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1. Introduction 
In RAN4#102-e UE demodulation requirements for NTN were discussed and way forward [1] was agreed. In this contribution we present our views on the open issues and simulation assumptions for requirements.  
2. Discussion
General Assumptions
In RAN4#102-e the following general assumptions were agreed
	Issue 1-1-1: Power control model 
· Only consider fixed SNR at the UE or BS side to facilitate testing even if the SNR may be changed in the real network
Issue 1-1-2: UE speed
· Do not consider explicit model UE speed into channel model for NTN demodulation requirements. 
· Companies are encouraged to check the impact of different UE speed on the simulation results.
Issue 3-1-1: Channel model
· Select NTN-TDL-A and NTN-TDL-C for NTN UE demodulation requirements
Issue 3-1-3a: Delay spread model-maximum delay spread
· Option 1a: 100ns
Issue 3-1-4: Antenna configuration
· Consider SAN 1Tx-UE 2Rx as the starting point. 




The main open issue are related to the Doppler shift model and Delay spread model assumed for NTN UE demod requirements.
Issue 3-1-2a: Doppler shift model-UE pre-compensation
· Proposals
· Option 1: Consider the UE pre-compensation for DL demodulation, i.e., the maximum doppler shift is residual frequency offset with a small value, e.g., 0.1ppm 
· Option 2: Do not consider the UE pre-compensation for DL demodulation, i.e., the maximum doppler shift is total frequency offset (without Doppler compensation at the satellite), e.g., 24ppm
Issue 3-1-2b: Doppler shift model- Frequency drift
· Proposals
· Option 1: Consider the frequency drift for DL demodulation
· Option 2: Do not consider the frequency drift for DL demodulation
Issue 3-1-3b: Delay spread model-Sampling frequency offset
· Proposals
· Option 1: Consider sampling frequency offset for DL demodulation
· Option 2: Not consider sampling frequency offset for DL demodulation

In NTN network there is no Doppler shift or time offset pre-compensation at the satellite side before DL transmission. Due to the satellite and UE motion, there would be a time varying Doppler shift. The NTN UE will have GNSS capability and along with ephemeris information can know the relative position and calculate the frequency offset. On the UE side the frequency offset would be compensated prior to baseband processing for NR. This compensation is not part of the NR Phy channel processing in NTN UE.
Observation #1: The Doppler shift at the UE would be compensated prior to baseband processing of NR signals in NTN UE.
By introducing a Doppler shift model in UE demodulation requirements, we would be combining the processing of 2 separate entities which is beyond the scope of NR UE demodulation requirements. Hence, we propose to define UE demod requirements with a small residual frequency offset value with assumption of Doppler shift compensation prior to UE baseband processing.
Observation #2: By introducing a Doppler shift model in NTE UE demod requirements, we are combining the processing of 2 separate entities which is beyond the scope of UE demod.
Proposal #1: Define requirements with a small residual frequency offset value with assumption of Doppler shift compensation prior to UE baseband processing
Proposal #2: Define requirements without frequency drift for DL demodulation. 
The time drift at the UE side would also be compensated prior to baseband processing and need not be considered in UE demod requirements. We propose not to combine this processing in UE demod requirements, similar to the Doppler shift. 
Proposal #3: Define requirements without large timing drift and sampling frequency offset.

PDSCH Demodulation 
The agreements for PDSCH demodulation requirements in [1] are:
	[bookmark: _Hlk96689229]Issue 3-2-2: Enhancement on time relationship
· Select the K_offset value equal to or a little greater than the satellite-UE one-way delay. The detailed value should be selected after the channel model has been selected.
· FFS on the K_offset values for GEO and LEO
Issue 3-2-3: Enhancement on HARQ
· Disable HARQ with number of re-Tx set to 1 to avoid defining a special test as the start point
Issue 3-2-4: SCS/CBW set for PDSCH requirements
· [bookmark: _Hlk96689729]Select 15kHz SCS/10MHz, further discuss whether to consider 30kHz SCS/ 20MHz
Issue 3-2-5: Modulation order for PDSCH requirements
· Consider QPSK and 16QAM, further discuss whether to consider 64QAM.



K_offset value
In [1] there was an agreement to select K_offset value slightly larger than the one way satellite to UE delay. The Koffset value is introduced in NTN to account for large propagation delay in NTN. The K_offset should be ≥ the TA at the UE and the TA is twice the one-way propagation delay. Hence the K_offset should be chosen as at least twice the UE-Satellite propagation delay.
Observation #3: The K_offset value should ≥ TA, which is typically twice the UE-Satellite one-way propagation delay.
Hence the K_offset value should be chosen as at least twice the UE-Satellite one-way propagation delay.
Proposal #4: Select the K_offset value equal to or greater than twice the satellite-UE one-way delay.
Requirements for LEO and GEO
With respect to UE demod requirements the fundamental difference between GEO and LEO is the propagation delay and Doppler shift. With the assumption that Doppler shift / frequency drift are compensated prior to UE baseband processing, we don’t see any difference in UE processing for LEO and GEO. Hence, we don’t see the necessity to introduce different requirements for GEO and LEO. To reduce the number of test cases and requirements we propose to introduce requirements only for LEO. For different propagation delay, different K_offsets would need to be considered for LEO and GEO. To cover GEO and LEO with the same requirements, a large enough K_offset value should be chosen to cover both types. We propose to further discuss this approach.
Proposal #5: Define PDSCH demod requirements for LEO and discuss how requirements can be extended to GEO. Do not define separate set of requirements for GEO.

Modulation order
In [1] it was agreed that QPSK and 16QAM would be used to introduce requirements for NTN UE demod, but 64QAM is FFS. In RAN4#102-e, there was an agreement that 64QAM is optional for NTL in DL and UL. Also, given low SNR conditions we don’t think 64QAM is feasible for NTN. Given these 2 observations, we propose not to introduce requirements with 64QAM for NTN.
Observation #4: 64QAM is optional for NTN in UL and DL.
Proposal #6: Do not consider 64QAM for UE demod requirements due to low SNR conditions for NTN and optional feature.
3. Conclusion
In this paper, we provide our views NTN UE demod requirements. Our observations and proposals are captured below:
General aspects
Observation #1: The Doppler shift at the UE would be compensated prior to baseband processing of NR signals in NTN UE.
Observation #2: By introducing a Doppler shift model in NTE UE demod requirements, we are combining the processing of 2 separate entities which is beyond the scope of UE demod.
Proposal #1: Define requirements with a small residual frequency offset value with assumption of Doppler shift compensation prior to UE baseband processing
Proposal #2: Define requirements without frequency drift for DL demodulation. 
Proposal #3: Define requirements without large timing drift and sampling frequency offset.
PDSCH Demod
Observation #3: The K_offset value should ≥ TA, which is typically twice the UE-Satellite one-way propagation delay.
Proposal #4: Select the K_offset value equal to or greater than twice the satellite-UE one-way delay.
Proposal #5: Define PDSCH demod requirements for LEO and discuss how requirements can be extended to GEO. Do not define separate set of requirements for GEO.
Observation #4: 64QAM is optional for NTN in UL and DL.
Proposal #6: Do not consider 64QAM for UE demod requirements due to low SNR conditions for NTN and optional feature.
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