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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 the general issue for SAN and PUSCH demodulation requirement issues. 
Issue 2-2-1: Scope of PUSCH requirements
Agreements
· Not to consider the requirements for mapping Type B with non-slot transmission
Candidate options
· Option 1: Do not consider 2 step RACH case
· Option 2: Consider the 2 step RACH case
Issue 2-2-2: Channel model for PUSCH
Agreements
· Select NTN-TDL-A and NTN-TDL-C as the channel model for PUSCH requirements
Issue 2-2-3: SCS/CBW set for PUSCH requirements
Candidate options
· Option 1: 15kHz SCS: 5MHz/10MHz/20MHz, 30kHz SCS: 10MHz/20MHz  
· Option 2: a few of PRBs for all SCS
Issue 2-2-4: Modulation order for PUSCH requirements
Agreements
· Select MCS4 for PUSCH requirements
Issue 2-2-5: Antenna configuration for PUSCH requirements
Agreements
· UE 1Tx
· SAN 2Rx
Candidate options
· FFS: SAN 1Rx, SAN 4Rx and SAN 8Rx
Issue 2-2-6: Test parameters for NTN PUSCH
For information, not agreement
· Interested companies are encouraged to provide initial simulation results in next meeting.
	Parameter
	Value

	Channel model
	NTN-TDL-A and NTN-TDL-C

	MCS
	MCS4

	Transform precoding
	Disabled and Enabled

	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
	{0}

	
	DM-RS sequence generation
	NID0=0, nSCID =0, group hopping and sequence hopping are disabled

	Time domain
	PUSCH mapping type
	A, B

	resource
	Start symbol
	0 

	assignment
	Allocation length
	14 

	Frequency domain resource
	RB assignment
	FFS

	assignment
	Frequency hopping
	Disabled

	TPMI index for 2Tx two-layer spatial multiplexing transmission 
	0

	Code block group based PUSCH transmission
	Disabled



Issue 2-2-7: Test parameters for NTN UL timing adjustment
For information, not agreement
· Interested companies are encouraged to provide initial simulation results in next meeting.
	Parameter
	Value

	Transform precoding
	Disabled

	Channel bandwidth
	FFS

	MCS
	MCS4

	Channel model
	NTN-TDL-A

	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

	
	DM-RS position (l0)
	2

	
	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
	{0}

	Time domain resource assignment
	DM-RS sequence generation
	NID0=0, nSCID =0 for moving UE
NID0=1, nSCID =1 for stationary UE

	
	PUSCH mapping type
	Both A and B

	
	Allocation length
	14 

	Frequency domain resource assignment
	RB assignment
	FFS

	
	Starting PRB index
	FFS

	
	Frequency hopping
	Disabled

	SRS resource allocation
	Slots in which sounding RS is transmitted (Note 1)
	slot #1 in radio frames

	
	SRS resource allocation
	FFS

	NOTE 1.	The transmission of SRS is optional. And the transmission comb and SRS periodic are configured as KTC = 2, and TSRS = 10 respectively.



	Parameter
	Scenario X

	Channel model
	Stationary UE: AWGN
Moving UE: NTN-TDLA<Doppler>-<DS>

	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



Issue 2-2-8: Test parameters for NTN PUSCH repetition type A
For information, not agreement
· Interested companies are encouraged to provide initial simulation results in next meeting.
	Parameter
	Value

	Transform precoding
	Disabled

	Channel model
	NTN-TDL-A

	MCS
	5 in Table 3

	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
	n2

	Frequency domain resource assignment
	RB assignment
	FFS

	
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	Note 2:	The effective RV sequence is {0, 2, 3, 1} with slot aggregation.



Issue 2-2-9: Test parameters for NTN msgA PUSCH for 2-step RA type
For information, not agreement
· Interested companies are encouraged to provide initial simulation results in next meeting.
	Parameter
	Value

	Transform precoding
	Disabled

	Channel bandwidth
	FFS

	
	

	Channel model
	NTN-TDL-A

	MCS
	FFS

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	DM-RS position (l0)
	2

	
	Additional DM-RS position
	pos2 or 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:end
	15k SCS: FFS

	
	
	30k SCS: FFS

	Test Metric
	BLER
	0.01

	NOTE 1:	A single requirement is defined that is applicable regardless of whether pos1 or pos2 is configured for the additional DM-RS position
NOTE 2:	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



In this contribution, open issues for general configurations of SAN demodulation and  PUSCH demodulation requirements will be further analyzed.     

