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1. Introduction
At the RAN WG1#59 meeting in Jeju, there was intense discussion regarding the need for open-loop transmit diversity (TxD) for the physical uplink shared channel (PUSCH) in addition to the existing single antenna-port transmission and closed-loop SU-MIMO, i.e., closed-loop precoding, modes in Rel. 10 (LTE-Advanced) [1]-[12]. However, no consensus was reached on the introduction of TxD in Rel. 10. In this contribution, we further evaluate the throughput performance employing open-loop TxD based on a system-level simulation considering the impact of channel estimation error.
2. Simulation Conditions
We evaluate the system throughput performance, i.e., cell throughput and 5% CDF (Cumulative Distribution Function) user throughput of open-loop TxD (assuming space-time block coding (STBC) in the evaluation) and closed-loop precoding for rank 1 transmission based on a system-level simulation.

Table 1(a) gives the major link-level simulation parameters. One transmission time interval (TTI) contains 14 SC-FDMA symbols, each of which comprises a 66.7 sec effective symbol and a 4.69 sec cyclic prefix (CP). We assume the QPSK, 16QAM, and 64QAM modulation schemes, and turbo coding with the coding rate of R = 1/8 – 5/6. A Zadoff-Chu sequence is used as the demodulation reference signal (DM-RS) sequences. The DM-RS symbols are time division multiplexed with the shared data symbols. For STBC, DM-RS symbols from different transmission antennas are code division multiplexed using different cyclic shifts. On the other hand, for the closed-loop precoding, the DM-RS symbol is precoded in the same manner as that for the shared data symbols. Although we assume ideal received symbol timing detection, realistic channel estimation using DM-RS are conducted based on the coherent averaging of the DM-RS within a subframe. Moreover, the throughput performance using ideal channel estimation is also given as a reference.
Table 1(b) gives the major system-level simulation parameters. The total system bandwidth is 10 MHz (the occupied bandwidth is 9 MHz, which corresponds to 50 RBs). A 3-cell 19-hexagonal cell-site layout model is assumed with the inter-site distance (ISD) of 500 m. The number of UEs (User Equipments) per cell is 10 on average and the locations of the UEs are randomly assigned with a uniform distribution within the cell. The propagation model and multipath model conform to the SCM Urban Macrocell model [13] in the 3GPP case 1 scenario [14]. 
We assume a full buffer traffic model. Proportional fairness (PF [15])-based time and frequency domain channel-dependent scheduling is used. Except for 4 RBs for the overhead of the physical uplink control channel (PUCCH), 46 RBs are assigned in each TTI. Furthermore, rank adaptation is assumed for both rank 1 transmission schemes. The control delay of the time and frequency domain channel-dependent scheduling, adaptive modulation and coding (AMC), and rank adaptation is set to 6 msec and the ideal channel measurement is assumed. The sounding reference signal (SRS) transmission interval is assumed to be 20 msec. We apply chase combining as hybrid automatic repeat request (HARQ) with packet combining, and the round trip delay (RTD) for retransmission is assumed to be 8 msec. Moreover, fractional TPC (Transmission Power Control) is employed.
In this evaluation, we assume an even number of shared data symbols within each slot. Therefore, the performance loss of STBC by the pairing issue is not considered here.
Table 1 – Simulation parameters
(a) Link-level parameters
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(b) System-level parameters
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3. Simulation Results

Figures 1(a) and 1(b) show the system throughput performance using STBC and the closed-loop precoding for rank 1 transmission when ideal channel estimation is assumed. The antenna separations at the eNB and UE are set to 4 and 0.5, respectively. For comparison, the performance of single antenna transmission is also given. The maximum Doppler frequency, fD, is parameterized from 5.55 Hz to 222 Hz in Fig. 1. Figure 1 shows that under low mobility conditions for fD = 5.55 Hz, the closed-loop precoding achieves 8% and 21% higher cell throughput and 5% CDF user throughput, respectively, compared to STBC due to its high precoding gain. On the other hand, under high mobility conditions for fD greater than 55.5 Hz, the system throughput performance of STBC is higher than those for the closed-loop precoding.
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             (a) Cell throughput                              (b) 5% CDF user throughput
Figure 1 – System throughput performance 
(Antenna separation: eNB – 4, UE – 0.5, Ideal channel estimation)
Figures 2(a) and 2(b) show the system throughput performance of STBC and the closed-loop precoding for rank 1 transmission when realistic channel estimation is performed. The antenna separations at the eNB and UE are identical to those in Fig. 1. Compared to Fig. 1, the performance of STBC is severely degraded, and both cell throughput and 5% CDF user throughput for STBC are slightly degraded compared to those for closed-loop precoding. This is because a pair of orthogonal DM-RSs is necessary for the PUSCH decoding in the case of STBC, so the average received signal power per orthogonal DM-RS becomes half compared to that for the closed-loop precoding. This leads to the system throughput performance degradation due to channel estimation error in the case of STBC.
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             (a) Cell throughput                              (b) 5% CDF user throughput
Figure 2 – System throughput performance 
(Antenna separation: eNB – 4, UE – 0.5, Real channel estimation)
Figures 3(a) and 3(b) show the system throughput performance when the antenna separations at the eNB and UE are set to 10 and 10, respectively, to confirm the gain of STBC in a low spatially correlated scenario. Realistic channel estimation is assumed similar to that in Fig. 2. Compared to Fig. 2, the performance of STBC is slightly better under high mobility conditions. However, the gain of the cell throughput and 5% CDF user throughput with STBC those for compared to closed-loop precoding even at fD = 222 Hz is only less than 3% and 5%, respectively.
In conclusion, considering the limited gain of STBC compared to closed-loop precoding even in a low spatially correlated scenario, open-loop TxD does not seem to be necessary at least a for non-semi persistent scheduling (non-SPS) case.
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             (a) Cell throughput                              (b) 5% CDF user throughput
Figure 3 – System throughput performance 

(Antenna separation: eNB – 10, UE – 10, Real channel estimation)
4. Conclusion

This contribution evaluated the throughput performance of STBC and closed-loop precoding based on a system-level simulation taking into account the impact of channel estimation error. Based on the simulation results, considering the limited gain of STBC compared to that from closed-loop precoding even in a low spatially correlated scenario and under high mobility condition, open-loop TxD does not seem  to be necessary at least for a non-semi persistent scheduling (non-SPS) case.
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