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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 [1] was agreed on PRACH demodulation requirements for SAN. 
Issue 2-4-1: Channel model for PRACH
Agreements
· Define NTN SAN PRACH demodulation requirement for AWGN and NLOS multi-path channel.
Issue 2-4-2: Test parameters for NTN PRACH demodulation requirement
For information, not agreement
· Interested companies are encouraged to provide initial simulation results in next meeting.
	Parameter
	Value

	Preamble format
	FFS

	Antenna
	FFS

	SCS
	FFS

	Propagation
	AWGN, NTN-TDLA

	Frequency offset
	FFS

	Time error tolerance
	FFS



In this contribution, open issues for PRACH demodulation will be further analyzed.     
2. Discussion
Channel model
As analysis in another our contribution [2], the multi-path fading channel should be investigated by different satellite elevation angle and figure out the worst case at the first. And then apply it to all physical channel demodulation if possible. For PRACH, the same channel model as PUSCH could be used.
Proposal 1: Use the same NLOS multi-path fading channel model as PUSCH. 

Preamble Format
Based on RAN1 discussion, NTN UE can pre-compensate the timing by GNSS and ephemeris when sending PRACH. In that case, the remaining timing uncertainties only caused by GNSS position uncertainty (i.e., ±50m) and Satellite position uncertainty (i.e., ±30m), then the total uncertainty could so small that all preamble formats can handle it. 
Regarding Rel-15 introduce the normal PRACH requirements for burst format 0 and all short formats, it would be good to follow it when Rel-17 introduce SAN PRACH requirements. If down-selection is agreed, then only format 0 and typical short format (A2, B4, C2) could be considered for the requirement.    
Proposal 2: Define SAN PRACH demodulation requirements for:  
Option 1: preamble format 0 and all short formats. 
Option 2: If down selection can be agreed, then consider format 0, A2, B4 and C2.

Antenna
Based on the analysis in [2] and [3], 1Rx and 2Rx are typical for satellite implementation and would be good for the SAN demodulation requirement, but 1Rx might be suitable for LOS channel due to worse link budget. In that case, only 1Tx2Rx would be enough for SAN PRACH demodulation requirement. 
Proposal 3: Define SAN PRACH demodulation requirements for 1Tx2Rx. 

SCS
Regarding the preamble formats analysis above, 1.25kHz, 15Hz and 30kHz SCS could be considered for the SAN PRACH demodulation requirement regarding preamble format 0 and short formats. 
Proposal 4: Define SAN PRACH demodulation requirements for 1.25kHz, 15kHz and 30kHz SCS.

Frequency offset
In FR1 Rel-15 requirement, frequency offset is 400Hz for normal speed UE. Regarding the same UE will be used in NTN deployment, the same frequency offset could be reused. 
Proposal 5: Define SAN PRACH demodulation requirements with 400Hz frequency offset.

Time error tolerance
In Rel-15, the AWGN time error tolerance is defined based on the PRACH bandwidth with scaling on 1.04us (1.25kHz SCS from LTE). Higher PRACH bandwidth, smaller time error tolerance. For SAN, same PRACH bandwidth will be applied, then same AWGN time error tolerance would be applied either. 
As for multi-path fading channel time error tolerance, it normally derived by AWGN time error tolerance + the largest non-neglectable tap delay. It seems also feasible for NTN scenario. 
Proposal 6: Use same time error tolerance of AWGN as Rel-15 FR1 for 15kHz and 30kHz SCS. Use the same method to calculate time error tolerance of multi-path channel as Rel-15. 

Ncs
The basic thinking of Ncs is let

Where, is maximum delay difference within a cell. Time error tolerance is very small compared to , so we can get

Based on the analysis on the preamble format part, the cell_range delay could be well pre-compensated by NTN UE. In that case,  could be assumed quite small, and then Ncs could also use small index. From the demodulation point of view, it might not so essential to the performance. It is no harm to keep same Ncs as Rel-15 for 1.25kHz, 15kHz and 30kHz SCS. 
Proposal 7: Use the same Ncs as Rel-15 normal PRACH requirement. 


3. Conclusions
Proposal 1: Use the same NLOS multi-path fading channel model as PUSCH.
Proposal 2: Define SAN PRACH demodulation requirements for:  
Option 1: preamble format 1 and all short formats. 
Option 2: If down selection can be agreed, then consider format 0, A2, B4 and C2.
Proposal 3: Define SAN PRACH demodulation requirements for 1Tx2Rx.
Proposal 4: Define SAN PRACH demodulation requirements for 1.25kHz, 15kHz and 30kHz SCS.
Proposal 5: Define SAN PRACH demodulation requirements with 400Hz frequency offset.
Proposal 6: Use same time error tolerance of AWGN as Rel-15 FR1 for 15kHz and 30kHz SCS. Use the same method to calculate time error tolerance of multi-path channel as Rel-15.
Proposal 7: Use the same Ncs as Rel-15 normal PRACH requirement.
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