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1. Introduction
At the RAN#28 meeting (Quebec), the requirements and targets of Evolved UTRA and UTRAN were approved [1]. The target for the peak data rate in the downlink is greater than 100 Mbps using two-branch MIMO in a 20-MHz bandwidth. This contribution presents link-level simulation results on throughput performance using maximum likelihood detection (MLD) based signal detection with MIMO multiplexing in the OFDM downlink for the Evolved UTRA.

2. Simulation Conditions
Table 1 gives the simulation parameters assumed in this contribution. We assume two channel bandwidths, 10 and 20 MHz, with the corresponding occupied bandwidth of 9.036 and 18.06 MHz, respectively. We employed 2-by-2 (4-by-4) MIMO multiplexing for the 20-MHz (10-MHz) transmission bandwidth. We assumed the pilot channel structures shown in Figs. 1(a) and 1(b) for the respective bandwidths. The combinations for the modulation and coding rate in Turbo coding are QPSK with R = 1/2, 2/3, 3/4, 4/5 and 8/9, 16QAM with R = 1/2, 2/3, 3/4, 4/5 and 8/9, and 64QAM with R = 2/3, 3/4 and 4/5. Channel estimation is performed as follows. First, OFDM symbols of two neighboring sub-carriers are averaged by linear interpolation in the frequency domain and the successive averaged channel estimate is further averaged by coherent accumulation in the time domain to produce the final channel estimate. We used three signal detection methods: MLD with QR decomposition and the M-algorithm (QRM-MLD) [2] using adaptive selection of surviving symbol replica candidates (ASESS) [3]; serial interference canceller (SIC) using decision-feedback data symbols after soft-decision Turbo decoding [4]; and the minimum mean squared error (MMSE) method. We assumed the Typical Urban channel model with the moving speed of 3 km/h, corresponding to the fading maximum Doppler frequency of 5.5 Hz at a 2.0-GHz carrier frequency. Table 2 shows the achievable data rate for the respective combinations of modulation and coding rate in the two transmission bandwidths.
Table 1 – Simulation Parameters
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Table 2 – Achievable Data Rate
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Figure 1- Assumption for channel estimation

Figure 2 indicates the QRM-MLD signal detection using ASESS [3]. 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. Then, the surviving symbol replica candidates are selected at each stage based on the M-algorithm. Since the symbol replica candidates with a large branch metric (i.e., large 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. In the contribution, we used the ASESS algorithm based on the maximum reliability in QRM-MLD as shown in Fig. 3 [3]. In the original QRM-MLD, the branch metric, i.e., squared Euclidian distance, is calculated for all remaining symbol replica candidates at each stage. However, in the QRM-MLD with ASESS, the branch metrics are calculated only for the minimum number of remaining symbol replica candidates 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 4 shows the block diagram of the SIC with decision-feedback data symbol after soft-decision Turbo decoding [4]. As shown in Fig. 4, the symbol replicas from the other transmission antennas are regenerated from the channel estimate and log likelihood ratio (LLR) after Turbo decoding. The signal detection is performed from the transmitted signal with the highest received signal-to-interference plus noise power ratio (SINR) in the descending order at every TTI. Then, the generated symbol replicas of the transmission signal with a higher ranking are subtracted from the received signal successively. Figure 5 shows a block diagram of the MMSE based signal detection. 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.
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Figure 2 - Configuration of QRM-MLD using ASESS
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Figure 3 – Adaptive selection of surviving symbol replica candidates based on maximum reliability
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Figure 4 – Configuration of SIC
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Figure 5 – Configuration of MMSE
3. Simulation Results
Figures 6(a) and 6(b) show the throughput performances 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) with the fading correlation of  = 0 and 0.5, respectively. Note that when we assume other-cell interference as Gaussian noise, the received Es/N0 value is regarded as Geometry. Figures 6 assume the transmission bandwidth of 20 MHz. We see from figures that the throughput of 100 Mbps is achieved at the average received Es/N0 of approximately 22 and 23 dB for  = 0 and 0.5, respectively, by 2-by-2 MIMO multiplexing with a 20-MHz transmission bandwidth. We further see that QRM-MLD using ASESS achieves better performance compared to that of SIC and MMSE owing to its superior signal separation capability. 
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Figure 6 – Throughput performance (2-by-2 MIMO)
It is more desirable to achieve a peak throughput of 100 Mbps with a narrower transmission bandwidth such as 10 MHz, since it is not necessarily realistic for most of operators to use a 20-MHz spectrum exclusively for the Evolved UTRA and UTRAN. Furthermore, it is reasonable to consider that such a high data rate as 100 Mbps is necessary not for handsets, but for mainly business users with laptop or PDA type UE terminals. Then, the application of more than two antennas seems feasible for such UE terminals. Thus, we investigate the throughput performance with a 10-MHz transmission bandwidth employing 4-by-4 MIMO multiplexing. Figures 7(a) and 7(b) show the throughput performances using 4-by-4 MIMO multiplexing as a function of the average received Es/N0 with the fading correlation of  = 0 and 0.5, respectively. These figures show that the throughput of 100 Mbps is achieved at the average received Es/N0 of approximately 22 and 25 dB for  = 0 and 0.5, respectively, by 4-by-4 MIMO multiplexing with the 10-MHz transmission bandwidth. We further see that QRM-MLD using ASESS achieves better performance compared to that of SIC and MMSE owing to its superior signal separation capability. In particular, when  = 0.5, the required average received Es/N0 at the throughput of 100 Mbps is reduced by approximately 8 dB compared to that of the SIC or MMSE method.
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Figure 7 – Throughput performance (4-by-4 MIMO)

4. Conclusion
This contribution presented link-level simulation results on the throughput performance using MLD based signal detection with MIMO multiplexing in the OFDM downlink for the Evolved UTRA. The simulation results showed that the throughput of 100 Mbps is achieved at the average received Es/N0 of approximately 22 and 23 dB for the fading correlation of  = 0 and 0.5, respectively, by 2-by-2 MIMO multiplexing with a 20-MHz transmission bandwidth. It was also shown that QRM-MLD using ASESS, which is one of the complexity-reduced MLD-based signal detection methods, achieves better throughput performance compared to that of SIC and MMSE owing to its superior signal separation capability. Finally, we showed the possibility of the 100-Mbps throughput with a 10-MHz transmission bandwidth at the average received Es/N0 of approximately 22 and 25 dB for  = 0 and 0.5, respectively, by using 4-by-4 MIMO multiplexing with QRM-MLD using ASESS.
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