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1. Introduction
[bookmark: _Hlk528680199]In the last RAN4 meeting, companies have discussions on the non-terrestrial network demodulation requirements. Following WF was agreed on PUCCH demodulation requirments for SAN. 
Issue 2-3-1: 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
Issue 2-3-2: Channel model for PUCCH requirements
Agreements
· RAN4 to only consider NTN-TDLA channel model for PUCCH requirements definition
Issue 2-3-3: SCS/CBW set for PUCCH requirements
Agreements
· To follow the same SCS/CBW set as PUSCH as the start point
Candidate options
· Option 1: No need to reduce test
· Option 2: Need to reduce test cases (specify if any)
Issue 2-3-4: Antenna configuration for PUCCH
Agreements
· UE 1Tx 
· SAN 2Rx
Candidate options
· FFS: SAN 1Rx, SAN 4Rx and SAN 8Rx

Issue 2-3-5: Test parameters for NTN PUCCH format 0/1/2/3/4
For information, not agreement
· Interested companies are encouraged to provide initial simulation results in next meeting.
	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
	N/A for 1 symbol Enabled for 2 symbols

	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
12 for 2 symbols

	Channel model
	NTN-TDLA

	Number of OFDM symbols
	FFS

	Test metric
	ACK missed detection probability <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-TDLA

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



	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-TDLA

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



	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
	FFS

	Number of symbols
	FFS

	The number of UCI information bits
	FFS

	First symbol
	0

	Cyclic Prefix
	Normal

	Additional DM-RS configuration
	FFS

	Channel model
	NTN-TDLA

	Test metric
	FFS



	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
	FFS

	First symbol
	0

	Length of the orthogonal cover code
	n2

	Index of the orthogonal cover code
	n0

	Cyclic Prefix
	Normal

	Additional DM-RS configuration
	FFS

	Channel model
	NTN-TDLA

	Test metric
	FFS



Issue 2-3-6:  Test parameters for NTN PUCCH multi-slot PUCCH format 1
For information, not agreement
· Interested companies are encouraged to provide initial simulation results in next meeting.
	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-TDLA

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




In this contribution, open issues for PUCCH demodulation will be further analyzed.     

2. Discussion
Channel model
As discussed in another our contribution [2], the NTN-TDLA channel with the angle leading to the worst performance should be evaluated by simulations for PUSCH at the first.  PUCCH could take the same channel as PUSCH.
SCS and CBW
Regarding the discussion in our contribution for PUSCH [3], the UL PUSCH PRBs might be quite limited due to power limitation. If it is true, it won’t be necessary to test all bandwidths for PUSCH, and PUCCH could be the same situation as well. If full bandwidth could be applied based on the further investigation, only testing minimum and maximum supported bandwidth could be better. The Rel-15 applicability rule for FR1 PUCCH bandwidth could be reused. 
Proposal 1: Follow the agreement on SAN PUSCH demodulation discussion. 
· If only a few of PRBs can be used for UL, only one requirement will be applied for all bandwidths. 
· If full bandwidth can be used for UL, only requirements for minimum and maximum bandwidths could be introduced. The Rel-15 FR1 PUCCH applicability rule on bandwidth can be reused.  

Antenna configuration
Based on the analysis in [2], we think both 1Tx1Rx and 1Tx2Rx are typical for satellite. 1Tx1Rx would have 3dB more depolarization loss compared to 1Tx2Rx which looks like a big limitation for NTN UL regarding quite small UE power. But it is still possible for a UE to access 1Rx satellite when condition is good. In that case, LOS channel might be suitable for 1Rx requirements. 
Proposal 2: Define SAN PUCCH requirements for 1Tx2Rx and 1Tx1Rx. Only take LOS channel model for 1Tx1Rx requirements.    

Number of PUCCH PRB in format 2/3
Regarding the possibility of a few PRB allocation for UL due to power limitation, the PUCCH PRB number should also be considered either. For format 2/3, the PRB number should depend on the conclusion of PUSCH part. 
Proposal 3: The PUCCH PRB number of PF2/3 need to wait for the conclusion of PUSCH part.

DM-RS configuration for format 3/4
In Rel-15 FR1, PUCCH format 3/4 have manufactory declaration on DM-RS configuration. In that case, requirements are defined for both with and without additional DM-RS. 
For SAN, it is not clear that if the similar manufactory declaration would be applied. If yes, then the same approach for the requirement should also be used, otherwise, there will be no requirements for a certain SAN don’t support the DM-RS configuration which is defined in the requirement.
Proposal 4: If the same BS manufactory declaration in Rel-15 would be applied for SAN, PUCCH format 3/4 requirements should be defined for both with and without additional DM-RS to avoid no requirement situation. 

3. Conclusions
Proposal 1: Follow the agreement on SAN PUSCH demodulation discussion. 
· If only a few of PRBs can be used for UL, only one requirement will be applied for all bandwidths. 
· If full bandwidth can be used for UL, only requirements for minimum and maximum bandwidths could be introduced. The Rel-15 FR1 PUCCH applicability rule on bandwidth can be reused.  

Proposal 2: Define SAN PUCCH requirements for 1Tx2Rx and 1Tx1Rx. Only take LOS channel model for 1Tx1Rx requirements.
Proposal 3: The PUCCH PRB number of PF2/3 need to wait for the conclusion of PUSCH part.
Proposal 4: If the same BS manufactory declaration in Rel-15 would be applied for SAN, PUCCH format 3/4 requirements should be defined for both with and without additional DM-RS to avoid no requirement situation.
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