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Background
[bookmark: _Hlk84866164]During RAN#102-e meeting, WF [1] on NTN satellite demodulation was approved. In this contribution, we share our views about NTN satellite PUCCH demodulation requirements.
Discussion
PUCCH
Scope of PUCCH requirements
	Agreements
· In addition to PUCCH format 0/1/2/3/4, RAN4 to define NTN multi-slot PUCCH demodulation requirements
· Prioritize UCI with HARQ on PUCCH demodulation requirement



For PUCCH format 0, both 1 symbol and 2 symbol cases are defined for the legacy BS requirement. To reduce the test effort, we propose to only select one case for NTN performance requirements definition. 2 symbol case is preferred considering more sufficient link budget comparing to the 1 symbol case. In addition, ACK missed detection probability <1% can be reused as the test metric from the legacy BS requirements.
For PUCCH format 1, the test metric can be reused from the legacy BS requirements, i.e. NACK to ACK probability<0.1%, ACK missed detection probability <1%.
For PUCCH format 2, there are two cases for the testing with different UCI information bits for the legacy BS requirement. For the first case with test metric of ACK missed detection probability <1%, the test configuration can be reused directly. For the other case with the metric of UCI BLER<1%, as per agreement achieved in last meeting, only UCI with HARQ should be considered, so an addition note should be added that The UCI information does not contain CSI part 1 and CSI part 2. From our understanding, this test configuration is used for test only to ensure the test coverage.
For PUCCH format 3, the test metric can be reused from the legacy BS requirements, i.e. UCI BLER<1%. Addition note should be added that The UCI information does not contain CSI part 1 and CSI part 2. From our understanding, this test configuration is used for test only to ensure the test coverage. Also, there are two test cases with different time and frequency resource configuration (1 PRB with 14 symbol and 3PRB with 4 symbol). To reduce the test effort, we propose to only select one case for NTN performance requirements definition. 1 PRB with 14 symbol case is preferred with the additional DMRS configuration disabled.
For PUCCH format 4, the test metric can be reused from the legacy BS requirements, i.e. UCI BLER<1%. Addition note should be added that The UCI information does not contain CSI part 1 and CSI part 2. From our understanding, this test configuration is used for test only to ensure the test coverage. In addition, the additional DMRS configuration can be disabled to reduce the test effort.
For NTN PUCCH performance requirements definition, use the test configuration as shown in Table 3-1 to Table 3-7.
1.1.1 SCS/CBW set for PUCCH requirements
	Candidate options
· Option 1: 15kHz SCS: 5MHz/10MHz/20MHz, 30kHz SCS: 10MHz/20MHz  
· Option 2: a few of PRBs for all SCS



In last meeting, Option 2 is proposed by companies to reduce the test effort. We notice that for different bandwidth with other test configuration same, there is nearly same simulation results, so we think there is negligible influence on performance for different bandwidth. Therefore, only 5MHz requirements for 15kHz SCS and 10MHz requirements for 30kHz is enough.
Only define 5MHz requirements for 15kHz SCS and 10MHz requirements for 30kHz for NTN PUCCH performance requirements.
1.1.2 Antenna configuration for PUCCH requirements
	Agreements
· UE 1Tx
· SAN 2Rx
Candidate options
· FFS: SAN 1Rx, SAN 4Rx and SAN 8Rx



For legacy BS performance requirements for PUCCH, except for multi-slot PUCCH, 2Rx/4RX/8Rx cases are defined with applicability rule that lowest and highest of supported Rx number shall be tested based on manufacture declaration. Similar method can be considered for NTN performance requirement definition to give manufacture more flexible to only test the configurations they support. Also considering that companies have concern about the test effort, we propose to apply the above applicability with the modification that only highest of supported Rx number shall be tested based on manufacture declaration rather than both lowest and highest.
[bookmark: _Hlk100253490][bookmark: _Hlk100256069]Also consider SAN 4Rx and 8Rx for NTN PUCCH requirements definition except multi-slot PUCCH. Applicability rule can be defined so that only highest of supported Rx number shall be tested based on manufacture declaration.
Proposals
In this contribution, we discuss on satellite PUCCH demodulation requirements for NTN. Our observations and proposals are:
1. For NTN PUCCH performance requirements definition, use the test configuration as shown in Table 3-1 to Table 3-7.
Table 3-1 PUCCH 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%



[bookmark: _Hlk100258832]Table 3-2 PUCCH 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 3-3 PUCCH format 2
	Parameter
	Value

	PUCCH format
	2

	Modulation order
	QSPK

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	N/A 

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

	Number of PRBs
	4

	Number of symbols 
	1

	The number of UCI information bits
	4

	First symbol
	13

	DM-RS sequence generation
	NID0=0

	Cyclic Prefix
	Normal

	Channel model
	NTN-TDLA100-200

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



Table 3-4 PUCCH 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 3-5 PUCCH 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 3-6 PUCCH 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 3-7 PUCCH 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%



Only define 5MHz requirements for 15kHz SCS and 10MHz requirements for 30kHz for NTN PUCCH performance requirements.
Also consider SAN 4Rx and 8Rx for NTN PUCCH requirements definition except multi-slot PUCCH. Applicability rule can be defined so that only highest of supported Rx number shall be tested based on manufacture declaration.
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