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Introduction
For Rel-19 NTN, one objective is to enhance DL coverage. The detailed justification and objective in WID are provided as follows [1]. 
	Offer optimized performance especially when addressing handset terminals (including smartphones with -5.5 dBi antenna gain) w.r.t. downlink coverage considering the NTN deployment constraints such as payload power limitation, large satellite foot print and limited feeder link bandwidth. DL coverage enhancements are needed to accommodate satellite payload constraints which may be unable to have all its beams active with the « nominal » EIRP density per beam (see Section 6.1.1 in TR 38.821) at a given time due to limited power and limited feeder link bandwidth, while maximizing the number of beams that can be activated simultaneously, and ensuring that all user terminals can be served across the satellite foot print while maximizing the overall satellite throughput and ensuring that all satellite’s radio cells are kept alive even without traffic but allowing new users to join or preventing impact on end-user QoS.

DL coverage enhancements can be considered at both
· Link level to improve the link margin of selected physical channels in order to accommodate the EIRP reduction in FR1-NTN. A link margin improvement for physical channels (e.g. PDSCH and PDCCH) may be considered without impact on SSB design. 
· System level to support an efficient dynamic and flexible power sharing between beams or different beam pattern/size (i.e., wide or narrow) across the satellite foot print for FR1-NTN and FR2-NTN.


[bookmark: _Hlk153196886]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




In the last meeting, RAN2 made the following agreements.
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 contribution, we continue to share our views on this objective. 
Discussion
Based on the WID, Rel-19 DL coverage enhancement considers the scenario that only limited number of illuminated satellite beams or beams below the nominal EIRP density are available due to limited power. 
Observation 1: Due to limited power, power sharing and beam hopping among satellite beams are applied to support large NTN coverage.
Power sharing results in beams below the nominal EIRP density. Link level study is needed to evaluate the performance in this scenario. Based on the performance evaluation, what enhancements are needed will be discussed. As we have agreed, RAN2 waits for RAN1 progress on this aspect.
For beam hopping, according to the following RAN1#116 agreement, the scenario to be considered is that among the limited number of illuminated satellite beams, some can serve the common signaling (e.g., system information, etc.) while others serve active user data (e.g., PDSCH, etc.). The pattern of active satellite beams could be adjusted to accommodate traffic. 
[image: cid:image002.png@01DA9C71.AC2F4EF0]
Observation 2: For system level study, beam hopping is modeled with 3 beam status, i.e., N1 satellite beams in state “off”, N2 satellite beams in state “common message only”, N3 satellite beam in state “active traffic”.
On one aspect, we need to understand the mapping between beam footprint (satellite beam) and NR SSB beam or NR cell. In satellite deployment, service area is illuminated by satellite beams. In NR system, only NR beams and cells are visible to UE while satellite beams are transparent to UE. 
In R2-2403276 and R1-2401988, the mapping between satellite beam and NR beam/cell is introduced and discussed. Several observations are listed as follows. 
Observation 3: For the mapping between satellite beam and NR beam/cell:
· The minimum size of NR beam is the satellite beam’s size.
· One-beam per cell and multiple-beam per cell are supported in existing NR specifications and are baseline for NR NTN.
· In existing specifications, number of NR beams is chosen according to the beam width and meant to cover the whole cell. The maximum number of beams L per cell (i.e., the maximum number of SSBs) is dependent on frequency band, L=4 (S-band), 8, 64.

