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[bookmark: _Toc116995841]Introduction
The introduction of NR NTN enhancements for Rel-18 has been outlined in the WID [1], with an aim to add functionality to increase features that were introduced in Rel 15, 16 and 17.
RAN4 Demodulation will specify the performance of these new enhancements.
The main objectives from the WID [1] are as follows:
	· Specify RRM performance requirements and test cases [RAN4]
· Specify UE demodulation and CSI reporting requirements [RAN4]
· Specify satellite access node demodulation requirements [RAN4]
· Specify satellite access node conformance tests [RAN4]


For the following enhancements
	4.1.1	Coverage enhancement
4.1.2	NR-NTN deployment in above 10 GHz bands
4.1.3	Network verified UE location
4.1.4	NTN-TN and NTN-NTN mobility and service continuity enhancements



In this paper, we present Nokia’s view on the impact to UE demodulation requirements. 
Within RAN4# 108-bis several open issues were presented in the way forward.
	Issue 2-1-1: Scenario
· Agreement
· At least NGSO scenario to be considered for requirement definition, companies can check whether GSO can also be considered for NTN demod.
· Focus on the mobility scenario assumed by RRM. (Mobility VSAT with LEO is not considered)
Issue 2-1-2: Channel model
· Agreement
· For FR2-NTN, consider NTN-TDLA and/or NTN-TDL-C with down selection if necessary.
· FFS delay and Doppler
· For delay selection, consider the worst case based on typical angle selection, e.g. [30 degree].
· How to derive the Doppler: 
· Option 1: Based on residual frequency error.
· Option 2: Based on UE speed
· FFS UE speed: [120km/h, 1000km/h], other Options are not precluded.
· Interested companies are encourage to propose values for doppler and delay spread.
· Other options are not precluded


Issue 3-1-2: HARQ processes for above 10 GHz bands
· Agreement
· FFS 16 HARQ process, 32 HARQ process, HARQ process disabled.
· Interested Companies can provide further analysis for 16 HARQ process, 32 HARQ process, HARQ process disabled.
Issue 3-1-3: Whether to define UE PDCCH demodulation performance requirements for above 10 GHz bands
· Way forward
· FFS to define new PDCCH requirements for NTN
· FFS to reuse TN PDCCH requirements
Issue 3-1-4: Whether to define UE PBCH demodulation performance requirements for above 10 GHz bands?
· Way forward
· FFS to define new PBCH requirements for NTN
· FFS to reuse TN PBCH requirements
Issue 3-2-1: Frequency/timing drift
· Agreement
· Assumption: UE is assumed to do compensation for frequency and timing drift , and is not part of baseband processing for demod.
· No frequency and timing drift are modelled in Rel-18 NTN UE requirements.
Issue 3-2-2: SCS (except PBCH testing)
· Proposals
· Option 1: 120kHz
Issue 3-2-3: Channel bandwidth
· Proposals
· Option 1: 100MHz
· Option 2: 200MHz
Issue 3-2-4: Antenna configuration
· Proposals
· Option 1
· Take 1Tx1Rx for parabolic VSAT antenna configuration for initial demodulation discussion and input from satellite companies is needed.

Issue 3-2-8: Beamforming and beam steering
· Proposals
· Option 1: Discuss potential beamforming and beam steering mechanism for VSAT devices for NR NTN enhancements.
Issue 3-2-9: Rx phase noise
· Proposals
· Option 1: Take Rx phase noise impact into impairment results and companies could give proper values based on preferred PN model.
· Option 2: Do not consider PN impact.
Issue 3-2-10: Applicability rule
· Proposals
· Option 1: Adding similar applicability rule for FR2 NTN UE optional capabilities as in Rel-17 FR1 NTN UE.




Discussion
Scenario
Based on the discussions in RAN4#108-bis, we believe that the following table represents the scenarios that are in scope for this work item.
	
	GEO Constellation
	LEO Constellation

	Static UE
	In scope
	In Scope

	Mobile UE (up to 1000 km/h)
	In scope
	Out of Scope



[bookmark: _Toc149573214]RAN4 considers both GEO and LEO constellations in scope, with static UEs for both, and mobile only for GEO constellations.
Channel Model
As can be seen in Figure 1, as the LEO SAN transits over the earth there can be a differential in doppler between the furthest point of the cell to the nearest point of the cell which means that residual doppler after correction can vary across the cell, dependent on the UE location on earth.



