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1 Introduction
In RAN4 #57AH meeting, the simulation assumptions for UL MIMO PUSCH performance requirements were approved in [1]. According to the time plan for UL MIMO [2], the companies are invited to provide simulation alignment results from this RAN4 meeting.
This contribution contains simulation alignment results for UL MIMO PUSCH performance requirements. 
2 Simulation assumption

The simulation assumption and test cases for PUSCH can be found in [1]. We focus on the rank 2 simulation, using EPA5 as channel model according to [3]. Since one codeword is mapped to one layer for 2 Tx antennas transmission, we reused R8/9 FRC for PUSCH simulation [4].
3 Alignment results

We provide the rank-2 performance results for 2Tx PUSCH transmission, covering FDD mode, without impairment margin as following.
Table 1 Minimum requirements for PUSCH, 1.4 MHz Channel Bandwidth

	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and Correlation Matrix [4]
	FRC
(Annex)
	Fraction of  maximum throughput
	SNR

[dB]

	2
	2
	Normal
	EPA 5Hz Low
	A3-2
	70%
	2.3

	
	
	
	
	A4-3
	70%
	14.2

	
	
	
	
	A5-2
	70%
	23.1

	
	4
	Normal
	EPA 5Hz Low
	A3-2
	70%
	-1.6

	
	
	
	
	A4-3
	70%
	10.3

	
	
	
	
	A5-2
	70%
	19.2


Table 2 Minimum requirements for PUSCH, 3 MHz Channel Bandwidth

	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and Correlation Matrix [4]
	FRC
(Annex)
	Fraction of  maximum throughput
	SNR

[dB]

	2
	2
	Normal
	EPA 5Hz Low
	A3-3
	70%
	1.2

	
	
	
	
	A4-4
	70%
	14.2

	
	
	
	
	A5-3
	70%
	22.0

	
	4
	Normal
	EPA 5Hz Low
	A3-3
	70%
	-2.0

	
	
	
	
	A4-4
	70%
	9.9

	
	
	
	
	A5-3
	70%
	17.5


Table 3 Minimum requirements for PUSCH, 5 MHz Channel Bandwidth

	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and Correlation Matrix [4]
	FRC
(Annex)
	Fraction of  maximum throughput
	SNR

[dB]

	2
	2
	Normal
	EPA 5Hz Low
	A3-4
	70%
	0.6

	
	
	
	
	A4-5
	70%
	16.1

	
	
	
	
	A5-4
	70%
	21.3

	
	4
	Normal
	EPA 5Hz Low
	A3-4
	70%
	-2.6

	
	
	
	
	A4-5
	70%
	9.7

	
	
	
	
	A5-4
	70%
	17.0


Table 4 Minimum requirements for PUSCH, 10 MHz Channel Bandwidth

	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and Correlation Matrix [4]
	FRC
(Annex)
	Fraction of  maximum throughput
	SNR

[dB]

	2
	2
	Normal
	EPA 5Hz Low
	A3-5
	70%
	1.1

	
	
	
	
	A4-6
	70%
	15.4

	
	
	
	
	A5-5
	70%
	22.9

	
	4
	Normal
	EPA 5Hz Low
	A3-5
	70%
	-2.5

	
	
	
	
	A4-6
	70%
	9.9

	
	
	
	
	A5-5
	70%
	17.2


Table 5 Minimum requirements for PUSCH, 15 MHz Channel Bandwidth
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and Correlation Matrix [4]
	FRC
(Annex)
	Fraction of  maximum throughput
	SNR

[dB]

	2
	2
	Normal
	EPA 5Hz Low
	A3-6
	70%
	0.8

	
	
	
	
	A4-7
	70%
	16.5

	
	
	
	
	A5-6
	70%
	23.9

	
	4
	Normal
	EPA 5Hz Low
	A3-6
	70%
	-2.9

	
	
	
	
	A4-7
	70%
	10.3

	
	
	
	
	A5-6
	70%
	17.4


Table 6 Minimum requirements for PUSCH, 20 MHz Channel Bandwidth

	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Propagation conditions and Correlation Matrix [4]
	FRC
(Annex)
	Fraction of  maximum throughput
	SNR

[dB]

	2
	2
	Normal
	EPA 5Hz Low
	A3-7
	70%
	1.2

	
	