2. Discussion
2.1. 	 General 
Channel model
The channel model for PUSCH has been discussed in another our contribution [2], and the more investigation is needed on the satellite elevation angle and corresponding scenario. The performance should be defined for the worst case.
Scope
The 2-step RACH is targeting to reduce the access time when the UE condition is good (high RSRP). This feature would be helpful for NTN deployment regarding very large RTT. RAN2 have agreement that both 2-step RACH and 4-step RACH are supported for NTN network. 
On the other hand, NTN UE can pre-compensate the timing before transmission based on GNSS and ephemeris. The common estimation errors are ±50m for satellite position and ±30m for UE position. In that case, the remaining timing error could be quite small, i.e., 0.3us. Compared to the normal PUSCH transmission, it might not be an issue from the demodulation point of view. 
Observation 1: The remaining timing error could be very small in MsgA of 2-step RACH regarding UE pre-compensation precision. 

2.2. 	 PUSCH configurations
SCS and BW
The problem here is the power limitation in UL transmission would impact the PRB allocation in real life. Regarding the link budget table 2-1 in [3], target UL CNR for LEO600 is 2.8dB (satellite RF parameter set1) or -3.2dB (satellite RF parameter set2) with the bandwidth 0.4MHz. If higher channel bandwidth is applied, lower target CNR will be achieved. 
Observation 2: Only very limited PRBs could achieve targe SNR based on link budget. 
If better condition is considered, it is still suspicious that full bandwidth could be applied. To estimate the real network condition, a few of PRB allocation is reasonable for the requirement. Furthermore, the benefit is no need to simulate and test different bandwidth if the requirements are defined for a few of PRB allocation. The specific number of PRB could be further discussed. 
Proposal 1: It is better to define the SAN PUSCH requirement for a few of PRB allocation. 

Antenna configuration
Based on the analysis in another our contribution [2], both 1Rx and 2Rx are typical for satellite. Regarding the additional depolarization loss, 1Rx would have more difficulties to achieve enough SNR for PUSCH transmission regarding the analysis above. 
Observation 3: 2Rx would be better for SAN demodulation requirement than 1Rx regarding to less additional loss caused by possible depolarization. 
On the other hand, it is still possible for an NTN UE access 1Rx satellite when the condition is good enough. It seems no particular limitation for a 1Rx satellite to be adopted in NTN network. It might be practical to take LOS channel for 1Rx satellite requirement. 
Proposal 2: Define SAN PUSCH demodulation requirement for 1Tx2Rx and 1Tx1Rx. Only take LOS channel for 1Tx1Rx requirements.

MCS
Both MCS 2 and 4 could be possible for SAN PUSCH demodulation, but the channel model has not been settled yet. The simulation is needed when channel model is agreed. The decision could depend on the NLOS/LOS channel and antenna configuration. The worse performance but feasible MCS should be chosen for the requirement.   
Observation 4: The decision of MCS depends on the simulation with agreed channel model, but the proper channel model should be investigated at the first.
3. Conclusions
Observation 1: The remaining timing error could be very small in MsgA of 2-step RACH regarding UE pre-compensation precision.
Observation 2: Only very limited PRBs could achieve targe SNR based on link budget.
Proposal 1: It is better to define the SAN PUSCH requirement for a few of PRB allocation.
Observation 3: 2Rx would be better for SAN demodulation requirement than 1Rx regarding to less additional loss caused by possible depolarization.
Proposal 2: Define SAN PUSCH demodulation requirement for 1Tx2Rx and 1Tx1Rx. Only take LOS channel for 1Tx1Rx requirements.
Observation 4: The decision of MCS depends on the simulation with agreed channel model, but the proper channel model should be investigated at the first.
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