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1. Introduction
[bookmark: _Hlk528680199]In RAN4#101-bis-e meeting, discussion on NTN demodulation requirements were kicked off. Companies delivered many constructive thinking and proposals. Several agreements were achieved by the end of meeting [1] [2]. 
Following WF are agreed in the last meeting.
PUCCH requirements
· Define the requirements for PUCCH formant 0/1/2/3/4
· The Rx configuration is FFS
· FFS whether to define Multi-slot PUCCH format 1, 2 Rx requirement
SCS/CBW set for PUCCH requirements
· Option 1: 15kHz SCS: 5/10/20MHz, 30kHz SCS: 10/20MHz
· Option 2: FFS based on the link budget

In this contribution, we deliver our view on remaining open issues for SAN PUCCH demodulation requirements. 

2. Discussion
Regarding the long RTT for NTN deployment, the UCI with CSI report might not be useful for SAN scheduling. Network could estimate receiving SNR at UE side, so only HARQ is still worthy to be transferred by UCI.  
Proposal 1: Prioritize UCI with HARQ on PUCCH demodulation requirement.
In our contribution for general issue in NTN demodulation [3], the typical antenna configurations on satellite are discussed. PUCCH could follow it and use 1Rx and 2Rx.. 
Proposal 2: Define NTN PUCCH demodulation requirement with 1Tx 1Rx and 1Tx 2Rx. 
Proposal 3: NTN SAN PUCCH demodulation requirements could be defined for 15kHz SCS 5M/20MHz bandwidth and 30kHz SCS 10M/20MHz bandwidth.
· Normal PUCCH performance
For normal PUCCH performance requirements, most of Rel-15 simulation assumptions could be reused. Channel model could only consider NLOS model, such as NTN-TDLB100-300. Test cases could be down selected depend on the typical scenarios.
For format 0, maybe only 1 symbol case is enough. 
Table 2-1: Test Parameters for NTN PUCCH format 0
	Parameter
	Test

	Number of UCI information bits
	1

	Number of PRBs
	1

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	N/A for 1 symbol 

	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
	13 for 1 symbol

	Channel model
	NTN-TDLB100-300

	Antenna Configuration
	1Tx1Rx/1Tx2Rx

	SCS and bandwidth
	15kHz: 5MHz/20MHz
30kHz: 10MHz/20MHz

	Test metric
	SNR@ ACK miss <1%



Table 2-2: Test Parameters for NTN PUCCH format 1
	Parameter
	Test

	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

	Channel model
	NTN-TDLB100-300

	Antenna Configuration
	1Tx1Rx/1Tx2Rx

	SCS and bandwidth
	15kHz: 5MHz/20MHz
30kHz: 10MHz/20MHz

	Test metric
	SNR@NACK  ACK<0.1%
SNR@ ACK miss <1%



Table 2-3: Test Parameters for NTN PUCCH format 2
	Parameter
	Value

	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

	Channel model
	NTN-TDLB100-300

	Antenna Configuration
	1Tx1Rx/1Tx2Rx

	SCS and bandwidth
	15kHz: 5MHz/20MHz
30kHz: 10MHz/20MHz

	Test metric
	SNR@ ACK miss <1%



Table 2-4: Test Parameters for NTN PUCCH format 3
	Parameter
	Test 1

	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

	Channel model
	NTN-TDLB100-300

	Antenna Configuration
	1Tx1Rx/1Tx2Rx

	SCS and bandwidth
	15kHz: 5MHz/20MHz
30kHz: 10MHz/20MHz

	Test metric
	SNR@ BLER <1%



Table 2-5: Test parameters for NTN PUCCH format 4
	Parameter
	Value

	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

	Channel model
	NTN-TDLB100-300

	Antenna Configuration
	1Tx1Rx/1Tx2Rx

	SCS and bandwidth
	15kHz: 5MHz/20MHz
30kHz: 10MHz/20MHz

	Test metric
	SNR@ BLER <1%



Proposal 4: Take simulation parameters in Table 2-1 to 2-5 for NTN PUCCH demodulation requirement discussion. 