Proposal 1: RAN2 confirm the above observation.
[bookmark: _Hlk166004624]Due the mapping between satellite beam and NR beam/cell, the hopping of satellite beam has to be translated to the hopping of NR beams/cells in NR system. We only need to consider and analyze scenarios based on the hopping of NR beams/cells. One examples of beam/cell hopping is shown below, where one satellite beam mapping to one NR beam is illustrated for simplicity. At time t1, a part of cell 1 and a part of cell 2 are illuminated by beams covering the corresponding area, while cell 3 is not served. At time t2, another part of cell 1 and the edge of cell 2 are illuminated, and cell 3 is switched on.  
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Observation 4: Due the mapping between satellite beam and NR beam/cell, the hopping of satellite beams leads to the hopping of NR beams/cells across 3 states.
Proposal 2: For DL coverage enhancement, RAN2 only considers and discusses scenarios using NR beams/cells mapped from satellite beams (footprints).
For the following discussion, beam refers to NR beam. Due to the mapping of satellite beams to NR beams/cells and the possibility of one-beam per cell and multi-beam per cell, a whole NR beam/cell or a portion of a NR beam/cell can be illuminated, and the illuminated area can be served with common message beams and/or active traffic beams. Among all possible scenarios, it is necessary to first decides the cases to be considered/supported by the NW.
From beam perspective, two cases are possible, while case 2 may not be preferred in terms of complexity and practical deployment.
· Case 1: The area covered by each NR beam is in one state of either off, common message, or active traffic.
· Case 2: The area covered by a NR beam can be in a mixed state of either off, common message, or active traffic (i.e., multiple satellite beams in different states are mapped to a NR beam/cell).
From cell perspective, both one-beam per cell and multi-beam per cell can be considered.
Combining the two perspectives, possible cases are listed as follows. Different case could be applicable to earth (quasi)-fixed system or earth-moving system. For earth-moving cell, we may consider the simplest case 1. If necessary, we can ask RAN1 for more details regarding the supported cases.
· Case 1: One-beam per cell + single-state beam
· one-beam per cell with either an off beam, a common message beam, or an active traffic beam, the whole cell/beam is in the same state.
· Case 2: One-beam per cell + multi-state beam
· One-beam per cell with either an off beam, a common message beam, or an active traffic beam, the whole cell/beam is in mixed states (i.e., multiple satellite beams in different states are mapped to a NR beam/cell).
· Case 3: Multi-beam per cell + single-state cell
· Multi-beam per cell with all off beams, or all common message beams, or all active traffic beams, the whole cell is in the same state.
· Case 4: Multi-beam per cell + multi-state cell + single-state beam
· Multi-beam per cell with a mix of off beams, common message beams, or active traffic beams, the area covered by each NR beam is in one state, different areas of the cell can be in different states.
· Case 5: Multi-beam per cell + multi-state cell + multi-state beam 
· Multi-beam per cell with a mix of off beams, common message beams, or active traffic beams, the area covered by an NR beam are in a mixed state (due to multiple satellite beams in different states are mapped to a NR beam/cell), different areas of the cell can be in different states.
Observation 5: Due to the mapping of satellite beams to NR beams/cells and the possibility of one-beam per cell and multi-beam per cell, a whole cell or a portion of a cell can be illuminated and the illuminated area can be served with NR beams with a single state or a mixed state of off, common message, or active traffic.
Proposal 3: RAN2 to discuss the scenarios to be considered for earth (quasi)-fixed system and earth-moving system among the followings.
· Case 1: One-beam per cell + single-state beam
· one-beam per cell with either an off beam, a common message beam, or an active traffic beam, the whole cell/beam is in the same state.
· Case 2: One-beam per cell + multi-state beam
· One-beam per cell with either an off beam, a common message beam, or an active traffic beam, the whole cell/beam is in mixed states (i.e., multiple satellite beams in different states are mapped to a NR beam/cell).
· Case 3: Multi-beam per cell + single-state cell
· Multi-beam per cell with all off beams, or all common message beams, or all active traffic beams, the whole cell is in the same state.
· Case 4: Multi-beam per cell + multi-state cell + single-state beam
· Multi-beam per cell with a mix of off beams, common message beams, or active traffic beams, the area covered by each NR beam is in one state, different areas of the cell can be in different states.
· Case 5: Multi-beam per cell + multi-state cell + multi-state beam 
· Multi-beam per cell with a mix of off beams, common message beams, or active traffic beams, the area covered by an NR beam are in a mixed state (due to multiple satellite beams in different states are mapped to a NR beam/cell), different areas of the cell can be in different states.
On the second aspect, it is helpful to build a common understanding on what NW can serve/support with different satellite beam state. Our interpretation of RAN1 agreement is that for satellite beam in state off, the corresponding area are temporarily out of service/coverage although the area is still under the satellite coverage. For satellite beam in state common message, at least system information and paging are broadcasted, and RACH for initial access is supported. This state can be similar to the inactive state of Rel-18 cell DTX/DRX. 
Proposal 4: RAN2 to discuss what NW can serve/support with different satellite beam state and confirm with RAN1 if necessary.
· for satellite beam in state off, whether the corresponding area are temporarily completely out of service/coverage or not.
· for satellite beam in state common message, at least system information and paging are broadcasted, and RACH for initial access is supported.

