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1
Introduction
RAN4#78 agreed the simulation assumption for PUSCH reception requirement for Cat-M1 UE [1]. We show our simulation result in this contribution.
2
Discussion
Table 1 shows the simulation parameters for PUSCH demodulation requirement for Cat-M1 UE. One difference from [1] is the RV sequence. According to RAN1 agreement, CE Mode B UE cycles RV every 4 subframes, therefore if UE can transmit PUSCH with repetition continuously, UE change RV every 4 subfraems, e.g., 0,0,0,0,2,2,2,2…
The MCS tables used for CE Mode A and B are given in Table 2. 
Table 1
PUSCH simulation parameters
	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, 0, 0, 0, 0, 2, 2, 2, 2, 3, 3, 3, 3, 1, 1, 1, 1,…}

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

	Propagation conditions
	EPA5
	Option 1: EPA1

Option 2: ETU1 

	Number of Tx antennas
	1
	1

	Number of Rx antennas 
	2, [4, 8]
	2, [4, 8]

	Antenna correlation
	Low
	Low

	Channel bandwidth (MHz)
	[1.4], 3, 5, 10, 15, 20
	[1.4], 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
PUSCH MCS for Cat-M1 UE 
	Reference channel
	Ax-1
	Ax-2

	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]


3
Simulation results
3.1
CE Mode A (FDD)
Table 3 and Table 4 show the required SNR [dB] to achieve 70% of maximum throughput assuming CE Mode A UE from the simulation result. Note Table 3 is the result with frequency hopping and Table 4 is the result without frequency hopping. 
Table 3
The required SNR [dB] to achieve 70% of maximum throughput assuming CE Mode A UE (Frequency hopping enabled).
	Channel bandwidth
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	SNR
[dB]

	3MHz
	2
	Normal
	EPA 5Hz Low
	Ax-1
	70%
	-10.4

	5MHz
	2
	Normal
	EPA 5Hz Low
	Ax-1
	70%
	-11.2

	10MHz
	2
	Normal
	EPA 5Hz Low
	Ax-1
	70%
	-11.3

	15MHz
	2
	Normal
	EPA 5Hz Low
	Ax-1
	70%
	-11.2

	20MHz
	2
	Normal
	EPA 5Hz Low
	Ax-1
	70%
	-11.3


Table 4
The required SNR [dB] to achieve 70% of maximum throughput assuming CE Mode A UE (Frequency hopping disabled). 
	Channel bandwidth
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	SNR
[dB]

	3MHz
	2
	Normal
	EPA 5Hz Low
	Ax-1
	70%
	-10.5

	5MHz
	2
	Normal
	EPA 5Hz Low
	Ax-1
	70%
	-10.5

	10MHz
	2
	Normal
	EPA 5Hz Low
	Ax-1
	70%
	-10.6

	15MHz
	2
	Normal
	EPA 5Hz Low
	Ax-1
	70%
	-10.5

	20MHz
	2
	Normal
	EPA 5Hz Low
	Ax-1
	70%
	-10.5


3.2
CE Mode B (FDD)
Table 5 and Table 6 show the required SNR [dB] to achieve 70% of maximum throughput assuming CE Mode B UE from the simulation result. Note Table 5 is the result with frequency hopping and Table 6 is the result without frequency hopping. 
Table 5
The required SNR [dB] to achieve 70% of maximum throughput assuming CE Mode B UE (Frequency hopping enabled).
	Channel bandwidth
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	SNR
[dB]

	3MHz
	2
	Normal
	EPA 1Hz Low
[ETU 1Hz Low]
	Ax-2
	70%
	-16.1

	5MHz
	2
	Normal
	EPA 1Hz Low
[ETU 1Hz Low]
	Ax-2
	70%
	-17.0

	10MHz
	2
	Normal
	EPA 1Hz Low
[ETU 1Hz Low]
	Ax-2
	70%
	-17.1

	15MHz
	2
	Normal
	EPA 1Hz Low[ETU 1Hz Low]
	Ax-2
	70%
	-17.0

	20MHz
	2
	Normal
	EPA 1Hz Low
[ETU 1Hz Low]
	Ax-2
	70%
	-17.1


Table 6
The required SNR [dB] to achieve 70% of maximum throughput assuming CE Mode B UE (Frequency hopping disalbed).
	Channel bandwidth
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex B)
	FRC
(Annex A)
	Fraction of maximum throughput
	SNR
[dB]

	3MHz
	2
	Normal
	EPA 1Hz Low
[ETU 1Hz Low]
	Ax-2
	70%
	-16.2

	5MHz
	2
	Normal
	EPA 1Hz Low
[ETU 1Hz Low]
	Ax-2
	70%
	-16.4

	10MHz
	2
	Normal
	EPA 1Hz Low
[ETU 1Hz Low]
	Ax-2
	70%
	-16.4

	15MHz
	2
	Normal
	EPA 1Hz Low[ETU 1Hz Low]
	Ax-2
	70%
	-16.3

	20MHz
	2
	Normal
	EPA 1Hz Low
[ETU 1Hz Low]
	Ax-2
	70%
	-16.2
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