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1
Introduction
This contribution provides PUSCH simulation results based on the agreed simulation assumptions [1].
2
Simulation results
Table 1 and 2 present the required Es/N0 with implementation impairments for 1.4 MHz and 20 MHz channel bandwidth for 2Rx, respectively. 
Table 1 Channel bandwidth = 1.4 MHz, 2Rx
	Number of RX antennas
	Cyclic prefix
	Propagation conditions (Annex B)
	Modulation
	Fraction of nominal throughput
	Required SNR w/ IM
	Note

	2
	Normal
	EPA 5Hz
	QPSK
	30%
	-4.6
	QPSK, Full

	
	
	
	QPSK
	70%
	-0.3
	QPSK, Full

	
	
	
	16QAM
	70%
	10.0
	16QAM, Full

	
	
	
	64QAM
	70%
	16.7
	64QAM, Full

	
	
	EVA 5Hz
	QPSK
	30%
	-2.6
	QPSK, 1 RB

	
	
	
	QPSK
	70%
	1.5
	QPSK, 1 RB

	
	
	
	16QAM
	30%
	5
	16QAM, 1 RB

	
	
	
	16QAM
	70%
	11.6
	16QAM, 1 RB

	
	
	
	64QAM
	70%
	18.4
	64QAM, 1 RB

	
	
	EVA 70Hz
	QPSK
	30%
	-4.3
	QPSK, Full

	
	
	
	QPSK
	70%
	0.3
	QPSK, Full

	
	
	
	16QAM
	30%
	4.1
	16QAM, Full

	
	
	
	16QAM
	70%
	11.5
	16QAM, Full

	
	
	ETU 70Hz
	QPSK
	30%
	-2.3
	QPSK, 1 RB

	
	
	
	QPSK
	70%
	2.2
	QPSK, 1 RB

	
	
	ETU 300Hz
	QPSK
	30%
	-2.2
	QPSK, 1 RB

	
	
	
	QPSK
	70%
	2.6
	QPSK, 1 RB

	
	Extended
	ETU 70Hz
	16QAM
	30%
	5.3
	16QAM, 1 RB

	
	
	
	16QAM
	70%
	13.2
	16QAM, 1 RB


Table 2 Channel bandwidth = 20 MHz, 2Rx

	Number of RX antennas
	Cyclic prefix
	Propagation conditions (Annex B)
	Modulation
	Fraction of nominal throughput
	Required SNR w/ IM
	Note

	2
	Normal
	EPA 5Hz
	QPSK
	30%
	-4.4
	QPSK, Full

	
	
	
	QPSK
	70%
	-0.7
	QPSK, Full

	
	
	
	16QAM
	70%
	11.2
	16QAM, Full

	
	
	
	64QAM
	70%
	18.5
	64QAM, Full

	
	
	EVA 5Hz
	QPSK
	30%
	-2.6
	QPSK, 1 RB

	
	
	
	QPSK
	70%
	1.8
	QPSK, 1 RB

	
	
	
	16QAM
	30%
	5
	16QAM, 1 RB

	
	
	
	16QAM
	70%
	12.5
	16QAM, 1 RB

	
	
	
	64QAM
	70%
	19.3
	64QAM, 1 RB

	
	
	EVA 70Hz
	QPSK
	30%
	-4.4
	QPSK, Full

	
	
	
	QPSK
	70%
	-0.2
	QPSK, Full

	
	
	
	16QAM
	30%
	4.5
	16QAM, Full

	
	
	
	16QAM
	70%
	13.2
	16QAM, Full

	
	
	ETU 70Hz
	QPSK
	30%
	-2.4
	QPSK, 1 RB

	
	
	
	QPSK
	70%
	2.1
	QPSK, 1 RB

	
	
	ETU 300Hz
	QPSK
	30%
	-2.2
	QPSK, 1 RB

	
	
	
	QPSK
	70%
	2.4
	QPSK, 1 RB

	
	Extended
	ETU 70Hz
	16QAM
	30%
	5.2
	16QAM, 1 RB

	
	
