2 MIMO multiplexing to achieve a peak data rate greater than 100 Mbps. The FFT timing is estimated from the correlation between the received signal and pilot symbol replica in the time domain. Moreover, channel estimation is performed as follows. First, OFDM symbols of two neighboring sub-carriers are averaged using linear interpolation in the frequency domain and the successive averaged channel estimate is further averaged through coherent accumulation in the time domain to produce the final channel estimate. 

We used two types of signal detection methods: the maximum likelihood detection (MLD) with QR decomposition and the M-algorithm (QRM-MLD) [3] using adaptive selection of the surviving symbol replica candidates (ASESS) [4]; and the minimum mean squared error (MMSE) method. Figure 1 indicates the QRM-MLD signal detection using ASESS. The QRM-MLD applies QR decomposition associated with the M-algorithm to MLD to reduce the computational complexity of the conventional MLD method. By multiplying the Hermitian transposition of the Q matrix of the channel matrix to the received signal vector, the received signal vector becomes orthogonal. The surviving symbol replica candidates are then selected at each stage based on the M-algorithm. Since the symbol replica candidates with a large branch metric, i.e., long squared Euclidian distance, are discarded at each stage, the number of symbol replica candidates for which the squared Euclidian distance is to be calculated is significantly reduced compared to the conventional MLD. Furthermore, by applying ASESS to QRM-MLD, the branch metrics are calculated only for the minimum number of remaining symbol replica candidates, Sm (m = 1, 2), based on the accumulated branch metric of each surviving symbol replica candidate and ranking information of the newly added symbol replica candidates at each stage using quadrant detection, while still maintaining the same achievable packet error rate (PER) performance as that of the original QRM-MLD. Figure 2 is a block diagram of the MMSE based signal detection method. The interference from other transmission antennas is suppressed by multiplying the MMSE weight to the received signal. The MMSE weight is generated from the channel estimate and noise power at each sub-carrier.

We assume the six-ray Typical Urban channel model with the moving speed of 3 km/h, which corresponds to the fading maximum Doppler frequency of 5.55 Hz for a 2.0-GHz carrier frequency. 

Table 1 – Simulation parameters
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Table 2 – Achievable data rate
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Figure 1 – Configuration of QRM-MLD using ASESS
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Figure 2 – Configuration of MMSE

3. Simulation Results
Figure 3 plots the throughput using 2-by-2 MIMO multiplexing as a function of the average received signal energy per symbol-to-noise power spectrum density ratio (Es/N0) per receiver branch. The blue and red curves in the figure indicate the throughput using QRM-MLD with ASESS and that for the MMSE receiver, respectively. Figure 3 shows that the throughput of greater than 100 Mbps is achieved at the average received Es/N0 of approximately 23.5 and 25.0 dB using 64QAM associated with coding rate of R = 3/4 employing QRM-MLD with ASESS, and for the MMSE receiver, respectively. Therefore, we elucidate that the target of peak data rate in the downlink is achieved using 64QAM with R = 3/4 employing 2-by-2 MIMO multiplexing.
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Figure 3 – Throughput performance as a function of average received Es/N0 per receiver branch 

4. Conclusion

This contribution clarified by link-level simulations that the target of peak data rate in the downlink, i.e., greater than 100 Mbps, is achieved at the average received Es/N0 of approximately 23.5 and 25.0 dB using 64QAM associated with coding rate of R = 3/4 in 2-by-2 MIMO multiplexing employing QRM-MLD with ASESS, and using the MMSE receiver, respectively. 
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