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1. Introduction
In this paper, we present the simulation result for 8x8 TM9 with rank higher than 4 based on the simulation assumption agreed in [1]
2. Simulation Result
We present the TM9 8Rx performance for 5 to 8layer transmission in AWGN and EPA5 channel with low correlation. Both 64QAM and 256QAM MCS tables are considered, and the precoding matrix index is fixed to zero. Only non-CSIRS subframes were used for PDSCH transmission, and 41RBs are allocated in each subframe by omitting center 9RBs.
2.1. AWGN
Figure 1 to 4 show the throughput performance of 8x8 TM9 with rank5 to rank8 transmission in AWGN channel when 256QAM MCS table is used. It is shown that up to MCS24 can be supported with negligible BLER across all rank5 to rank8 transmission. Considering that rank4 transmission can provide at most 113Mbps in the same configuration (at MCS26), rank8 transmission can provide up to 80% of peak throughput improvement over rank4 transmission in the clean AWGN channel setup.
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Figure 1. Throughput performance of 8x8 TM9 with rank5 transmission in AWGN for different MCS under 256QAM MCS table
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Figure 2. Throughput performance of 8x8 TM9 with rank6 transmission in AWGN for different MCS under 256QAM MCS table 
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Figure 3. Throughput performance of 8x8 TM9 with rank7 transmission in AWGN for different MCS under 256QAM MCS table
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Figure 4. Throughput performance of 8x8 TM9 with rank8 transmission in AWGN for different MCS under 256QAM MCS table

Observation 1. In AWGN channel, 8x8 TM9 with rank8 transmission can provide up to 80% of throuhgput improvement over the peak throughput of the rank4 transmission when 256QAM MCS table is used.

2.2. EPA5L – 256QAM
Figure 5 to 8 show the throughput performance of 8x8 TM9 with rank5 to rank8 transmission in the EPA5 channel with low antenna correlation when 256QAM MCS table is used. It is shown that up to MCS22, 21, 17, and 16 can be supported with negligible BLER for rank5, 6, 7, and 8, respectively. Compared to the AWGN case, it is shown that the overall throughput gain that can be achieved by higher rank transmission over rank4 peak throughput is reduced to ~25%. Furthermore, it is seen that the highest throughput is achieved by rank7 transmission instead of rank8 as the rank8 transmission combined with 256QAM modulation is more susceptible to the channel estimation error in the fading channel condition.
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Figure 5. Throughput performance of 8x8 TM9 with rank5 transmission in EPA5 with low correlation for different MCS under 256QAM MCS table
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Figure 6. Throughput performance of 8x8 TM9 with rank6 transmission in EPA5 with low correlation for different MCS under 256QAM MCS table
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Figure 7. Throughput performance of 8x8 TM9 with rank7 transmission in EPA5 with low correlation for different MCS under 256QAM MCS table
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Figure 8. Throughput performance of 8x8 TM9 with rank8 transmission in EPA5 with low correlation for different MCS under 256QAM MCS table

Observation 2. In EPA5 channel with low antenna correlation, 8x8 TM9 with higher rank transmission than four can provide up to 25% of throuhgput improvement over the peak throughput of the rank4 transmission when 256QAM MCS table is used.

Observation 3. In EPA5 channel with low antenna correlation, when 256QAM MCS table is in use, 8x8 TM9 with rank8 transmission may underperform compared to the lower rank transmission due to its higher vulnerability to the channel estimation error.

2.3. EPA5L – 64QAM

Figure 9 to 12 show the throughput performance of 8x8 TM9 with rank5 to rank8 transmission in the EPA5 channel with low antenna correlation when 64QAM MCS table is used. It is shown that up to MCS26, 25, 24, and 23 can be supported with negligible BLER for rank5, 6, 7, and 8, respectively. When compared with the rank4 peak throughput of the same MCS table, i.e., 81.6Mbps at MCS26, rank8 transmission with 64QAM MCS table is shown to provide up to 60% of throughput gain. Furthermore, the maximum throughput that can be achieved by higher rank transmission with 64QAM MCS table is shown to be only 10 ~20% lower than that with 256QAM MCS table due to the robustness of lower modulation order transmissions under the fading channel.
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Figure 9. Throughput performance of 8x8 TM9 with rank5 transmission in EPA5 with low correlation for different MCS under 64QAM MCS table
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Figure 9. Throughput performance of 8x8 TM9 with rank6 transmission in EPA5 with low correlation for different MCS under 64QAM MCS table
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Figure 9. Throughput performance of 8x8 TM9 with rank7 transmission in EPA5 with low correlation for different MCS under 64QAM MCS table
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Figure 9. Throughput performance of 8x8 TM9 with rank8 transmission in EPA5 with low correlation for different MCS under 64QAM MCS table
Observation 4. In EPA5 channel with low antenna correlation, 8x8 TM9 with rank8 transmission can provide up to 60% of throuhgput improvement over the peak throughput of the rank4 transmission when 64QAM MCS table is used.

3. Conclusions

In this paper, we presented the simulation result for 8x8 TM9 transmission with rank higher than four in AWGN and EPA5 channel with low antenna correlation. Observation made based on the simulation result is summarized as follows:
Observation 1. In AWGN channel, 8x8 TM9 with rank8 transmission can provide up to 80% of throuhgput improvement over the peak throughput of the rank4 transmission when 256QAM MCS table is used.

Observation 2. In EPA5 channel with low antenna correlation, 8x8 TM9 with higher rank transmission than four can provide up to 25% of throuhgput improvement over the peak throughput of the rank4 transmission when 256QAM MCS table is used.

Observation 3. In EPA5 channel with low antenna correlation, when 256QAM MCS table is in use, 8x8 TM9 with rank8 transmission may underperform compared to the lower rank transmission due to its higher vulnerability to the channel estimation error.

Observation 4. In EPA5 channel with low antenna correlation, 8x8 TM9 with rank8 transmission can provide up to 60% of throuhgput improvement over the peak throughput of the rank4 transmission when 64QAM MCS table is used.
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