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1. Introduction
Non-terrestrial network (NTN) specification was first defined during Rel-17 assuming transparent payload for both GSO and NGSO scenarios. In Rel-18, enhancements are being considered for NTN scenarios. To this end, it was agreed that RAN4 will introduce performance requirement for NGSO scenarios during RAN4#108-bis [1]. In paper, we share our views on the remaining open issues.
2. General Aspects
2.1 ScenarioScenario
· 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)

For the NGSO scenario in Rel-18, VSAT mobility under LEO scenario is not considered. On the other hand, VSAT can be mobile while satellite is stationary for GSO scenario. Furthermore, it was agreed during the last meeting that Doppler due to satellite mobility will not be considered for demodulation requirements in NTN enhancements. Therefore, GSO scenarios with mobile VSAT can be more challenging from demodulation perspective compared to LEO scenarios with stationary VSAT.
Observation 1: Mobile VSAT under LEO scenarios will not be considered in Rel-18.
Observation 2: Since Doppler due to satellite mobility will not be considered in demodulation requirements, GSO scenarios with mobile VSAT may pose more challenges from demodulation perspective compared to the stationary VSAT under LEO scenarios.
Proposal 1: Introduce performance requirements for GSO scenarios.
2.1 Channel ModelChannel 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

As in Rel-17 NTN, we support deriving Doppler based on residual frequency error. However, deriving Doppler based on the residual frequency error could lead to very high Doppler values due to high carrier frequency. Therefore, a lower Doppler should be considered.
Observation 3: Doppler derivation based on residual frequency error could lead to very high Doppler value due to high carrier frequency.
Proposal 2: Derive Doppler based on residual frequency error (i.e., 0.1ppm), but Doppler value should not be greater than 0.5% of the SCS (e.g., 600Hz for 120KHz SCS)
3. UE Demodulation Requirements
In the following, we share our views on UE demodulation aspects.
3.1 HARQ ProcessHARQ 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.

During the last meeting, RAN4 discussed possible HARQ configurations. We think that 16 HARQ processes can be considered as a baseline for performance requirements.
Proposal 3: Consider 16 HARQ processes for both GSO and NGSO scenarios as a baseline. Further discuss 32 HARQ processes.
3.2 PDCCH RequirementsWhether 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

In Rel-17 NTN, there were no performance requirements defined for PDCCH. Furthermore, we note that PDSCH performance may inherently guarantee the PDCCH performance. Besides, legacy RAN4 requirements in the demodulation specification is band agnostic. Since we already agreed to define PDSCH performance, it may not be necessary to define PDCCH performance requirement.
Proposal 4: Do not define PDCCH performance requirement for NR NTN enhancements. 
3.3 PBCH RequirementsWhether 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

In Rel-17 NTN, there were no performance requirements defined for PBCH. Following the similar approach, we think that PBCH performance is not necessary to be defined in Rel-8.
Proposal 5: Do not define PBCH performance requirement for NTN enhancements. 
3.4 CSI RequirementsWhether to define UE CSI reporting requirements for above 10 GHz bands?
· Agreement
· Do not consider PMI reporting and RI reporting.
· Companies can provide feasibility analysis on CQI reporting under AWGN or fading channels.

During last meeting, it was agreed not to define PMI and RI reporting requirement for NTN enhancement. We note that the RTT delay could be very large in NTN transmission. For example, the maximum RTT for LEO600 could be 25.77ms (propagation delay only) [2]. Therefore, the CSI feedback may not be representative of the channel condition due to large propagation delay by the time it is applied for DL transmission.
Proposal 6: Do not define CQI reporting requirement for NTN enhancements. 
4. General Aspects
In the following, we share our views on general aspects.
4.1 SCS
As mentioned in the WID, the deployment scenarios would be above 10GHz. Therefore, a higher SCS should be considered, e.g., compared to Rel-17 FR1 frequency band. In our view, 120KHz SCS would be a good choice for this frequency range.SCS (except PBCH testing)
· Proposals
· Option 1: 120kHz

Proposal 7: Support Option 1 (120KHz SCS for NR NTN enhancements).
4.2 Channel Bandwidth
Legacy TN RAN4 requirements is predominantly defined for 100MHz bandwidth at 120KHz SCS. We propose to use same bandwidth for PDSCH requirements for NR NTN enhancement.Channel bandwidth
· Proposals
· Option 1: 100MHz
· Option 2: 200MHz

Proposal 8: Support Option 1 (100MHz bandwidth). Further discuss 200MHz bandwidth.
4.3 Antenna ConfigurationAntenna configuration
· Proposals
· Option 1
· Take 1Tx1Rx for parabolic VSAT antenna configuration for initial demodulation discussion and input from satellite companies is needed.