[bookmark: _Ref149569823]Figure 1 : LEO Constellation SAN transiting over UE

This difference across the cell should be included in any appropriate doppler characteristics within the channel.
[bookmark: _Toc149573215]The doppler shift will vary across the NTN cell.
Further to this effect, we also note that the beamforming effect at frequencies higher than 10 GHz causes significant reduction in the doppler spread within the jakes spectrum, as the multipath components are resolved into effectively a narrow aperture.
[bookmark: _Toc149573216]The doppler spread will be significantly reduced to the beamforming effect of both the SAN and UE.
With both above observations, it would be reasonable to assume a small doppler spread, and a medium shift, therefore NTN-TDLC-5-200 could be a good candidate for a channel model.
[bookmark: _Toc149573217]RAN4 shall use NTN-TDLC-5-200 for definition of requirements.
HARQ Processes
As agreed within the WF for RAN4#108-bis [3], Nokia believes that initial alignment should be on 16 HARQ process with FFS on higher numbers based on initial simulations.
[bookmark: _Toc149573218]RAN4 shall use 16 HARQ process for requirements alignment
PDCCH Requirements for above 10GHz bands
As deployments above 10GHz are expected to have significantly different performance requirements for PDCCH, we believe that new requirements should be defined.
[bookmark: _Toc149573219]PDCCH in NTN deployments above 10GHz is expected to have significantly different performance requirements.
[bookmark: _Toc149573220]RAN4 to define PDCCH requirements for above 10GHz in NTN.
PBCH Requirements for above 10GHz bands
As deployments above 10GHz are expected to have significantly different performance requirements for PBCH, we believe that new requirements should be defined.
[bookmark: _Toc149573221]PBCH in NTN deployments above 10GHz is expected to have significantly different performance requirements.
[bookmark: _Toc149573222]RAN4 to define PBCH requirements for above 10GHz in NTN.
Frequency/Timing Drift
As discussed above, although the UE may be able to compensate for time and frequency shifts, there will be a non-trivial difference across the cell due to the movement of the cell on the surface of the earth, thus this should be included within the channel model as proposed previously.
[bookmark: _Toc149573223]Frequency and Timing drift will differ across the NTN cell.
SCS
Typical deployments in FR2 have been with the use of 120 kHz SCS, therefore initial alignment should be on 120 kHz. This has a further benefit of reducing inter carrier interference for the moderator doppler that may be seen in NTN deployments.
[bookmark: _Toc149573224]RAN4 shall use 120 kHz for SCS for requirements alignment.
CBW
The minimum CBW for FR2 would be 50 MHz with a  maximum of 200 MHz, therefore initially Nokia believes that requirements alignment should be on 100 MHz CBW.
[bookmark: _Toc149573225]RAN4 shall use 100 MHz CBW for requirements alignment.
Antenna Configuration
During RAN4#108-bis in discussion with Viasat and Thales during the online discussions it became apparent that VSAT terminals are typically equipped with dual polarization antennas for uplink and downlink separately. This would indicate that dual polarization downlink would not be available, due to the constraints of the hardware.
Whilst this is a restriction on current VSAT equipment, in future this may not be the case, however for alignment within this Rel-18 work item 1Tx1Rx should be used to define requirements, however this can be revisited in future releases.
[bookmark: _Toc149573226]Current VSAT devices only enable 1Tx1Rx capable antenna configuration.
[bookmark: _Toc149573227]RAN4 shall use 1Tx1Rx for the antenna configuration for requirements definition.
Beamforming and Beam Steering
Nokia believes that from a demodulation perspective that beamforming and beamsteering especially on a 1Tx1Rx scenario should be included within the channel model, as such there is no impact directly on demodulation requirements.
[bookmark: _Toc149573228]Beamforming and Beam Steering does not have direct impact on demodulation requirements and should be included in channel model effects.
[bookmark: _Toc149573229]RAN4 shall not explicitly model beamforming effects for NTN deployments above 10GHz.
Rx Phase Noise
In prior RAN4 activities it has been difficult to reach agreement on an Rx Phase Noise model for alignment, thus we propose that Rx Phase Noise is included in impairment results, explicitly through link-layer modelling.
[bookmark: _Toc149573230]RAN4 has struggled to gain alignment on Rx Phase Noise models in previous work items
We also believe that with the link budget and received SNR that Rx Phase Noise may have minimum impact on demodulation performance.
[bookmark: _Toc149573231]Rx Phase Noise is likely to have little impact on demodulation performance.
[bookmark: _Toc149573232]RAN4 shall define impairment requirements including the impact of Rx Phase Noise, but shall not seek alignment on Rx Phase Noise model.
[bookmark: _Toc116995848]Conclusion
This contribution provides our views on SAN demodulation requirements for Rel-18 NR NTN. Specifically, a series of observation and proposals are made as follows: 
Proposal 1: RAN4 considers both GEO and LEO constallations in scope, with static UEs for both, and mobile only for GEO constalliations.
Observation 1: The doppler shift will vary across the NTN cell.
Observation 2: The doppler spread will be significantly reduced to the beamforming effect of both the SAN and UE.
Proposal 2: RAN4 shall use NTN-TDLC-5-200 for definition of requirements.
Proposal 3: RAN4 shall use 16 HARQ process for requirements alignment
Observation 3: PDCCH in NTN deployments above 10GHz is expected to have significantly different performance requirements.
Proposal 4: RAN4 to define PDCCH requirements for above 10GHz in NTN.
Observation 4: PBCH in NTN deployments above 10GHz is expected to have significantly different performance requirements.
Proposal 5: RAN4 to define PBCH requirements for above 10GHz in NTN.
Observation 5: Frequency and Timing drift will differ across the NTN cell.
Proposal 6: RAN4 shall use 120 kHz for SCS for requirements alignment.
Proposal 7: RAN4 shall use 100 MHz CBW for requirements alignment.
Observation 6: Current VSAT devices only enable 1Tx1Rx capable antenna configuration.
Proposal 8: RAN4 shall use 1Tx1Rx for the antenna configuration for requirements definition.
Observation 7: Beamforming and Beam Steering does not have direct impact on demodulation requirements and should be included in channel model effects.
Proposal 9: RAN4 shall not explicitly model beamforming effects for NTN deployments above 10GHz.
Observation 8: RAN4 has struggled to gain alignment on Rx Phase Noise models in previous work items
Observation 9: Rx Phase Noise is likely to have little impact on demodulation performance.
Proposal 10: RAN4 shall define impairment requirements including the impact of Rx Phase Noise, but shall not seek alignment on Rx Phase Noise model.
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