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Background
[bookmark: _Hlk101021787]During RAN4#102-e meeting, WF [1] on NTN SAN demodulation requirements was approved. In this contribution, we provide our initial simulation results about the NTN PUCCH demodulation requirements.
Simulation
PUCCH format 0
[bookmark: _Hlk78819859][bookmark: _Hlk101021843]Here we provide the initial simulation results for PDCCH format 0 for alignment, as shown in Table 2.1-2 and Figure 2.1-1, based on simulation assumption as shown in Table 2.1-1.
[bookmark: _Hlk101021849]Table 2.1-1 Simulation assumption for PDCCH format 0
	Parameter
	Test

	PUCCH format
	0

	Number of UCI information bits
	1

	Number of PRBs
	1

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	Enabled

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

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	12

	Channel model
	NTN-TDLA100-200

	Number of OFDM symbols
	2

	Test metric
	[bookmark: _Hlk100222227]ACK missed detection probability <1%



Table 2.1-2 Ideal simulation results for PDCCH format 0
	Case Number
	SCS (kHz)
	Bandwidth (MHz)
	Antenna configuration
	SNR (dB)

	1
	15
	5
	1x2
	0.97

	2
	15
	5
	1x4
	-3.36

	3
	15
	5
	1x8
	-6.63

	4
	30
	10
	1x2
	1.29

	5
	30
	10
	1x4
	-3.60

	6
	30
	10
	1x8
	-7.21
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Figure 2.1-1 Ideal simulation results for PDCCH format 0

PUCCH format 1
Here we provide the initial simulation results for PDCCH format 1 for alignment, as shown in Table 2.2-2 and Figure 2.2-1, based on simulation assumption as shown in Table 2.2-1.
Table 2.2-1 Simulation assumption for PDCCH format 1
	Parameter
	Test

	PUCCH format
	1

	Number of information bits
	2

	Number of PRBs
	1

	Number of symbols
	14

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	enabled

	First PRB after frequency hopping
	The largest PRB index – (nrofPRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	0

	Index of orthogonal cover code (timeDomainOCC)
	0

	Cyclic Prefix
	Normal

	Channel model
	NTN-TDLA100-200

	Test metric
	[bookmark: _Hlk100222436]NACK to ACK probability<0.1%,
ACK missed detection probability <1%



Table 2.2-2 Ideal simulation results for PDCCH format 1
	Case Number
	SCS (kHz)
	Bandwidth (MHz)
	Antenna configuration
	SNR (dB)

	
	
	
	
	ACK missed detection
	NACK to ACK

	1
	15
	5
	1x2
	-7.08
	-5.33

	2
	15
	5
	1x4
	-11.2
	-10.25

	3
	15
	5
	1x8
	-14.06
	-13.45

	4
	30
	10
	1x2
	-6.36
	-4.00

	5
	30
	10
	1x4
	-11.22
	-9.00

	6
	30
	10
	1x8
	-14.59
	-13.07
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PUCCH format 2
Here we provide the initial simulation results for PDCCH format 2 for alignment, as shown in Table 2.3-2 and Figure 2.3-1, based on simulation assumption as shown in Table 2.3-1.
Table 2.3-1 Simulation assumption for PDCCH format 2
	Parameter
	Value 

	PUCCH format
	2

	Modulation order
	QSPK

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	enabled

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

	Number of PRBs
	9

	Number of symbols
	2

	The number of UCI information bits
	22

	First symbol
	12

	DM-RS sequence generation
	NID0=0

	Cyclic Prefix
	Normal

	Channel model
	NTN-TDLA100-200

	Test metric
	UCI block error probability<1%



Table 2.3-2 Ideal simulation results for PDCCH format 2
	Case Number
	SCS (kHz)
	Bandwidth (MHz)
	Antenna configuration
	SNR (dB)

	1
	15
	5
	1x2
	-2.00

	2
	15
	5
	1x4
	-6.46

	3
	15
	5
	1x8
	-9.94

	4
	30
	10
	1x2
	-1.98

	5
	30
	10
	1x4
	-6.16

	6
	30
	10
	1x8
	-9.40
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Figure 2.3-1 Ideal simulation results for PDCCH format 2
PUCCH format 3
Here we provide the initial simulation results for PDCCH format 3 for alignment, as shown in Table 2.4-2 and Figure 2.4-1, based on simulation assumption as shown in Table 2.4-1.
Table 2.4-1 Simulation assumption for PDCCH format 3
	Parameter
	Value

