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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]. 
Agreements on SAN PUSCH demodulation requirements
· For SAN, RAN4 to define the new demodulation requirements. The test parameters need analysis case by case.
· Do not specify K_offset and K_mac parameters for SAN performance requirements definition
· Do not define satellite performance requirements with HARQ Processes
· Reuse the synchronization method from legacy BS testing
· Consider both 15kHz and 30kHz SCS
· Introduce QPSK for PUSCH requirements
· Define the following requirements and further discuss on Tx/Rx configurations 
· Transform precoding disabled
· Transform precoding enabled
· UL timing adjustment
· repetition Type A

Following WF are agreed in the last meeting.
PUSCH requirements
· Further discuss whether to define the following requirements
· Option 1: 2-step RA type requirement
· Option 2: Mapping Type B with non-slot transmission requirements
SCS/CBW set for PUSCH requirements
· FFS on CBW and test metric
· Option 1: 15kHz SCS: 5/10/20MHz, 30kHz SCS: 10/20MHz
· Option 2: FFS based on the link budget
Modulation order for PUSCH requirements
· FFS whether to introduce 16QAM and 64QAM for PUSCH requirements
Companies are encouraged to further check if it is feasible for requirement

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

2. Discussion
2.1	 General
According to the Table 2-1 in [3], UL CNR for 0.4MHz carrier is normally less than 2.8dB for LEO and even less than -10dB for GEO. the UL CNR could reach to ~6dB for LEO600 deployment. It is still hard to scheduling 16QAM anyway regarding to possible 1Rx configuration. 
For QPSK modulation, MCS 2 is used for Rel-15 normal PUSCH requirement, but higher MCS (i.e., MCS4) could be considered for NTN, especially for LOS channel. 
Full bandwidth allocation could be feasible if only QPSK is applied. For 15kHz SCS, requirements for 5M/20MHz could be introduced. For 30kHz SCS, requirements for 10M/20MHz could be introduced. Similar applicability rule for different bandwidth in Rel-16 could be reused for NTN requirement if simulation results show no difference between bandwidths. Furthermore, LOS channel could only consider the largest bandwidth. 
Proposal 1: Use MCS2 for NLOS channel and consider MCS4 for LOS channel if simulation results can fulfil test metric. 
Proposal 2: NTN SAN PUSCH demodulation requirements could be defined as follows:
· NLOS channel: 15kHz SCS 5M/20MHz and 30kHz SCS 10M/20MHz
· LOS channel: 15kHz SCS 20MHz and 30kHz SCS 20MHz 
2.2	 Normal PUSCH performance
For normal PUSCH performance, 1 DM-RS could be prioritized considering UE pre-compensation. Both mapping type A and B could be considered to keep the test coverage. Test metric uses 70% throughput. Channel model could start from NTN-TDLB100-300 and NTN-TDLD100-300 which assume 100ns delay spread and 0.15ppm residual Doppler shift as start point. 
Consider following parameters for normal NTN PUSCH performance.
Table 2.2-1: Test parameters for NTN PUSCH
	Parameter
	Value

	Channel model 
	NTN-TDLB100-300 (NLOS)
NTN-TDLD100-300 (LOS)

	MCS
	MCS2 for NLOS
MCS4 for LOS

	Transform precoding
	Disabled/Enabled

	Default TDD UL-DL pattern (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	Pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	{0}

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain resource assignment
	PUSCH mapping type
	A, B

	
	Start symbol
	0 

	
	Allocation length
	14 

	Frequency domain resource assignment
	RB assignment
	Full applicable test bandwidth

	
	Frequency hopping
	Disabled

	TPMI index for 2Tx two layer spatial multiplexing transmission 
	0

	Code block group based PUSCH transmission
	Disabled

	NOTE 1:	The same requirements are applicable to FDD and TDD with different UL-DL patterns.



Proposal 3: Take simulation assumptions in Table 2.2-1 for NTN PUSCH demodulation requirements discussion. 

