[bookmark: _Hlk43883961]3GPP TSG-RAN WG4 Meeting #104-e 	R4-2212239
Electronic meeting, 15th – 24th August, 2022

Source:	Ericsson
Title:	Simulation results for NR SAN PUCCH demodulation requirements 
Agenda item:	9.11.7.2.2
Document for:	Information
[bookmark: _Hlk43883999]
1. Introduction
[bookmark: _Hlk528680199]In the last RAN4 meeting, companies have discussions on the SAN PUCCH demodulation requirements. In this contribution, simulation results based on previous meeting WF [1] are delivered for further discussion.     

2. Simulation result
Table 2-1 Simulation parameters for NTN PUCCH 
	Parameter
	Format 0
	Format 1
	Format 2
	Format 3
	Format 4

	number of UCI information bits
	1
	2
	4
	22
	16
	22

	Number of PRBs
	1
	1
	4
	4
	1
	1

	Number of symbols
	1
	14
	1
	2
	14
	14

	First PRB prior to frequency hopping
	0
	0
	0
	0
	0
	0

	Intra-slot frequency hopping
	N/A 

	Enabled
	N/A
	Enabled
	Enabled
	Enabled

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs – 1)

	Group and sequence hopping
	neither
	neither
	Neither
	Neither
	Neither
	Neither

	Hopping ID
	0
	0
	0
	0
	0
	0

	Initial cyclic shift
	0
	0
	0
	0
	0
	

	First symbol
	13 
	0
	13
	12
	0
	0

	Index of orthogonal cover code (timeDomainOCC)
	N/A
	0
	N/A
	N/A
	N/A
	n0

	Length of the orthogonal cover code
	N/A
	N/A
	N/A
	N/A
	N/A
	N2

	Test Metric
	D2A error <1% and ACK miss <1%
	NACK -> ACK <0.1%
ACK miss <1%
	ACK miss <1%
	UCI BLER<1%
	UCI BLER<1%
	UCI BLER<1%



Table 2-2.1 Simulation results for NTN PUCCH PF0 with 15kHz SCS
	Number
	Number of
	Propagation conditions and
	Number of PUSCH PRB
	

	of TX antennas
	RX antennas
	correlation matrix 

	
	SNR [dB]

	1
	1
	NTN-TDLA100-200
	4
	15.3

	
	
	NTN-TDLC10-200
	4
	12.7

	1
	2
	NTN-TDLA100-200
	4
	6.9

	
	
	NTN-TDLC10-200
	4
	4.6



Table 2-2.2 Simulation results for NTN PUCCH PF0 with 30kHz SCS
	Number
	Number of
	Propagation conditions and
	Number of PUSCH PRB
	

	of TX antennas
	RX antennas
	correlation matrix 

	
	SNR [dB]

	1
	1
	NTN-TDLA100-200
	4
	16

	
	
	NTN-TDLC10-200
	4
	12

	1
	2
	NTN-TDLA100-200
	4
	6.9

	
	
	NTN-TDLC10-200
	4
	4.7



Table 2-3.1 Simulation results for NTN PUCCH PF1 with 15kHz SCS, NACK->ACK <0.1%
	Number
	Number of
	Propagation conditions and
	Number of PUSCH PRB
	

	of TX antennas
	RX antennas
	correlation matrix 

	
	SNR [dB]

	1
	1
	NTN-TDLA100-200
	4
	-2.3

	
	
	NTN-TDLC10-200
	4
	-2.4

	1
	2
	NTN-TDLA100-200
	4
	-7.4

	
	
	NTN-TDLC10-200
	4
	-7.9



Table 2-3.2 Simulation results for NTN PUCCH PF1 with 30kHz SCS, NACK->ACK <0.1%
	Number
	Number of
	Propagation conditions and
	Number of PUSCH PRB
	

	of TX antennas
	RX antennas
	correlation matrix 

	
	SNR [dB]

	1
	1
	NTN-TDLA100-200
	4
	0.6

	
	
	NTN-TDLC10-200
	4
	-1.8

	1
	2
	NTN-TDLA100-200
	4
	-6.2

	
	
	NTN-TDLC10-200
	4
	-7.6



Table 2-4.1 Simulation results for NTN PUCCH PF1 with 15kHz SCS, ACK miss <1%
	Number
	Number of
	Propagation conditions and
	Number of PUSCH PRB
	

	of TX antennas
	RX antennas
	correlation matrix 

	
	SNR [dB]

	1
	1
	NTN-TDLA100-200
	4
	0.2

	
	
	NTN-TDLC10-200
	4
	-0.4

	1
	2
	NTN-TDLA100-200
	4
	-6.2

	
	
	NTN-TDLC10-200
	4
	-6.5



Table 2-4.2 Simulation results for NTN PUCCH PF1 with 30kHz SCS, ACK miss <1%
	Number
	Number of
	Propagation conditions and
	Number of PUSCH PRB
	

	of TX antennas
	RX antennas
	correlation matrix 

	
	SNR [dB]

	1
	1
	NTN-TDLA100-200
	4
	2.7

	
	
	NTN-TDLC10-200
	4
	1

	1
	2
	NTN-TDLA100-200
	4
	-4.1

	
	
	NTN-TDLC10-200
	4
	-5.8



Table 2-5.1 Simulation results for NTN PUCCH PF2 with 15kHz SCS, ACK miss <1%
	Number
	Number of
	Propagation conditions and
	Number of PUSCH PRB
	

	of TX antennas
	RX antennas
	correlation matrix 

	
	SNR [dB]