	
	
	A4-8
	70%
	17.1

	
	
	
	
	A5-7
	70%
	24.9

	
	4
	Normal
	EPA 5Hz Low
	A3-7
	70%
	-2.6

	
	
	
	
	A4-8
	70%
	10.4

	
	
	
	
	A5-7
	70%
	18.3


4 Conclusion

This contribution presents the alignment results for the rank-2 PUSCH transmission with 2Tx antennas covering FDD mode. 
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Annex: FRCs from 36.104
A.3
 Fixed Reference Channels for performance requirements (QPSK 1/3)

Table A.3-1 FRC parameters for performance requirements (QPSK 1/3)

	Reference channel
	A3-1
	A3-2
	A3-3
	A3-4
	A3-5
	A3-6
	A3-7

	Allocated resource blocks
	1
	6
	15
	25
	50
	75
	100

	DFT-OFDM Symbols per subframe
	12
	12
	12
	12
	12
	12
	12

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3

	Payload size (bits)
	104
	600
	1544
	2216
	5160
	6712
	10296

	Transport block CRC (bits)
	24
	24
	24
	24
	24
	24
	24

	Code block CRC size (bits)
	0
	0
	0
	0
	0
	24
	24

	Number of code blocks - C
	1
	1
	1
	1
	1
	2
	2

	Coded block size including 12bits trellis termination (bits)
	396
	1884
	4716
	6732
	15564
	10188
	15564

	Total number of bits per sub-frame
	288
	1728
	4320
	7200
	14400
	21600
	28800

	Total symbols per sub-frame
	144
	864
	2160
	3600
	7200
	10800
	14400


A.4 Fixed Reference Channels for performance requirements (16QAM 3/4)

Table A.4-1 FRC parameters for performance requirements (16QAM 3/4)

	Reference channel
	A4-1
	A4-2
	A4-3
	A4-4
	A4-5
	A4-6
	A4-7
	A4-8

	Allocated resource blocks
	1
	1
	6
	15
	25
	50
	75
	100

	DFT-OFDM Symbols per subframe
	12
	10
	12
	12
	12
	12
	12
	12

	Modulation
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM

	Code rate
	3/4
	3/4
	3/4
	3/4
	3/4
	3/4
	3/4
	3/4

	Payload size (bits)
	408
	376
	2600
	6456
	10680
	21384
	32856
	43816

	Transport block CRC (bits)
	24
	24
	24
	24
	24
	24
	24
	24

	Code block CRC size (bits)
	0
	0
	0
	24
	24
	24
	24
	24

	Number of code blocks - C
	1
	1
	1
	2
	2
	4
	6
	8

	Coded block size including 12bits trellis termination (bits)
	1308
	1212
	7884
	9804
	16140
	16140
	16524
	16524

	Total number of bits per sub-frame
	576
	480
	3456
	8640
	14400
	28800
	43200
	57600

	Total symbols per sub-frame
	144
	120
	864
	2160
	3600
	7200
	10800
	14400


A.5 Fixed Reference Channels for performance requirements (64QAM 5/6)

Table A.5-1 FRC parameters for performance requirements (64QAM 5/6)

	Reference channel
	A5-1
	A5-2
	A5-3
	A5-4
	A5-5
	A5-6
	A5-7

	Allocated resource blocks
	1
	6
	15
	25
	50
	75
	100

	DFT-OFDM Symbols per subframe
	12
	12
	12
	12
	12
	12
	12

	Modulation
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM

	Code rate
	5/6
	5/6
	5/6
	5/6
	5/6
	5/6
	5/6

	Payload size (bits)
	712
	4392
	11064
	18336
	36696
	55056
	75376

	Transport block CRC (bits)
	24
	24
	24
	24
	24
	24
	24

	Code block CRC size (bits)
	0
	0
	24
	24
	24
	24
	24

	Number of code blocks - C
	1
	1
	2
	3
	6
	9
	13

	Coded block size including 12bits trellis termination (bits)
	2220
	13260
	16716
	18444
	18444
	18444
	17484

	Total number of bits per sub-frame
	864
	5184
	12960
	21600
	43200
	64800
	86400

	Total symbols per sub-frame
	144
	864
	2160
	3600
	7200
	10800
	14400
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