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1. Introduction
At the previous RAN WG1#58bis meeting in Miyazaki, the need for open-loop transmit diversity (TxD) for the physical uplink shared channel (PUSCH) was discussed in addition to the existing single antenna transmission and closed-loop SU-MIMO, i.e., closed-loop precoding, modes in Rel. 10 (LTE-Advanced) [1]-[10]. It was concluded that the target use cases where TxD yields additional benefit must be identified while taking into account the performance and power consumption, etc., if open-loop TxD is introduced in LTE-Advanced. This contribution presents the potential target use cases for open-loop TxD and evaluates the throughput performance employing open-loop TxD based on a link-level simulation considering adaptive modulation and coding (AMC) and hybrid automatic repeat request (HARQ).

2. Potential Use Cases of Open-loop UL TxD in LTE-Advanced

Before evaluating the performance of UL open-loop TxD, this section addresses potential use cases in which open-loop TxD is beneficial. Open-loop TxD is beneficial in obtaining a larger diversity gain compared to that for closed-loop precoding when the closed-loop control cannot track the instantaneous channel variation due to the round trip delay of precoding vector feedback signaling, etc. Hence, two cases can be considered:

1) High UE mobility and/or a long sounding reference signal (SRS) transmission interval.

2) Semi-persistent scheduling without a UL grant, i.e., initial transmission and retransmission based on the physical HARQ indicator channel (PHICH).


In the first case, the throughput gain by introducing TxD should be identified in order to clarify the need for TxD. In the second case, coverage and system level capacity are important. TxD may potentially improve these two factors. However, since frequency hopping is already supported in order to obtain a diversity gain, any additional gain by introducing TxD would be limited considering the further degradation of the channel estimation accuracy. Therefore, this contribution focuses on the first case without frequency hopping.

3. Simulation Evaluations

In this section, we present a throughput performance comparison among open-loop TxD (assume STBC in the evaluation), closed-loop TxD (short/long-term precoding), and a single antenna transmission with UE mobility and the SRS transmission interval as parameters to clarify the gain from case 1 in the previous section. We do not have a strong preference between the two TxD schemes, i.e., STBC-based or SFBC, if a two-antenna TxD scheme is specified. Here, we focus on the discussion of its necessity.

3.1 Simulation Configurations
Table 1 gives the radio parameters assumed in the simulation evaluation. At the UE transmitter, information bits are channel-encoded using a turbo code with the coding rate, R, of 1/3 to 5/6 and data modulated using QPSK and 16QAM. The occupied UE transmission bandwidth is set to 900 kHz, which corresponds to 5 RBs (= 60 subcarriers). In this evaluation, inter-slot frequency hopping is not applied. A data-modulated symbol sequence is fed into the discrete Fourier transform (DFT) precoder. After STBC or precoding processing, the inverse fast Fourier transform (IFFT) converts the frequency-domain signal into a time-domain signal. Finally, a cyclic prefix (CP) is appended to each FFT block. 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. The DM-RS symbols from the other transmission antennas are code division multiplexed using different cyclic shifts for STBC. For the closed-loop precoding, the DM-RS symbol is precoded in the same manner as that for the shared data symbols. In this evaluation, we assume an even number of shared data symbols within each slot to evaluate the maximum gain from STBC for the purpose of this study.

We assume the Vehicular A channel model with the fading maximum Doppler frequency, fD, of 5.55 or 222 Hz, which corresponds to the moving speed of 3 and 120 km/h at the carrier frequency of 2 GHz, respectively. The fading correlation between the transmitter/receiver antennas, , is set to 0 or 0.5.

At the eNB receiver, we assume ideal FFT timing detection. The channel gain of each subframe at each subcarrier is estimated based on the received DM-RS in the frequency domain. The minimum mean square error (MMSE) signal detection methods employing two receiver antennas are employed. Although the transmission rank is fixed to one, AMC is performed in the evaluation. The control delay of the MCS selection in AMC and the precoding vector selection are set to 8 msec. The SRS transmission interval, TSRS, is set to 5 or 20 msec. We use incremental redundancy as HARQ with packet combining and the round trip delay for retransmission is set to 8 msec. Finally, the log likelihood ratio (LLR) stream is soft-decision turbo decoded using Max-Log-MAP decoding with eight iterations to recover the transmitted binary data.
 Table 1 – Simulation parameters
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3.2 Simulation Results
Figure 1 shows a throughput performance comparison among STBC, closed-loop precoding, and single antenna transmission for TSRS = 5 msec and  = 0.0. The maximum Doppler frequency is set to 5.55 Hz and 222 Hz in Figs 1(a) and 1(b), respectively. Figure 1(a) shows that under low mobility conditions, the throughput performance of the closed-loop precoding is the highest compared to those for STBC and the single antenna transmission due to its high precoding gain. On the other hand, under high mobility conditions such as that in Fig. 1(b), the throughput performance of STBC is the highest compared to those for the closed-loop precoding and single antenna transmission in a relatively high SNR region, e.g., SNR > 5 dB. We note that rank adaptation is not considered in the evaluation. Therefore, the performance gain of STBC in a high SNR region may be decreased if rank adaptation is employed.
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Figure 1 – Throughput performance (TSRS = 5 msec,  = 0.0)


Figure 2 shows a throughput performance comparison for TSRS = 20 msec and  = 0.0. Figure 2(a) shows that although the throughput gain of the closed-loop precoding under low mobility conditions is slightly reduced compared to that in Fig. 1(a), we still observe a large performance gain compared to those for STBC and the single antenna transmission. From Fig. 2(b), the tendency under high mobility conditions is almost identical to that in Fig. 1(b).
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Figure 2 – Throughput performance (TSRS = 20 msec,  = 0.0)
Figure 3 shows a throughput performance comparison for TSRS = 20 msec and  = 0.5. From Fig. 3(a), the tendency in a low mobility case is almost identical to that in Fig. 2(a). However, Fig. 3(b) shows that the throughput performance of the closed-loop precoding is the highest compared to those for STBC and the single antenna transmission due to a high spatial correlation such as  = 0.5.
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Figure 3 – Throughput performance (TSRS = 20 msec,  = 0.5)

4. Conclusion

This contribution addressed the potential use cases for open-loop TxD for the PUSCH in LTE-Advanced and evaluated the throughput performance among open-loop TxD (STBC), closed-loop precoding, and single antenna transmission considering AMC and HARQ. Based on the simulation results, under high mobility conditions and in a low spatial correlation scenario, some performance gain is observed by employing STBC in a relatively high SNR region. However, there is the possibility that rank adaptation may abate the performance benefit. A performance evaluation based on a system level simulation should be conducted. Therefore, we consider that further careful study is necessary to consider the introduction of open-loop TxD to the PUSCH.
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