	1
	1
	NTN-TDLA100-200
	4
	12.7

	
	
	NTN-TDLC10-200
	4
	11

	1
	2
	NTN-TDLA100-200
	4
	3

	
	
	NTN-TDLC10-200
	4
	0.4



Table 2-5.2 Simulation results for NTN PUCCH PF2 with 30kHz SCS, ACK miss <1%
	Number
	Number of
	Propagation conditions and
	Number of PUSCH PRB
	

	of TX antennas
	RX antennas
	correlation matrix 

	
	SNR [dB]

	1
	1
	NTN-TDLA100-200
	4
	11

	
	
	NTN-TDLC10-200
	4
	10.4

	1
	2
	NTN-TDLA100-200
	4
	3.1

	
	
	NTN-TDLC10-200
	4
	0.6



Table 2-6.1 Simulation results for NTN PUCCH PF2 with 15kHz SCS, UCI BLER <1%
	Number
	Number of
	Propagation conditions and
	Number of PUSCH PRB
	

	of TX antennas
	RX antennas
	correlation matrix 

	
	SNR [dB]

	1
	1
	NTN-TDLA100-200
	4
	9.2

	
	
	NTN-TDLC10-200
	4
	10.9

	1
	2
	NTN-TDLA100-200
	4
	2.7

	
	
	NTN-TDLC10-200
	4
	2.7



Table 2-6.2 Simulation results for NTN PUCCH PF2 with 30kHz SCS, UCI BLER <1%
	Number
	Number of
	Propagation conditions and
	Number of PUSCH PRB
	

	of TX antennas
	RX antennas
	correlation matrix 

	
	SNR [dB]

	1
	1
	NTN-TDLA100-200
	4
	11.7

	
	
	NTN-TDLC10-200
	4
	10.9

	1
	2
	NTN-TDLA100-200
	4
	4.5

	
	
	NTN-TDLC10-200
	4
	2.8




Table 2-7.1 Simulation results for NTN PUCCH PF3 with 15kHz SCS, UCI BLER <1%
	Number
	Number of
	Propagation conditions and
	Number of PUSCH PRB
	

	of TX antennas
	RX antennas
	correlation matrix 

	
	SNR [dB]

	1
	1
	NTN-TDLA100-200
	4
	4

	
	
	NTN-TDLC10-200
	4
	3.7

	1
	2
	NTN-TDLA100-200
	4
	-2.5

	
	
	NTN-TDLC10-200
	4
	-2.8



Table 2-7.2 Simulation results for NTN PUCCH PF3 with 30kHz SCS, UCI BLER <1%
	Number
	Number of
	Propagation conditions and
	Number of PUSCH PRB
	

	of TX antennas
	RX antennas
	correlation matrix 

	
	SNR [dB]

	1
	1
	NTN-TDLA100-200
	4
	6.9

	
	
	NTN-TDLC10-200
	4
	5

	1
	2
	NTN-TDLA100-200
	4
	-0.4

	
	
	NTN-TDLC10-200
	4
	-2.3



Table 2-8.1 Simulation results for NTN PUCCH PF4 with 15kHz SCS, UCI BLER <1%
	Number
	Number of
	Propagation conditions and
	Number of PUSCH PRB
	Additional DM-RS pos
	

	of TX antennas
	RX antennas
	correlation matrix 

	
	
	SNR [dB]

	1
	1
	NTN-TDLA100-200
	4
	Pos0
	6.8

	
	
	
	
	Pos1
	6.8

	
	
	NTN-TDLC10-200
	4
	Pos0
	6.3

	
	
	
	
	Pos1
	6.6

	1
	2
	NTN-TDLA100-200
	4
	Pos0
	0.2

	
	
	
	
	Pos1
	-0.4

	
	
	NTN-TDLC10-200
	4
	Pos0
	-0.1

	
	
	
	
	Pos1
	-0.7



Table 2-8.2 Simulation results for NTN PUCCH PF4 with 30kHz SCS, UCI BLER <1%
	Number
	Number of
	Propagation conditions and
	Number of PUSCH PRB
	Additional DM-RS pos
	

	of TX antennas
	RX antennas
	correlation matrix 

	
	
	SNR [dB]

	1
	1
	NTN-TDLA100-200
	4
	Pos0
	9.5

	
	
	
	
	Pos1
	9.5

	
	
	NTN-TDLC10-200
	4
	Pos0
	7.7

	
	
	
	
	Pos1
	7.6

	1
	2
	NTN-TDLA100-200
	4
	Pos0
	2.2

	
	
	
	
	Pos1
	1.8

	
	
	NTN-TDLC10-200
	4
	Pos0
	0.2

	
	
	
	
	Pos1
	-0.3





3. Conclusions
Simulation results for SAN PUCCH demodulation requirements are delivered. 
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Annex A Channel model for NTN simulation
Table A-1 NTN-TDLA RMS delay spread (resolution 5ns)
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution
	Delay spread 

	
	
	
	
	100ns
	150ns
	200ns

	1
	0
	0
	Rayleigh
	0
	0
	0

	2
	1.0811
	-4.675
	Rayleigh
	110
	160
	215

	3
	2.8416
	-6.482
	Rayleigh
	285
	425
	570



Table A-2 NTN-TDLC10 delay profile (resolution 5ns)
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	-0.394
	LOS path

	
	0
	-3.62
	Rayleigh

	2
	80
	-16.37
	Rayleigh

	NOTE:	The first tap follows a Ricean distribution with a K-factor of K1 = 3 dB and a mean power of 0 dB.





