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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 SAN demodulation requirements.      
Within RAN4# 108-bis several open issues were presented in the way forward which will be discussed in this contribution.
	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 4-1-1: Which feature can be considered for SAN PUSCH demodulation performance requirements for above 10 GHz bands?
· Agreement
· Define PUSCH with DFT-S-OFDM and CP-OFDM demodulation performance requirements for above 10 GHz bands.
· FFS PUSCH repetition Type A, companies can do some analysis on the link budget.
· Do not consider UL timing adjustment
Issue 4-1-4: Whether to define SAN PUSCH demodulation performance requirements for DMRS bundling?
· Agreement
· Define SAN PUSCH demodulation performance requirements for DMRS bundling for FR1 only if RF confirm that phase continuous is feasible.
Issue 4-2-1: Frequency and timing drift
· Agreement
· Assumption: UE will do pre-compensation for frequency and timing drift.
· No frequency and timing drift are modelled in Rel-18 NTN SAN requirements.
Issue 4-2-2: SCS and channel bandwidth
· Agreement
· Start demod work with 120 kHz SCS for initial alignment.  If RRM concludes that 120 kHz SCS is not feasible, then further discussion is needed at that time on how to proceed
· FFS channel bandwidth
Issue 4-2-3: Antenna configuration
· Agreement
· For the SAN Rx, we need both 1Rx and 2Rx.  For UE Tx, more discussion is needed to cover 1 Tx only or also 2Tx.
Issue 4-2-4: MCS & rank
· Agreement
· Postpone to discuss this issue after channel model is selected.
· Companies can do some link budget analysis until the next meeting.




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][bookmark: _Toc149588386]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 very narrow differential in doppler across the aperture of the uplink beam which means that residual doppler after any assumed correction can vary across the beam, dependent on the SAN location within the beam.



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

The aperture of this beam can be narrow but should be non-negligible and will leave a residual doppler represented in the diagram above as ‘x’.
[bookmark: _Toc149573215][bookmark: _Toc149588387]The doppler shift will vary within the uplink beam.
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][bookmark: _Toc149588388]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 small shift, therefore NTN-TDLC-5-10 could be a good candidate for a channel model.
[bookmark: _Toc149573217][bookmark: _Toc149588389]RAN4 shall use NTN-TDLC-5-10 for definition of requirements.

PUSCH Waveform Type
Due to constrained link budgets, we feel it is wise to align performance for PUSCH with both precoding enabled and disabled, as such with both DFT-s-OFDM and CP-OFDM, as this would enable UE devices to operate with minimum PAPR.
[bookmark: _Toc149588390]DFT-s-OFDM would enable reduced PAPR and as such higher effective transmit powers.
[bookmark: _Toc149588391]RAN4 shall define requirements for PUSCH with both CP-OFDM and DFT-s-OFDM
Frequency and 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 uplink beam due to the uplink beam aperture, thus this should be included within the channel model as proposed previously.
[bookmark: _Toc149573223][bookmark: _Toc149588392]Frequency and Timing drift will differ across the uplink beam, and should be incorporated within channel model effects.

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][bookmark: _Toc149588393]RAN4 shall use 120 kHz for SCS for requirements alignment.
Channel Bandwidth
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][bookmark: _Toc149588394]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][bookmark: _Toc149588395]Current VSAT devices only enable 1Tx1Rx capable antenna configuration.
One could assume that this approach is mirrored on the SAN therefore we feel it would be sensible to have a similar antenna configuration for the SAN.
[bookmark: _Toc149573227][bookmark: _Toc149588396]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][bookmark: _Toc149588397]Beamforming and Beam Steering does not have direct impact on demodulation requirements and should be included in channel model effects.
[bookmark: _Toc149573229][bookmark: _Toc149588398]RAN4 shall not explicitly model beamforming effects for NTN deployments above 10GHz.

Rank
Nokia believes that to optimise link budget that irrespective of Antenna configuration a Rank of 1 should be used, it is also noteworthy that VSAT capabilities as discussed at RAN4#108-bis are only currently suitable of transmitting from a single DM-RS port, such that only Rank 1 can be achieved.
[bookmark: _Toc149588399]A rank of 1 is the most sensible choice of rank for NTN enhancements performance requirements derivation
[bookmark: _Toc149588400]RAN4 shall use a rank of 1 for NTN performance requirements.
[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 constellations in scope, with static UEs for both, and mobile only for GEO constellations.
Observation 1: The doppler shift will vary within the uplink beam.
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-5-10 for definition of requirements.
Observation 3: DFT-s-OFDM would enable reduced PAPR and as such higher effective transmit powers.
Proposal 3: RAN4 shall define requirements for PUSCH with both CP-OFDM and DFT-s-OFDM
Observation 4: Frequency and Timing drift will differ across the uplink beam, and should be incorporated within channel model effects.
Proposal 4: RAN4 shall use 120 kHz for SCS for requirements alignment.
Proposal 5: RAN4 shall use 100 MHz CBW for requirements alignment.
Observation 5: Current VSAT devices only enable 1Tx1Rx capable antenna configuration.
Proposal 6: RAN4 shall use 1Tx1Rx for the antenna configuration for requirements definition.
Observation 6: Beamforming and Beam Steering does not have direct impact on demodulation requirements and should be included in channel model effects.
Proposal 7: RAN4 shall not explicitly model beamforming effects for NTN deployments above 10GHz.
Observation 7: A rank of 1 is the most sensible choice of rank for NTN enhancements performance requirements derivation
Proposal 8: RAN4 shall use a rank of 1 for NTN performance requirements.
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