· Multi-slot PUCCH performance
Multi-slot PUCCH could be usful for NTN scenario coverage due to very large path loss. The simulation assumptions and test metric could take Rel-16 requirement as reference. Format 1 might be the most important one to check the HARQ performance with more bits which could be only considered for the requirement. The SCS and bandwidth configuration could only consider 15kHz with 20MHz since 15kHz SCS might be more typical and only 1 bandwidth could be enough for the requirement. 

Table 2-6: Test Parameters for multi-slot PUCCH format 1
	Parameter
	Test

	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

	Channel model
	NTN-TDLB100-300

	Antenna Configuration
	1Tx1Rx/1Tx2Rx

	SCS and bandwidth
	15kHz: 20MHz

	Test metric
	SNR@ NACK  ACK <0.1%
SNR@ ACK miss <1%



Proposal 5: Define NTN multi-slot PUCCH demodulation requirements which could take assumptions in Table 2-6 as the start point. 

3. Conclusions
Proposal 1: Prioritize UCI with HARQ on PUCCH demodulation requirement.
Proposal 2: Define NTN PUCCH demodulation requirement with 1Tx 1Rx and 1Tx 2Rx. 
Proposal 3: NTN SAN PUCCH demodulation requirements could be defined for 15kHz SCS 5M/20MHz bandwidth and 30kHz SCS 10M/20MHz bandwidth.
Proposal 4: Take simulation parameters in Table 2-1 to 2-5 for NTN PUCCH demodulation requirement discussion. 
Table 2-1: Test Parameters for NTN PUCCH format 0
	Parameter
	Test

	Number of UCI information bits
	1

	Number of PRBs
	1

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	N/A for 1 symbol 

	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
	13 for 1 symbol

	Channel model
	NTN-TDLB100-300

	Antenna Configuration
	1Tx1Rx/1Tx2Rx

	SCS and bandwidth
	15kHz: 5MHz/20MHz
30kHz: 10MHz/20MHz

	Test metric
	SNR@ ACK miss <1%



Table 2-2: Test Parameters for NTN PUCCH format 1
	Parameter
	Test

	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

	Channel model
	NTN-TDLB100-300

	Antenna Configuration
	1Tx1Rx/1Tx2Rx

	SCS and bandwidth
	15kHz: 5MHz/20MHz
30kHz: 10MHz/20MHz

	Test metric
	SNR@NACK  ACK<0.1%
SNR@ ACK miss <1%



Table 2-3: Test Parameters for NTN PUCCH format 2
	Parameter
	Value

	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

	Channel model
	NTN-TDLB100-300

	Antenna Configuration
	1Tx1Rx/1Tx2Rx

	SCS and bandwidth
	15kHz: 5MHz/20MHz
30kHz: 10MHz/20MHz

	Test metric
	SNR@ ACK miss <1%


Table 2-4: Test Parameters for NTN PUCCH format 3
	Parameter
	Test 1

	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

	Channel model
	NTN-TDLB100-300

	Antenna Configuration
	1Tx1Rx/1Tx2Rx

	SCS and bandwidth
	15kHz: 5MHz/20MHz
30kHz: 10MHz/20MHz

	Test metric
	SNR@ BLER <1%



Table 2-5: Test parameters for NTN PUCCH format 4
	Parameter
	Value

	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

	Channel model
	NTN-TDLB100-300

	Antenna Configuration
	1Tx1Rx/1Tx2Rx

	SCS and bandwidth
	15kHz: 5MHz/20MHz
30kHz: 10MHz/20MHz

	Test metric
	SNR@ BLER <1%



Proposal 5: Define NTN multi-slot PUCCH demodulation requirements which could take assumptions in Table 2-6 as the start point. 
Table 2-6: Test Parameters for multi-slot PUCCH format 1
	Parameter
	Test

	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

	Channel model
	NTN-TDLB100-300

	Antenna Configuration
	1Tx1Rx/1Tx2Rx

	SCS and bandwidth
	15kHz: 20MHz

	Test metric
	SNR@ NACK  ACK <0.1%
SNR@ ACK miss <1%
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