2.3	UL timing adjustment
For NTN UL timing adjustment requirement, only NLOS channel could be considered since LOS channel is quite similar as AWGN. Both mapping type A and B could be considered to keep the test coverage. Use same SCS and bandwidth combination as PUSCH requirement. UE speed could consider normal speed as 120km/h. Other configurations could reuse Rel-15 requirements.
Consider following parameters for NTN UL TA performance.
Table 2.3-1 Test parameters for NTN UL timing adjustment
	Parameter
	Value

	MCS 
	2

	Transform precoding
	Disabled

	Uplink-downlink allocation for TDD (Note1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	Pos2

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	{0}

	
	DM-RS sequence generation
	NID0=0, nSCID =0 for moving UE
NID0=1, nSCID =1 for stationary UE

	Time domain resource assignment
	PUSCH mapping type
	A, B

	
	Allocation length
	14 

	Frequency domain resource assignment
	RB assignment
	5 MHz CBW/15kHz SCS: 12 RB for each UE
20MHz CBW/15kHz SCS: 50 RB for each UE
10MHz CBW/30kHz SCS: 12 RB for each UE 
20MHz CBW/30kHz SCS: 25 RB for each UE

	
	Starting PRB index
	Moving UE: 0 
Stationary UE: 12 for 5MHz CBW/15kHz SCS,
50 for 20 MHz CBW/15kHz SCS, 12 for 10MHz CBW/30kHz SCS and 25 for 20 MHz CBW/30kHz SCS

	
	Frequency hopping
	Disabled

	SRS resource allocation
	Slots in which sounding RS is transmitted (Note2)
	For FDD: slot #1 in radio frames
For TDD: 
last symbol in slot #3  in radio frames for 15kHz
last symbol in slot #7  in radio frames for 30kHz

	
	SRS resource allocation
	15 kHz SCS:
CSRS =5, BSRS =0, for 20 RB
CSRS = 21, BSRS =0, for 80 RB
30 kHz SCS:
CSRS =5, BSRS =0, for 20 RB
CSRS = 11, BSRS =0, for 40 RB

	NOTE 1: 	The same requirements are applicable to FDD and TDD with different UL-DL patterns. 
NOTE 2:	The transmission of SRS is optional. And the transmission comb and SRS periodic are configured as KTC = 2, and TSRS = 10 respectively.




Table 2.3-2: Parameters for NTN UL timing adjustment
	Parameter
	Scenario X

	Channel model
	Stationary UE: AWGN
Moving UE: NTN-TDLB100-300

	UE speed
	120 km/h

	CP length
	Normal

	A
	15 kHz: 10 s
30 kHz: 5 s

	
	15 kHz: 0.04 s-1
30 kHz: 0.08 s-1



Proposal 4: Take simulation assumptions in Table 2.3-1 and 2.3-2 for NTN UL TA demodulation requirements discussion. 

2.4	PUSCH repetition type A
For NTN PUSCH repetition A requirement, only NLOS scenario should be considered. Both mapping type A and B should be considered to keep the test coverage. Code rate could also follow Rel-16 requirement to use 0.99. Bandwidth could follow normal PUSCH requirement assumptions. 
Consider following parameters for NTN PUSCH repetition type A.
Table 2.4-1: Test parameters for NTN PUSCH repetition Type A
	Parameter
	Value

	MCS
	5 in Table 3

	Channel model
	NTN-TDLB100-300

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 3, 0, 3 [Note 2]

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port
	0

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain resource assignment
	PUSCH mapping type
	A, B

	
	Start symbol
	0 

	
	Allocation length
	14 

	
	PUSCH aggregation factor
	30 kHz SCS: n2
15 kHz SCS: n2 for FDD and n8 for TDD [Note 3]

	Frequency domain resource assignment
	RB assignment
	Full applicable test bandwidth
(15kHz: 5MHz/10MHz; 30kHz: 10MHz/20MHz)

	
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	Note 1:   The same requirements are applicable to FDD and TDD with different UL-DL pattern.
Note 2:   The effective RV sequence is {0, 2, 3, 1} with slot aggregation.
Note 3:   The intention of this configuration is to have two effective transmissions of the transport block. To achieve this for the standard TDD pattern captured in this table, a value of n8 is necessary, while for FDD a value of n2 is necessary.



Proposal 5: Take simulation assumptions in Table 2.4-1 for NTN PUSCH repetition type A demodulation requirements discussion.

