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1. Introduction
During the 103th meeting of RAN, a new WI on NTN for NR phase 3 was approved, including the following objective:
	[bookmark: _Hlk153196886]1.  Study and specify if beneficial downlink coverage enhancements targeting support for additional reference satellite payload parameters covering both GSO and NGSO constellations operating in FR1-NTN or FR2-NTN [RAN1, RAN2, RAN4]
· Define additional reference satellite payload parameters assuming power sharing among satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint, such that satellite beams may not all be simultaneously active or may be active below the nominal EIRP density per satellite beam (see section 6.1.1 in TR 38.821) due to limited power and limited feeder link bandwidth.
· Define the corresponding power sharing assumptions and necessary link level and system level evaluation methodology and relevant KPIs for evaluations of the coverage, to allow for identification of physical channels/signals and system-level aspects that need enhancements and the corresponding needed improvements.
· Study and if needed specify solutions, including link level enhancements for FR1-NTN (e.g. for PDCCH, PDSCH) and/or system level enhancements for FR1-NTN and/or FR2-NTN, allowing dynamic and flexible power sharing between satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint.
· Notes for this objective:
· SSB channel enhancement is not considered
· Antenna gain of UE shall be assumed to be -5.5dBi in case of smartphone in FR1-NTN, the UE is assumed to be a full duplex UE, and at least 2Rx are considered at the UE
· NGSO to be considered in priority: LEO Set-1 @ 600 km
· Rel-18 network energy saving techniques should be considered as baseline in the system level study


The first discussion regarding the new WI took place during 125bisth meeting of RAN WG2 and then, the following agreements were made for downlink coverage enhancements in NTN.
	Agreements:
1.  With regard to link level enhancement, RAN2 waits for RAN1 agreement on the DL channels to enhance before starting any RAN2 work.
2.	We will continue the discussion on RAN2 aspects of DL coverage enhancements (e.g. cell level / beam level DTX/DRX mechanism, etc.) in the next meetings, trying to identify questions to RAN1 for aspects where we need their input


In this paper, we would like to provide our views on the highlighted aspects on downlink coverage enhancements in NTN.
2. Discussion on cell/beam DTX/DRX mechanism
[bookmark: _Hlk85194802]According to the agreement of RAN1 in the last meeting, the following beam states are considered for system level study:
· N1 beam footprint are in state “off”
· These beam footprints are not served by any signal (no satellite service in this area)
· N2 beam footprint are in state “common messages only”
· These beam footprints do not have any active user traffic, and are served the necessary information for cell discovery and initial access.
· Optionally, companies may consider user arrival (e.g. RACH access) in this type of cell, and should describe how this is taken into account in the analytical evaluation
· N3 beam footprint are in state “active traffic”
· These beam footprints have X active (e.g. VoNR) users each.
· These beam footprints are also served the necessary information for cell discovery and initial access.
· N1 + N2 + N3 = “Total number of beam footprints “
Since Rel-18 NES is considered as baseline in the system level study according to the objectives of this WI, we have to confirm whether or not cell DTX/DRX mechanism introduced in Rel-18 NES can be directly applied for support of the aforementioned beam states as it is.
Proposal 1: RAN2 to confirm whether or not cell DTX/DRX mechanisms introduced in Rel-18 NES can be directly applied for downlink coverage enhancements in NTN as it is.
To access the applicability of the DTX/DRX mechanism in Rel-19 NES, it is imperative to look into the differences between Rel-18 NES and beam hopping in NTN. The main features of cell DTX/DRX mechanisms in Rel-18 NES are outlined below:
· Cell-level DTX/DRX operation
· DTX/DRX can be configured independently.
· It is only applicable to RRC connected UE.
· During cell DTX non-active duration, UE does not monitor PDCCH in determined cases and SPS occasions.
· During cell DRX non-active duration, UE des not have transmission on CG resources and SR transmission.
· It has no impact on transmission of RACH, paging, SIBs and SSB.
On the other hand, the main features of beam hopping operation for downlink coverage enhancements in NTN are as follows:
· Possible NR beam-level hopping operation
· For instance, in case of multiple NR beams per one NR cell within one satellite
· Beam hopping is applied for both transmission and reception.
· It is appliable to RRC connected as well as Idle mode UEs
· In state N1, UE does not have any transmission and reception.
