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Introduction
The PUSCH simulation assumptions for supporting Cat-M UEs were agreed in RAN4#78 [1]. In this paper, we provided the updated ideal Cat-M PUSCH link level simulation results based on the agreed PUSCH simulation assumptions [2] as well as the practical Cat-M PUSCH link level simulation results.
Simulation Assumptions
The simulation assumptions for Cat-M PUSCH requirements were provided in [1] (as shown in Table 1) for 

Table 1	Parameter for PUSCH.
	Parameters
	Values

	
	CE Mode A
	CE Mode B

	Maximum number of HARQ transmissions
	4
	2

	RV sequences
	{0, 2, 3, 1, 0, 2, 3, 1,…}
	{0, 0, 0, 0, 2, 2, 2, 2, 3, 3, 3, 3, 1, 1, 1, 1,…}

	Uplink-downlink allocation for TDD
	Configuration 1 (2:2)
	Configuration 1 (2:2)

	Propagation conditions
	EPA5
	ETU1 

	Number of Tx antennas
	1
	1

	Number of Rx antennas 
	2
	2

	Antenna correlation
	Low
	Low

	Channel bandwidth (MHz)
	3, 5, 10, 15, 20
	3, 5, 10, 15, 20

	Cyclic prefix
	Normal
	Normal

	Number of PUSCH repetitions
	8
	256

	Frequency hopping interval
	4: FDD
5: TDD
	4: FDD
5: TDD

	MCS
	1/3 QPSK (See Table 2)
	1/3 QPSK (See Table 2)



Table 2	FRCs for PUSCH. 
	Reference channel
	1/3 QSPK for CE Mode A
	1/3 QPSK for CE Mode B

	Allocated resource blocks
	6
	1

	DFT-OFDM Symbols per subframe
	12
	12

	Modulation
	QPSK
	QPSK

	Code rate
	1/3
	1/3

	Payload size (bits)
	600
	104

	Transport block CRC (bits)
	24
	24

	Code block CRC size (bits)
	0
	0

	Number of code blocks - C
	1
	1

	Coded block size including 12bits trellis termination (bits)
	1884
	296

	Total number of bits per sub-frame
	1728
	288

	Total symbols per sub-frame
	864
	144




Ideal Simulation Results
[bookmark: _GoBack]Table 3-1 Minimum requirements for PUSCH, 3 MHz Channel Bandwidth for CEModeA, 1Tx
	Number of RX antennas

	Cyclic prefix
	Frequency Hopping
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	SNR
[dB]

	2
	Normal
	1
	EPA 5Hz Low
	Ax-1
	70%
	-8.5



Table 3-2 Minimum requirements for PUSCH, 5 MHz Channel Bandwidth for CEModeA, 1Tx
	Number of RX antennas

	Cyclic prefix
	Frequency Hopping
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	SNR
[dB]

	2
	Normal
	1
	EPA 5Hz Low
	Ax-1
	70%
	-8.6



Table 3-3 Minimum requirements for PUSCH, 10 MHz Channel Bandwidth for CEModeA, 1Tx
	Number of RX antennas

	Cyclic prefix
	Frequency Hopping
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	SNR
[dB]

	2
	Normal
	1
	EPA 5Hz Low
	Ax-1
	70%
	-9.3



Table 3-4 Minimum requirements for PUSCH, 15 MHz Channel Bandwidth for CEModeA, 1Tx
	Number of RX antennas

	Cyclic prefix
	Frequency Hopping
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	SNR
[dB]

	2
	Normal
	1
	EPA 5Hz Low
	Ax-1
	70%
	-9.4



Table 3-5 Minimum requirements for PUSCH, 20 MHz Channel Bandwidth for CEModeA, 1Tx
	Number of RX antennas

	Cyclic prefix
	Frequency Hopping
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	SNR
[dB]

	2
	Normal
	1
	EPA 5Hz Low
	Ax-1
	70%
	-9.5



Table 3-6 Minimum requirements for PUSCH, 3 MHz Channel Bandwidth for CEModeB, 1Tx
	Number of RX antennas
	Cyclic prefix
	Frequency Hopping
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	SNR
[dB]

	2
	Normal
	1
	ETU 1Hz Low
	Ax-2
	70%
	-19.9



Table 3-7 Minimum requirements for PUSCH, 5 MHz Channel Bandwidth for CEModeB, 1Tx
	Number of RX antennas
	Cyclic prefix
	Frequency Hopping
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	SNR
[dB]