2.5	2-step RA Msg A
2-step RA could be useful for reducing initial access time due to long RTT in NTN deployment, especially NTN UE could pre-compensate most of timing error based on its GNSS position and satellite ephemeris. NLOS channel model could be used for requirement and MCS could use MCS2 as the start point, and Rel-16 assumption MCS1 can also be considered if MCS2 is not feasible. DM-RS configuration could only consider 1+1 DM-RS regarding NTN UE pre-compensation capability. Timing offset could be further discussed based on NTN UE timing adjustment character.  
Consider following parameters for NTN MsgA PUSCH for 2-step RA.
Table 2.5-1: Test parameters for NTN msgA PUSCH for 2-step RA type
	Parameter
	Value

	Transform precoding
	Disabled

	Channel bandwidth
	15 kHz SCS: 10 MHz

	
	30 kHz SCS: 20 MHz

	MCS
	2 or 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	DM-RS position (l0)
	2

	
	Additional DM-RS position
	pos1 

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port
	{0}

	
	DM-RS sequence generation
	NID0=0, nSCID = 0

	Time domain resource assignment
	PUSCH mapping type
	Both A and B

	
	Allocation length
	14

	Frequency domain resource assignment
	RB assignment
	2 PRBs

	
	Starting PRB index
	0

	
	Frequency hopping
	Disabled

	Time offset (TO) Cycling (µs)
	start:step:end
	15k SCS: FFS

	
	
	

	
	
	30k SCS: FFS

	
	
	

	Test Metric
	BLER
	0.01

	Note 1:	The same requirements are applicable to FDD and TDD with different UL-DL patterns.
Note 2:	For FR1, either pos 1 or pos 2 may be used for the test FRC. A pass with either of these possibilities is sufficient to demonstrate compliance to the core requirement.
Note 3:	The power ratio between preamble and msgA (msgA-DeltaPreamble) is set to be sufficient to achieve 100% preamble detection. The SNR for the requirement is defined on the msgA PUSCH.



Proposal 6: Define NTN SAN demodulation requirements for 2-step RA PUSCH. 
Proposal 7: Take simulation assumptions in Table 2.5-1 for NTN MsgA PUSCH for 2-step RA type demodulation requirements discussion.


2.6	Mapping Type B with non-slot transmission
Mapping Type B with non-slot transmission is defined for URLLC scenario which is not typical in NTN scenarios due to long delay within the whole link. it is no necessary to define demodulation requirements. 
Proposal 8: Do not define requirements for Mapping Type B with non-slot transmission.

3. Conclusions
Proposal 1: Use MCS2 for NLOS channel and consider MCS4 for LOS channel if simulation results can fulfil test metric. 
Proposal 2: NTN SAN PUSCH demodulation requirements could be defined as follows:
· NLOS channel: 15kHz SCS 5M/20MHz and 30kHz SCS 10M/20MHz
· LOS channel: 15kHz SCS 20MHz and 30kHz SCS 20MHz 

Proposal 3: Take simulation assumptions in Table 2.2-1 for NTN PUSCH demodulation requirements discussion.
Table 2.2-1: Test parameters for NTN PUSCH
	Parameter
	Value

	Channel model 
	NTN-TDLB100-300 (NLOS)
NTN-TDLD100-300 (LOS)

	MCS
	MCS2 for NLOS
MCS4 for LOS

	Transform precoding
	Disabled/Enabled

	Default TDD UL-DL pattern (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	Pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	{0}

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain resource assignment
	PUSCH mapping type
	A, B

	
	Start symbol
	0 

	
	Allocation length
	14 

	Frequency domain resource assignment
	RB assignment
	Full applicable test bandwidth

	
	Frequency hopping
	Disabled

	TPMI index for 2Tx two layer spatial multiplexing transmission 
	0

	Code block group based PUSCH transmission
	Disabled

	NOTE 1:	The same requirements are applicable to FDD and TDD with different UL-DL patterns.



Proposal 4: Take simulation assumptions in Table 2.3-1 and 2.3-2 for NTN UL TA demodulation requirements discussion.
Table 2.3-1 Test parameters for NTN UL timing adjustment
	Parameter
	Value

	MCS 
	2

	Transform precoding
	Disabled

	Uplink-downlink allocation for TDD (Note1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	Pos2

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	{0}

	
	DM-RS sequence generation
	NID0=0, nSCID =0 for moving UE
NID0=1, nSCID =1 for stationary UE

	Time domain resource assignment
	PUSCH mapping type
	A, B

	
	Allocation length
	14 

	Frequency domain resource assignment
	RB assignment
	5 MHz CBW/15kHz SCS: 12 RB for each UE
20MHz CBW/15kHz SCS: 50 RB for each UE
10MHz CBW/30kHz SCS: 12 RB for each UE 
20MHz CBW/30kHz SCS: 25 RB for each UE