	
	16QAM
	70%
	13.5
	16QAM, 1 RB


Table 3 and 4 present the required Es/N0 with implementation impairments for 5 MHz and 20 MHz channel bandwidth for 4Rx, respectively. 
Table 3 Channel bandwidth = 5 MHz, 4Rx

	Number of RX antennas
	Cyclic prefix
	Propagation conditions (Annex B)
	Modulation
	Fraction of nominal throughput
	Required SNR w/ IM
	Note

	[1] 4
	Normal
	EPA 5Hz
	QPSK
	30%
	-7.1
	QPSK, Full

	
	
	
	QPSK
	70%
	-3.7
	QPSK, Full

	
	
	
	16QAM
	70%
	7
	16QAM, Full

	
	
	
	64QAM
	70%
	13.9
	64QAM, Full

	
	
	EVA 5Hz
	QPSK
	30%
	-5.1
	QPSK, 1 RB

	
	
	
	QPSK
	70%
	-1.4
	QPSK, 1 RB

	
	
	
	16QAM
	30%
	1.7
	16QAM, 1 RB

	
	
	
	16QAM
	70%
	8.5
	16QAM, 1 RB

	
	
	
	64QAM
	70%
	15.2
	64QAM, 1 RB

	
	
	EVA 70Hz
	QPSK
	30%
	-7.1
	QPSK, Full

	
	
	
	QPSK
	70%
	-3.5
	QPSK, Full

	
	
	
	16QAM
	30%
	0.8
	16QAM, Full

	
	
	
	16QAM
	70%
	8
	16QAM, Full

	
	
	ETU 70Hz
	QPSK
	30%
	-4.9
	QPSK, 1 RB

	
	
	
	QPSK
	70%
	-1.3
	QPSK, 1 RB

	
	
	ETU 300Hz
	QPSK
	30%
	-4.8
	QPSK, 1 RB

	
	
	
	QPSK
	70%
	-1.1
	QPSK, 1 RB

	
	Extended
	ETU 70Hz
	16QAM
	30%
	1.7
	16QAM, 1 RB

	
	
	
	16QAM
	70%
	9
	16QAM, 1 RB


Table 4 Channel bandwidth = 10 MHz, 4Rx

	Number of RX antennas
	Cyclic prefix
	Propagation conditions (Annex B)
	Modulation
	Fraction of nominal throughput
	Required SNR w/ IM
	Note

	[2] 4
	Normal
	EPA 5Hz
	QPSK
	30%
	-7.2
	QPSK, Full

	
	
	
	QPSK
	70%
	-3.9
	QPSK, Full

	
	
	
	16QAM
	70%
	7
	16QAM, Full

	
	
	
	64QAM
	70%
	14
	64QAM, Full

	
	
	EVA 5Hz
	QPSK
	30%
	-4.9
	QPSK, 1 RB

	
	
	
	QPSK
	70%
	-1.4
	QPSK, 1 RB

	
	
	
	16QAM
	30%
	1.8
	16QAM, 1 RB

	
	
	
	16QAM
	70%
	8.7
	16QAM, 1 RB

	
	
	
	64QAM
	70%
	15.3
	64QAM, 1 RB

	
	
	EVA 70Hz
	QPSK
	30%
	-7.1
	QPSK, Full

	
	
	
	QPSK
	70%
	-3.4
	QPSK, Full

	
	
	
	16QAM
	30%
	1
	16QAM, Full

	
	
	
	16QAM
	70%
	8.3
	16QAM, Full

	
	
	ETU 70Hz
	QPSK
	30%
	-4.9
	QPSK, 1 RB

	
	
	
	QPSK
	70%
	-1.2
	QPSK, 1 RB

	
	
	ETU 300Hz
	QPSK
	30%
	-4.8
	QPSK, 1 RB

	
	
	
	QPSK
	70%
	-1
	QPSK, 1 RB

	
	Extended
	ETU 70Hz
	16QAM
	30%
	1.8
	16QAM, 1 RB

	
	
	
	16QAM
	70%
	9.1
	16QAM, 1 RB


Table 5 and 6 present the required Es/N0 with implementation impairments for 3 MHz and 15 MHz channel bandwidth for 2Rx, respectively. 
	Table 5 Channel bandwidth = 3 MHz, 2Rx