	2
	Normal
	1
	ETU 1Hz Low
	Ax-2
	70%
	-19.9



Table 3-8 Minimum requirements for PUSCH, 10 MHz Channel Bandwidth for CEModeB, 1Tx
	Number of RX antennas
	Cyclic prefix
	Frequency Hopping
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	SNR
[dB]

	2
	Normal
	1
	ETU 1Hz Low
	Ax-2
	70%
	-19.9



Table 3-9 Minimum requirements for PUSCH, 15 MHz Channel Bandwidth for CEModeB, 1Tx
	Number of RX antennas
	Cyclic prefix
	Frequency Hopping
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	SNR
[dB]

	2
	Normal
	1
	ETU 1Hz Low
	Ax-2
	70%
	-19.9



Table 3-10 Minimum requirements for PUSCH, 20 MHz Channel Bandwidth for CEModeB, 1Tx
	Number of RX antennas
	Cyclic prefix
	Frequency Hopping
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	SNR
[dB]

	2
	Normal
	1
	ETU 1Hz Low
	Ax-2
	70%
	-20.0




Practical Simulation Results
Table 4-1 Minimum requirements for PUSCH, 3 MHz Channel Bandwidth for CEModeA, 1Tx
	Number of RX antennas

	Cyclic prefix
	Frequency Hopping
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	SNR
[dB]

	2
	Normal
	1
	EPA 5Hz Low
	Ax-1
	70%
	-6.5



Table 4-2 Minimum requirements for PUSCH, 5 MHz Channel Bandwidth for CEModeA, 1Tx
	Number of RX antennas

	Cyclic prefix
	Frequency Hopping
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	SNR
[dB]

	2
	Normal
	1
	EPA 5Hz Low
	Ax-1
	70%
	-6.6



Table 4-3 Minimum requirements for PUSCH, 10 MHz Channel Bandwidth for CEModeA, 1Tx
	Number of RX antennas

	Cyclic prefix
	Frequency Hopping
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	SNR
[dB]

	2
	Normal
	1
	EPA 5Hz Low
	Ax-1
	70%
	-7.3



Table 4-4 Minimum requirements for PUSCH, 15 MHz Channel Bandwidth for CEModeA, 1Tx
	Number of RX antennas

	Cyclic prefix
	Frequency Hopping
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	SNR
[dB]

	2
	Normal
	1
	EPA 5Hz Low
	Ax-1
	70%
	-7.4



Table 4-5 Minimum requirements for PUSCH, 20 MHz Channel Bandwidth for CEModeA, 1Tx
	Number of RX antennas

	Cyclic prefix
	Frequency Hopping
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	SNR
[dB]

	2
	Normal
	1
	EPA 5Hz Low
	Ax-1
	70%
	-7.5







Table 4-6 Minimum requirements for PUSCH, 3 MHz Channel Bandwidth for CEModeB, 1Tx
	Number of RX antennas
	Cyclic prefix
	Frequency Hopping
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	SNR
[dB]

	2
	Normal
	1
	ETU 1Hz Low
	Ax-2
	70%
	-17.9



Table 4-7 Minimum requirements for PUSCH, 5 MHz Channel Bandwidth for CEModeB, 1Tx
	Number of RX antennas
	Cyclic prefix
	Frequency Hopping
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	SNR
[dB]

	2
	Normal
	1
	ETU 1Hz Low
	Ax-2
	70%
	-17.9



Table 4-8 Minimum requirements for PUSCH, 10 MHz Channel Bandwidth for CEModeB, 1Tx
	Number of RX antennas
	Cyclic prefix
	Frequency Hopping
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	SNR
[dB]

	2
	Normal
	1
	ETU 1Hz Low
	Ax-2
	70%
	-17.9



Table 4-9 Minimum requirements for PUSCH, 15 MHz Channel Bandwidth for CEModeB, 1Tx
	Number of RX antennas
	Cyclic prefix
	Frequency Hopping
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	SNR
[dB]

	2
	Normal
	1
	ETU 1Hz Low
	Ax-2
	70%
	-17.9



Table 4-10 Minimum requirements for PUSCH, 20 MHz Channel Bandwidth for CEModeB, 1Tx
	Number of RX antennas
	Cyclic prefix
	Frequency Hopping
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	SNR
[dB]

	2
	Normal
	1
	ETU 1Hz Low
	Ax-2
	70%
	-18.0




Summary
In this contribution, we provided the updated ideal and also the practical level simulation assumptions for Cat-M PUSCH performance requirements. We suggest these results be considered in defining the Cat-M1 PUSCH performance requirements.
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