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1
Introduction
In this contribution, we provide PDSCH and PUSCH performance results for Rel-13 LC-MTC UE using simulation assumptions from [1]. These results can serve as the baseline for evaluating potential techniques for complexity reduction, coverage enhancement, and power consumption reduction. 
2
PDSCH Performance
Figure 1 - Figure 2 illustrate link-level performance of the PDSCH with TTI bundling for a 10MHz FDD system. The PDSCH is transmitted using localized transmission with 6 PRBs. Multi-subframe channel estimation (filter length of 3 subframes) is used. Simulation assumptions can be found in [1].
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Figure 1. PDSCH performance for MCS0 (152 bits) with 6 PRBs – 2Tx-1Rx, EPA1, no CRS boosting.
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Figure 2. PDSCH performance for MCS3 (328 bits) with 6 PRBs – 2Tx-1Rx, EPA1, no CRS boosting.
Figure 3 shows PDSCH throughput as a function of SNR. The throughput was calculated using the 10% BLER operating SNRs from Figure 1 - Figure 2 and then reduced by a factor of 1.1 to account for the additional re-transmissions that are occasionally needed. The results show that the throughput is relatively insensitive to the MCS selection. At SNR of -4dB SNR, user throughput is approximately 40 kbps. At MCL of 155.7 dB (corresponding to 15dB coverage enhancement level), the SNR is -14.2 dB and user throughput is approximately 0.8 kbps. If MCS0 is used, this corresponds to a repetition factor of 256. 
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Figure 3. PDSCH throughput using 6 PRBs– 2Tx-1Rx, EPA1, no CRS boosting.

Figure 4 shows the actual TTI bundling gain using MCS0 compared to the expected theoretical gain. The figure shows that actual gain is significantly less than theoretical, especially at very low SNRs due to poor channel estimation performance.
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Figure 4. TTI bundling gain for MCS0 (PDSCH).

3
PUSCH Performance
Figure 5 - Figure 6 illustrate the link-level performance of the PUSCH with TTI bundling for a 10MHz FDD system. The PUSCH is transmitted using localized transmission with 1 PRB. Multi-subframe channel estimation (filter length of 3 subframes) is used.
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Figure 5. PUSCH performance for MCS5 (72 bits) – 1Tx-2Rx, EPA1.
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Figure 6. PUSCH performance for MCS9 (136 bits) – 1Tx-2Rx, EPA1.

Figure 7 shows PUSCH throughput based on results as a function of SNR. The throughput was calculated using the 10% BLER operating SNRs from Figure 5 - Figure 6 and then reduced by a factor of 1.1 to account for the additional re-transmissions that are occasionally needed. Similar to the downlink, the results show that the throughput is relatively insensitive to the MCS selection. At MCL of 140.7 dB, the SNR is -1.3 dB (using 23dBm as the maximum UE power) and the user throughput is approximately 30 kbps. At MCL of 155.7 dB, the SNR is -16.3 dB and user throughput is approximately 0.2 kbps. If MCS5 is used, this corresponds to a repetition factor of approximately 512.
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Figure 7. PUSCH throughput using 1 PRB – 1Tx-2Rx, EPA1.

Figure 8 shows the actual TTI bundling gain using MCS5 compared to the expected theoretical gain. The figure shows that actual gain is significantly less than theoretical, especially at very low SNRs due to poor channel estimation performance.
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Figure 8. TTI bundling gain for MCS5 (PUSCH).
4
Conclusion
In this contribution, we provide PDSCH and PUSCH performance results for Rel-13 LC-MTC UE. These results can serve as the baseline for evaluating potential techniques for complexity reduction, coverage enhancement, and power consumption reduction. 
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