Number of RX antennas
	Cyclic prefix
	Propagation conditions (Annex B)
	Modulation
	Fraction of nominal throughput
	Required SNR w/ IM
	Note

	[3] 2
	Normal
	EPA 5Hz
	QPSK
	30%
	-4.7
	QPSK, Full


	
	
	
	QPSK
	70%
	-0.3
	QPSK, Full


	
	
	
	16QAM
	70%
	10.5
	16QAM, Full


	
	
	
	64QAM
	70%
	17.1
	64QAM, Full


	
	
	EVA 5Hz
	QPSK
	30%
	-2.6
	QPSK, 1 RB


	
	
	
	QPSK
	70%
	1.5
	QPSK, 1 RB


	
	
	
	16QAM
	30%
	4.9
	16QAM, 1 RB


	
	
	
	16QAM
	70%
	12
	16QAM, 1 RB


	
	
	
	64QAM
	70%
	19
	64QAM, 1 RB


	
	
	EVA 70Hz
	QPSK
	30%
	-4.3
	QPSK, Full


	
	
	
	QPSK
	70%
	0
	QPSK, Full


	
	
	
	16QAM
	30%
	4.6
	16QAM, Full


	
	
	
	16QAM
	70%
	12.5
	16QAM, Full


	
	
	ETU 70Hz
	QPSK
	30%
	-2.4
	QPSK, 1 RB


	
	
	
	QPSK
	70%
	2.1
	QPSK, 1 RB


	
	
	ETU 300Hz
	QPSK
	30%
	-2.2
	QPSK, 1 RB


	
	
	
	QPSK
	70%
	2.4
	QPSK, 1 RB


	
	Extended
	ETU 70Hz
	16QAM
	30%
	5.2
	16QAM, 1 RB


	
	
	
	16QAM
	70%





	Number of RX antennas
	Cyclic prefix
	Propagation conditions (Annex B)
	Modulation
	Fraction of nominal throughput
	Required SNR w/ IM
	Note


	[4] 2
	Normal
	EPA 5Hz
	QPSK
	30%
	-4.5
	QPSK, Full


	
	
	
	QPSK
	70%
	-0.6
	QPSK, Full


	
	
	
	16QAM
	70%
	11.1
	16QAM, Full


	
	
	
	64QAM
	70%
	18.2
	64QAM, Full


	
	
	EVA 5Hz
	QPSK
	30%
	-2.5
	QPSK, 1 RB


	
	
	
	QPSK
	70%
	1.9
	QPSK, 1 RB


	
	
	
	16QAM
	30%
	5
	16QAM, 1 RB


	
	
	
	16QAM
	70%
	12.4
	16QAM, 1 RB


	
	
	
	64QAM
	70%
	19.2
	64QAM, 1 RB


	
	
	EVA 70Hz
	QPSK
	30%
	-4.4
	QPSK, Full


	
	
	
	QPSK
	70%
	-0.2
	QPSK, Full


	
	
	
	16QAM
	30%
	4.6
	16QAM, Full


	
	
	
	16QAM
	70%
	13.2
	16QAM, Full


	
	
	ETU 70Hz
	QPSK
	30%
	-2.4
	QPSK, 1 RB


	
	
	
	QPSK
	70%
	2.2
	QPSK, 1 RB


	
	
	ETU 300Hz
	QPSK
	30%
	-2.2
	QPSK, 1 RB


	
	
	
	QPSK
	70%
	2.4
	QPSK, 1 RB


	
	Extended
	ETU 70Hz
	16QAM
	30%
	5.2
	16QAM, 1 RB


	
	
	
	16QAM
	70%
	[5] 13.5
	16QAM, 1 RB



3
Conclusions
In this contribution, we presented our simulation results for PUSCH. Required SNR with implementation margin is proposed for:

- 1.4 MHz and 20 MHz channel bandwidth for 2Rx

[6] - 5 MHz and 10 MHz channel bandwidth for 4Rx.
[7] - 3 MHz and 15 MHz channel bandwidth for 2Rx
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