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1. Introduction

At the previous RAN1#60 meeting in San Francisco, the need for an orthogonal cover code (OCC) on the uplink demodulation reference signal (DM-RS) for SU/MU-MIMO was discussed [1]. However, a conclusion has not yet been reached. Therefore, this contribution presents our simulation results to clarify the gain by using an OCC to encourage progress on this issue.
2. Simulation Evaluation to Clarify Gain by Using OCC
In this section, we present simulation results that clarify the gain using an OCC in addition to the existing cyclic shift (CS). Table 1 gives the simulation assumptions in this evaluation. We employ 2-by-2 or 4-by-4 SU-MIMO transmission. The transmission bandwidth per UE is set to 0.72 or 1.8 MHz (= 4 or 10 RBs). We assume a six-ray Typical Urban (TU) channel model except for Fig. 6 with the fading maximum Doppler frequency, fD, of 5.55 Hz. Only in Fig. 6, the Pedestrian A (PA) channel model is used. At the eNB, minimum mean square error (MMSE) signal detection is employed, and the channel gain for each transmitter/receiver antenna branch is actually estimated using the DM-RS within the subframe.
Table 1 – Simulation parameters
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2.1
Average BLER Performance

Figure 1 shows the average block error rate (BLER) performance comparison between the orthogonal DM-RS multiplexing schemes using CS only and the combination of CS and OCC (CS + OCC) in the case of 2-by-2 MIMO and the Tx bandwidth of 4 RBs. Figures 1(a) and 1(b) show the BLER performance levels using 16QAM and 64QAM modulation, respectively, with the channel coding rate of R = 1/2 as a function of the average received signal energy per symbol-to-noise power spectrum density ratio (Es/N0) per receiver branch. Moreover, the BLER performance assuming the ideal channel estimation is also plotted as a reference. Figures 1(a) and 1(b) show that very similar performance levels are observed between both DM-RS multiplexing schemes irrespective of the modulation schemes. Figure 2 shows the average BLER performance comparison in the case of 2-by-2 MIMO and the Tx bandwidth of 10 RBs. Compared to Fig. 1, Fig. 2 shows the same tendency.
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(a) 16QAM, R = 1/2                                           (b) 64QAM, R = 1/2
Figure 1 – BLER performance comparison (2-by-2 MIMO, 4 RBs)
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(a) 16QAM, R = 1/2                                           (b) 64QAM, R = 1/2

Figure 2 – BLER performance comparison (2-by-2 MIMO, 10 RBs)

Next, Fig. 3 shows the average BLER performance comparison in the case of 4-by-4 MIMO and the Tx bandwidth of 4 RBs. Figures 3(a) and 3(b) show the BLER performance using 16QAM and 64QAM modulation, respectively, as a function of the average received Es/N0 per receiver branch. Figure 3(a) shows that the BLER performance using CS only is slightly degraded compared to that using CS + OCC. On the other hand, Fig. 3(b) shows that the BLER performance using CS only is significantly degraded compared to that using CS + OCC due to the inter-layer interference on the DM-RS. Figure 4 shows the average BLER performance comparison in the case of 4-by-4 MIMO and the Tx bandwidth of 10 RBs. Compared to Fig. 3, Fig. 4 shows the same tendency.
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(a) 16QAM, R = 1/2                                           (b) 64QAM, R = 1/2

Figure 3 – BLER performance comparison (4-by-4 MIMO, 4 RBs)
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(a) 16QAM, R = 1/2                                           (b) 64QAM, R = 1/2
Figure 4 – BLER performance comparison (4-by-4 MIMO, 10 RBs)

2.2
Throughput Performance

Figures 5 and 6 show a throughput performance comparison between the orthogonal DM-RS multiplexing schemes using CS only and the combination of CS and OCC (CS + OCC) using QPSK, 16QAM, and 64QAM modulation with the channel coding rate of R = 1/3, 1/2, 2/3 and 3/4 as a function of the average received Es/N0 per receiver branch. Figures 5(a) and 5(b) show the throughput performance in the case of 4-by-4 MIMO in the TU channel model (r.m.s. delay spread = 1.06 sec) when the Tx bandwidth is 4 RBs and 10 RBs, respectively. The figures confirm that a clear gain in the throughput performance is obtained by using the OCC especially when the average received Es/N0 is greater than 20 dB. Similarly, Figs. 6(a) and 6(b) show the throughput performance in the PA channel model with a very small r.m.s. delay spread (= 0.045 sec). The figures show that the performance gain from the OCC is still observed even in the propagation channel environment with the small delay spread.
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Figure 5 – Throughput performance comparison (4-by-4 MIMO, TU channel)
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Figure 6 – Throughput performance comparison (4-by-4 MIMO, PA channel)
According to the simulation results, our views on UL DM-RS multiplexing are as follows.
· Introduce the OCC for SU-MIMO when the number of layers per UE is greater than 2.
· It should be possible to use the OCC for MU-MIMO especially to support the number of total layers of greater than 2.
3. Views on Sequence/Group Hopping
As shown in Fig. 7, orthogonality of the CS and OCC is achieved irrespective of sequence/group hopping on the UL DM-RS when the transmission bandwidth for each layer is the same. This is because the same RS sequence pattern is used between layers when the transmission bandwidth, i.e., RS sequence length, is the same as shown in Fig. 7(a). On the other hand, when the transmission bandwidth is different between layers, the orthogonality of the CS and OCC is not achieved due to the use of different RS sequence patterns between layers as shown in Fig. 7(b). Therefore, assuming the SU-MIMO or the same MU-MIMO operation as Rel. 8 LTE with the assignment of the same bandwidth to each UE, we believe that application of sequence/group hopping is not a reason to avoid using the OCC.
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Figure 7 – Orthogonality of OCC when applying sequence/group hopping

4. Conclusion

This contribution presented our simulation results to clarify the gain by introducing OCC to UL DM-RS for supporting SU/MU-MIMO in LTE-Advanced. Based on the simulation results, our views on UL DM-RS multiplexing are as follows.

· Introduce the OCC for SU-MIMO when the number of layers per UE is greater than 2.
· It should be possible to use the OCC for MU-MIMO especially to support the number of total layers of greater than 2.
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