Considering these different features between Rel-18 NES and beam hopping in NTN, we believe that new DTX/DRX mechanisms similar to those in Rel-18 NES should be considered for downlink enhancements in NTN
Proposal 2: RAN2 to consider new DTX/DRX mechanisms for downlink coverage enhancement in NTN, similar to those in Rel-18 NES
Next, while existing DTX/DRX mechanisms in Rel-18 NES are operated at the cell level, meaning that all UEs within a single cell are subject to the same DTX/DRX configurations in their UE behaviour, the support of beam hopping in NTN requires independent configuration of DTX/DRX operations for each physical satellite beam. In scenarios where a single NR cell comprises multiple NR beams, with each NR beam mapped to a distinct physical satellite beam, cell-level DTX/DRX mechanisms cannot adequately support the independent DTX/DRX operation of each physical satellite beam.
Proposal 3: RAN2 to consider NR beam-level DTX/DRX mechanisms for downlink coverage enhancement in NTN.
Furthermore, considering the purpose of implementing the beam hopping technique, such as the limitation on SWaP-C of satellite payload, we believe that simultaneous beam hopping in both downlink and uplink is likely to be of particular interest.
Proposal 4: As an initial consideration, simultaneous DTX/DRX operation can be considered for downlink coverage enhancement in NTN.
According to the agreement of RAN1, it is noted that beam hopping operation in NTN involves three states, which differs from the two states defined in Rel-18 NES. Therefore, the following two active durations need to be defined to accommodate the three types of beam states.
· N2 active duration (start and end time) and periodicity
· UE behaviour
· Reception of paging, SIBs and SSB and transmission of RACH
· No monitor of PDCCH in determined cases and SPS occasions (similar to Rel-18 NES)
· No transmission of CG resources and SR transmission (similar to Rel-19 NES)
· N3 active duration (Start and end time) and periodicity
· UE behaviour
· Similar to those in non-active duration of Rel-18 NES
· N2 and N3 non-active duration
· UE behaviour: No transmission and Reception
Proposal 5: RAN2 to consider two active durations (for N1 & N2, N2 & N3 or N1 & N3 beam states) and one non-active duration in DTX/DRX operation for downlink coverage enhancement in NTN.
· N2 active duration (start and end time) and periodicity
· N3 active duration (Start and end time) and periodicity
· N2&N3 non-active duration (=N1 active duration)
In addition, the detail values for these active durations and periodicities should be determined from the study results of RAN1, ensuring no adverse impact on performance of receiving paging, SIBs and SSB as well as the transmission of RACH.
Proposal 5: RAN2 to wait for the study results from RAN1 for the detailed designs of DTX/DRX mechanisms (e.g. active durations and periodicities) under no adverse impact of performance related to receiving paging, SIBs and SSB as well as RACH procedure.
Finally, considering that beam hopping operation can be applied to both RRC connected and Idle UEs, these DTX/DRX configurations for beam hopping can be signalled via system information. In real implementation, while DTX/DRX operation for the N2 beam state would be semi-statistically configured, for the N3 beam state, where RRC connected UE are existed, it could be dynamically configured via DCI.
Proposal 6: RAN2 to consider the signalling of DTX/DRX configurations for downlink coverage enhancements via system information (at least for DTX/DRX configuration for N1 & N2 beam states).
3. Conclusions
Proposal 1: RAN2 to confirm whether or not cell DTX/DRX mechanisms introduced in Rel-18 NES can be directly applied for downlink coverage enhancements in NTN as it is.
Proposal 2: RAN2 to consider new DTX/DRX mechanisms for downlink enhancement in NTN, similar to those in Rel-18 NES
Proposal 3: RAN2 to consider NR beam-level DTX/DRX mechanisms for downlink enhancement in NTN.
Proposal 4: As an initial consideration, simultaneous DTX/DRX operation can be considered for downlink enhancement in NTN.
Proposal 5: RAN2 to consider two active durations (for N1 & N2, N2 & N3 or N1 & N3 beam states) and one non-active duration in DTX/DRX operation for downlink enhancement in NTN.
· N2 active duration (start and end time) and periodicity
· N3 active duration (Start and end time) and periodicity
· N2&N3 non-active duration
Proposal 5: RAN2 to wait for the study results from RAN1 for the detailed designs of DTX/DRX mechanisms (e.g. active durations and periodicities) under no adverse impact of performance related to receiving paging, SIBs and SSB as well as RACH procedure.
Proposal 6: RAN2 to consider signalling of DTX/DRX configurations for downlink coverage enhancements via system information (at least for DTX/DRX configuration for N1 & N2 beam states).