	
	Starting PRB index
	Moving UE: 0 
Stationary UE: 12 for 5MHz CBW/15kHz SCS,
50 for 20 MHz CBW/15kHz SCS, 12 for 10MHz CBW/30kHz SCS and 25 for 20 MHz CBW/30kHz SCS

	
	Frequency hopping
	Disabled

	SRS resource allocation
	Slots in which sounding RS is transmitted (Note2)
	For FDD: slot #1 in radio frames
For TDD: 
last symbol in slot #3  in radio frames for 15kHz
last symbol in slot #7  in radio frames for 30kHz

	
	SRS resource allocation
	15 kHz SCS:
CSRS =5, BSRS =0, for 20 RB
CSRS = 21, BSRS =0, for 80 RB
30 kHz SCS:
CSRS =5, BSRS =0, for 20 RB
CSRS = 11, BSRS =0, for 40 RB

	NOTE 1: 	The same requirements are applicable to FDD and TDD with different UL-DL patterns. 
NOTE 2:	The transmission of SRS is optional. And the transmission comb and SRS periodic are configured as KTC = 2, and TSRS = 10 respectively.




Table 2.3-2: Parameters for NTN UL timing adjustment
	Parameter
	Scenario X

	Channel model
	Stationary UE: AWGN
Moving UE: NTN-TDLB100-300

	UE speed
	120 km/h

	CP length
	Normal

	A
	15 kHz: 10 s
30 kHz: 5 s

	
	15 kHz: 0.04 s-1
30 kHz: 0.08 s-1



Proposal 5: Take simulation assumptions in Table 2.4-1 for NTN PUSCH repetition type A demodulation requirements discussion.
Table 2.4-1: Test parameters for NTN PUSCH repetition Type A
	Parameter
	Value

	MCS
	5 in Table 3

	Channel model
	NTN-TDLB100-300

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 3, 0, 3 [Note 2]

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port
	0

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain resource assignment
	PUSCH mapping type
	A, B

	
	Start symbol
	0 

	
	Allocation length
	14 

	
	PUSCH aggregation factor
	30 kHz SCS: n2
15 kHz SCS: n2 for FDD and n8 for TDD [Note 3]

	Frequency domain resource assignment
	RB assignment
	Full applicable test bandwidth
(15kHz: 5MHz/10MHz; 30kHz: 10MHz/20MHz)

	
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	Note 1:   The same requirements are applicable to FDD and TDD with different UL-DL pattern.
Note 2:   The effective RV sequence is {0, 2, 3, 1} with slot aggregation.
Note 3:   The intention of this configuration is to have two effective transmissions of the transport block. To achieve this for the standard TDD pattern captured in this table, a value of n8 is necessary, while for FDD a value of n2 is necessary.



Proposal 6: Define NTN SAN demodulation requirements for 2-step RA PUSCH. 
Proposal 7: Take simulation assumptions in Table 2.5-1 for NTN MsgA PUSCH for 2-step RA type demodulation requirements discussion.
Table 2.5-1: Test parameters for NTN msgA PUSCH for 2-step RA type
	Parameter
	Value

	Transform precoding
	Disabled

	Channel bandwidth
	15 kHz SCS: 10 MHz

	
	30 kHz SCS: 20 MHz

	MCS
	2 or 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	DM-RS position (l0)
	2

	
	Additional DM-RS position
	pos1 

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port
	{0}

	
	DM-RS sequence generation
	NID0=0, nSCID = 0

	Time domain resource assignment
	PUSCH mapping type
	Both A and B

	
	Allocation length
	14

	Frequency domain resource assignment
	RB assignment
	2 PRBs

	
	Starting PRB index
	0

	
	Frequency hopping
	Disabled

	Time offset (TO) Cycling (µs)
	start:step:end
	15k SCS: FFS

	
	
	

	
	
	30k SCS: FFS

	
	
	

	Test Metric
	BLER
	0.01

	Note 1:	The same requirements are applicable to FDD and TDD with different UL-DL patterns.
Note 2:	For FR1, either pos 1 or pos 2 may be used for the test FRC. A pass with either of these possibilities is sufficient to demonstrate compliance to the core requirement.
Note 3:	The power ratio between preamble and msgA (msgA-DeltaPreamble) is set to be sufficient to achieve 100% preamble detection. The SNR for the requirement is defined on the msgA PUSCH.



Proposal 8: Do not define requirements for Mapping Type B with non-slot transmission.
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