We are of the opinion that further input from satellite companies are needed on this issue.
Proposal 9: Support Option 1 (Take 1Tx1Rx for parabolic VSAT antenna configuration for initial demodulation discussion and input from satellite companies is needed).
4.4 Beamforming and Beam SteeringBeamforming and beam steering
· Proposals
· Option 1: Discuss potential beamforming and beam steering mechanism for VSAT devices for NR NTN enhancements.

The device type assumed for this work item, i.e., VSAT devices may have directive antennas. To facilitate the transmission with directive antennas, it may be useful to study relevant beam-steering approach, as specified in 38.101-4 (section B.2.3.2.3).
Observation 4: VSAT devices may have directive antennas.
Proposal 10: Consider beam steering approach as specified in 38.101-4 (Sec B.2.3.2.3).
4.5 Rx Phase NoiseRx 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.

Since we are considering 120KHz SCS, similar to other demodulation work items for FR2, we support considering Rx phase noise.
Proposal 11: Support Option 1 (Take Rx phase noise impact into impairment results and companies could give proper values based on preferred PN model).
4.6 Applicability Rule
In our view, this should be discussed in conjuction with scenario (issue 2-1-1). Therefore, we think that this can be discussed once Isseue 2-1-1 is settled.
Proposal 12: Consider applicability rule after discussion about scenario (Issue 2-1-1 in the WF) is settled.
5. Test Setup
In the following, we share our views on general aspects.
5.1 MCS/RankMCS for PDSCH
· Proposals
· Option 1: 16QAM as baseline, FFS 64QAM based on link budget analysis.
· Option 2: QPSK, 16QAM
· Option 3: MCS4 (QPSK, 0.30) and MCS13 (16QAM, 0.48)
Rank for PDSCH
· Proposals
· Option 1: Rank 1

During Rel-17, we defined PDSCH performance requirements for up to 16QAM with rank 1. We think that 16 QAM can also be considered as a baseline for NTN enhancements in Rel-18.
Proposal 13: Define PDSCH performance requirement for rank 1 transmission.
Proposal 14: Consider 16QAM modulation order as a baseline. Further discuss 64QAM modulation order.
6. Conclusions
In this paper, we share our views on the remaining issues for NR NTN enhancements. The following have been proposed.
Observation 1: Mobile VSAT under LEO scenarios will not be considered in Rel-18.
Observation 2: Since Doppler due to satellite mobility will not be considered in demodulation requirements, GSO scenarios with mobile VSAT may pose more challenges from demodulation perspective compared to the stationary VSAT under LEO scenarios.
Proposal 1: Introduce performance requirements for GSO scenarios.
Observation 3: Doppler derivation based on residual frequency error could lead to very high Doppler value due to high carrier frequency.
Proposal 2: Derive Doppler based on residual frequency error (i.e., 0.1ppm), but Doppler value should not be greater than 0.5% of the SCS (e.g., 600Hz for 120KHz SCS)
Proposal 3: Consider 16 HARQ processes for both GSO and NGSO scenarios as a baseline. Further discuss 32 HARQ processes.
Proposal 4: Do not define PDCCH performance requirement for NR NTN enhancements. 
Proposal 5: Do not define PBCH performance requirement for NTN enhancements. 
Proposal 6: Do not define CQI reporting requirement for NTN enhancements. 
Proposal 7: Support Option 1 (120KHz SCS for NR NTN enhancements).
Proposal 8: Support Option 1 (100MHz bandwidth). Further discuss 200MHz bandwidth.
Proposal 9: Support Option 1 (Take 1Tx1Rx for parabolic VSAT antenna configuration for initial demodulation discussion and input from satellite companies is needed).
Proposal 10: Consider beam steering approach as specified in 38.101-4 (Sec B.2.3.2.3).
Proposal 11: Support Option 1 (Take Rx phase noise impact into impairment results and companies could give proper values based on preferred PN model).
Proposal 12: Consider applicability rule after discussion about scenario (Issue 2-1-1 in the WF[1]) is settled.
Proposal 13: Define PDSCH performance requirement for rank 1 transmission.
Proposal 14: Consider 16QAM modulation order as a baseline. Further discuss 64QAM modulation order.
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