	PUCCH format
	3

	Modulation order
	QPSK

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	enabled

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

	Group and sequence hopping
	neither

	Hopping ID
	0

	Number of PRBs
	1

	Number of symbols
	14

	The number of UCI information bits
	16

	First symbol
	0

	Cyclic Prefix
	Normal

	Additional DM-RS configuration
	No additional DM-RS 

	Channel model
	NTN-TDLA100-200

	Test metric
	UCI block error probability<1%



Table 2.4-2 Ideal simulation results for PDCCH format 3
	Case Number
	SCS (kHz)
	Bandwidth (MHz)
	Antenna configuration
	SNR (dB)

	1
	15
	5
	1x2
	-2.28

	2
	15
	5
	1x4
	-6.44

	3
	15
	5
	1x8
	-9.58

	4
	30
	10
	1x2
	0.00

	5
	30
	10
	1x4
	-5.14

	6
	30
	10
	1x8
	-9.00
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PUCCH format 4
Here we provide the initial simulation results for PDCCH format 4 for alignment, as shown in Table 2.5-2 and Figure 2.5-1, based on simulation assumption as shown in Table 2.5-1.
Table 2.5-1 Simulation assumption for PDCCH format 4
	Parameter
	Value

	PUCCH format
	4

	Modulation order
	QPSK

	First PRB prior to frequency hopping
	0

	Number of PRBs
	1

	Intra-slot frequency hopping
	enabled

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

	Group and sequence hopping
	neither

	Hopping ID
	0

	Number of symbols
	14

	The number of UCI information bits
	22

	First symbol
	0

	Length of the orthogonal cover code
	n2

	Index of the orthogonal cover code
	n0

	Cyclic Prefix
	Normal

	Additional DM-RS configuration
	No additional DMRS

	Channel model
	NTN-TDLA100-200

	Test metric
	UCI block error probability<1%



Table 2.5-2 Ideal simulation results for PDCCH format 4
	Case Number
	SCS (kHz)
	Bandwidth (MHz)
	Antenna configuration
	SNR (dB)

	1
	15
	5
	1x2
	1.94

	2
	15
	5
	1x4
	-4.00

	3
	15
	5
	1x8
	-7.65

	4
	30
	10
	1x2
	2.91

	5
	30
	10
	1x4
	-3.17

	6
	30
	10
	1x8
	-7.27
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PUCCH format 1 (multi-slot)
Here we provide the initial simulation results for PDCCH format 1 (multi-slot) for alignment, as shown in Table 2.6-2 and Figure 2.6-1, based on simulation assumption as shown in Table 2.6-1.
Table 2.6-1 Simulation assumption for PDCCH format 1 (multi-slot)
	Parameter
	Test

	PUCCH format
	1 (multi-slot)

	Number of information bits
	2

	Number of PRBs
	1

	Number of symbols
	14

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	disabled

	Inter-slot frequency hopping 
	enabled

	First PRB after frequency hopping
	The largest PRB index – (nrofPRBs – 1)

	Group and sequence hopping
	neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	0

	Index of orthogonal cover code (timeDomainOCC)
	0

	Number of slots for PUCCH repetition
	2

	Cyclic Prefix
	Normal

	Channel model
	NTN-TDLA100-200

	Test metric
	NACK to ACK probability<0.1%,
ACK missed detection probability <1%



Table 2.6-2 Ideal simulation results for PDCCH format 1 (multi-slot)
	Case Number
	SCS (kHz)
	Bandwidth (MHz)
	Antenna configuration
	SNR (dB)

	
	
	
	
	ACK missed detection
	NACK to ACK

	1
	15
	5
	1x2
	-10.44
	-9.25

	2
	30
	10
	1x2
	-10.10
	-6.33
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[bookmark: _GoBack]Conclusion
[bookmark: _Hlk101021922]In this contribution, we provide our initial simulation results on NTN PUCCH demodulation requirements.
Reference
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Figure 2.4-1 Ideal simulation results for PDCCH format 3¢
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Figure 2.5-1 Ideal simulation results for PDCCH format 4
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Figure 2.

1 Ideal simulation results for PDCCH format 1 (multi-slot)
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Figure 2.2-1 Ideal simulation results for PDCCH format 1+





