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Introduction
In this contribution, we provide PUSCH performance results for Rel-13 LC-MTC UE using simulation assumptions from [1][2]. These results can serve as the baseline for evaluating potential techniques for complexity reduction, coverage enhancement, and power consumption reduction. 
2
Summary of PUSCH Performance
Table 1 summarizes PUSCH performance using simulation assumptions from [1]

 REF _Ref409619431 \n \h 
[2]. The reference case is that of PUSCH with 1-ms TTI and 1-PRB resource allocation. MCS5 is used which give 72 information bits and 24 CRC bits. Results show that the 10% BLER of the reference is at approximately 2.8 dB. Thus, the required 6, 12, and 18 dB gains corresponding to the number of repetitions required to achieve 10% BLER at SNR of -3.2, -9.2, and -15.2 dB, respectively. 
Table 1. Approximate number of required repetitions for various techniques (EPA 1 Hz).
	Required Gain (dB)
	Cross-SF Ch. Est
	Required Repetitions

	
	
	Baseline
	2X DMRS
	16-bit CRC
	8-bit CRC
	6 REs/PRB
	3 REs/PRB
	6 REs/PRB + 2X DMRS
	3 REs/PRB + 2X DMRS

	6
	1
	6
	5
	5
	5
	5
	5
	4
	3

	12
	1
	54
	46
	52
	50
	50
	53
	40
	37

	18
	1
	430
	260
	340
	300
	260
	250
	240
	242

	6
	4
	4
	4
	4
	4
	4
	4
	4
	4

	12
	4
	25
	23
	23
	20
	16
	22
	16
	18

	18
	4
	200
	128
	210
	190
	110
	160
	128
	130

	6
	8
	4
	4
	4
	4
	4
	4
	4
	4

	12
	8
	18
	18
	16
	16
	16
	16
	16
	16

	18
	8
	128
	110
	128
	128
	128
	128
	110
	110


3
PUSCH Performance

Figure 1 - Figure 24 illustrate PUSCH performance using simulation assumptions from [1]

 REF _Ref409619431 \n \h 
[2].
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Figure 1. PUSCH - MCS5, 1Tx-2Rx, EPA1, 1SF ChanEst.
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Figure 2. PUSCH - MCS5, 1Tx-2Rx, EPA1, 4SF ChanEst.
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Figure 3. PUSCH - MCS5, 1Tx-2Rx, EPA1, 8SF ChanEst.
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Figure 4. PUSCH - MCS5, 1Tx-2Rx, EPA1, 1SF ChanEst, 2X DMRS.
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Figure 5. PUSCH - MCS5, 1Tx-2Rx, EPA1, 4SF ChanEst, 2X DMRS.
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Figure 6. PUSCH - MCS5, 1Tx-2Rx, EPA1, 8SF ChanEst, 2X DMRS.
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Figure 7. PUSCH - MCS5, 1Tx-2Rx, EPA1, 1SF ChanEst, 16-bit CRC.
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Figure 8. PUSCH - MCS5, 1Tx-2Rx, EPA1, 4SF ChanEst, 16-bit CRC.
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Figure 9. PUSCH - MCS5, 1Tx-2Rx, EPA1, 8SF ChanEst, 16-bit CRC.
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Figure 10. PUSCH - MCS5, 1Tx-2Rx, EPA1, 1SF ChanEst, 8-bit CRC.
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Figure 11. PUSCH - MCS5, 1Tx-2Rx, EPA1, 4SF ChanEst, 8-bit CRC.
[image: image12.emf]-20 -15 -10 -5 0 5 10

10

-3

10

-2

10

-1

10

0

PUSCH - 10MHz, 1Tx-2Rx, EPA1, MCS5, 1 PRB

 

 

Cross-SF Channel Estimation: 8 SF, 16-bit CRC

Reference

4Tx

16Tx

64Tx

128Tx

256Tx


Figure 12. PUSCH - MCS5, 1Tx-2Rx, EPA1, 8SF ChanEst, 8-bit CRC.
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Figure 13. PUSCH - MCS5, 1Tx-2Rx, EPA1, 1SF ChanEst, 6 REs/PRB.
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Figure 14. PUSCH - MCS5, 1Tx-2Rx, EPA1, 4SF ChanEst, 6 REs/PRB.
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Figure 15. PUSCH - MCS5, 1Tx-2Rx, EPA1, 8SF ChanEst, 6 REs/PRB.
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Figure 16. PUSCH - MCS5, 1Tx-2Rx, EPA1, 1SF ChanEst, 3 REs/PRB.
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Figure 17. PUSCH - MCS5, 1Tx-2Rx, EPA1, 4SF ChanEst, 3 REs/PRB.
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Figure 18. PUSCH - MCS5, 1Tx-2Rx, EPA1, 8SF ChanEst, 3 REs/PRB.
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Figure 19. PUSCH - MCS5, 1Tx-2Rx, EPA1, 1SF ChanEst, 6 REs/PRB, 2X DMRS.
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Figure 20. PUSCH - MCS5, 1Tx-2Rx, EPA1, 4SF ChanEst, 6 REs/PRB, 2X DMRS.
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Figure 21. PUSCH - MCS5, 1Tx-2Rx, EPA1, 8SF ChanEst, 6 REs/PRB, 2X DMRS.
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Figure 22. PUSCH - MCS5, 1Tx-2Rx, EPA1, 1SF ChanEst, 3 REs/PRB, 2X DMRS.
[image: image23.emf]-15 -10 -5 0 5 10

10

-3

10

-2

10

-1

10

0

PUSCH - 10MHz, 1Tx-2Rx, EPA1, MCS5, 1 PRB

 

 

Cross-SF Channel Estimation: 4 SF, 3REs/PRB, 2X DMRS

Reference

4Tx

16Tx

64Tx

128Tx

256Tx


Figure 23. PUSCH - MCS5, 1Tx-2Rx, EPA1, 4SF ChanEst, 3 REs/PRB, 2X DMRS.
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Figure 24. PUSCH - MCS5, 1Tx-2Rx, EPA1, 8SF ChanEst, 3 REs/PRB, 2X DMRS.
4
Conclusion
In this contribution, we provide 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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