Furthermore, how long can a satellite beam stay in one state is important. For different duration, NW and UE behavior might be different. For example, if the off state is relatively short, NW may not want to lose connection to UE and impacts to UE could be negligible; if the off state is very long, disconnection or handover may be inevitable. Hence, we suggest to confirm with RAN1 the duration of each satellite beam state.
Proposal 5: Ask RAN1 the typical duration to be considered for satellite beam in state off, common message, and active traffic. 
Based on the above analysis, beam/cell illumination pattern can be considered in terms of time and coverage area. If RAN1 study shows enhancements are necessary, it would be beneficial to inform UE the pattern of beams/cells in different states and introduce rules of UE behavior in different states. This is more motivated for the purpose of UE power saving, instead of DL coverage enhancement. The following issues can be considered at least. 
Issue 1: how to provide the information of beam/cell pattern? 
· System information is useful for UE in all RRC states.
· Whether dedicated signaling is needed
Issue 2: how to model the beam/cell pattern in time and/or coverage area? 
· How to signal timing information for 3-state beam/cell pattern, and whether cell DTX/DRX can be used as baseline.
· Whether geographic area information is needed. This may depend on the cases to be supported in P2.
Issue 3: any rules for UE behavior in each beam/cell state?
· For RRC connected UE, behavior in inactive state of cell DTX/DRX might be considered as baseline under beams/cells of common message. 
· Whether/how to specify/enhance UE behavior when transit to time/area with beam/cell in state of off. This may depend on the duration of state off.
· Any impacts to cell reselection for RRC idle/inactive UEs.

Proposal 6: Based on RAN1 study outcome, RAN2 to consider to inform UE the pattern of beams/cells in different states and potential impacts to UE behavior in different states.
Conclusion
Based on the discussion above, we provide the following proposals.
Observation 1: Due to limited power, power sharing and beam hopping among satellite beams are applied to support large NTN coverage.
Observation 2: For system level study, beam hopping is modeled with 3 beam status, i.e., N1 satellite beams in state “off”, N2 satellite beams in state “common message only”, N3 satellite beam in state “active traffic”.
Observation 3: For the mapping between satellite beam and NR beam/cell:
· The minimum size of NR beam is the satellite beam’s size.
· One-beam per cell and multiple-beam per cell are supported in existing NR specifications and are baseline for NR NTN.
· In existing specifications, number of NR beams is chosen according to the beam width and meant to cover the whole cell. The maximum number of beams L per cell (i.e., the maximum number of SSBs) is dependent on frequency band, L=4 (S-band), 8, 64.

Observation 4: Due the mapping between satellite beam and NR beam/cell, the hopping of satellite beams leads to the hopping of NR beams/cells across 3 states.
Observation 5: Due to the mapping of satellite beams to NR beams/cells and the possibility of one-beam per cell and multi-beam per cell, a whole cell or a portion of a cell can be illuminated and the illuminated area can be served with NR beams with a single state or a mixed state of off, common message, or active traffic.

Proposal 1: RAN2 confirms the observation for the mapping between satellite beam and NR beam/cell:
· The minimum size of NR beam is the satellite beam’s size.
· One-beam per cell and multiple-beam per cell are supported in existing NR specifications and are baseline for NR NTN.
· In existing specifications, number of NR beams is chosen according to the beam width and meant to cover the whole cell. The maximum number of beams L per cell (i.e., the maximum number of SSBs) is dependent on frequency band, L=4 (S-band), 8, 64.
Proposal 2: For DL coverage enhancement, RAN2 only considers and discusses scenarios using NR beams/cells mapped from satellite beams (footprints).
Proposal 3: RAN2 to discuss the scenarios to be considered for earth (quasi)-fixed system and earth-moving system among the followings.
· Case 1: One-beam per cell + single-state beam
· one-beam per cell with either an off beam, a common message beam, or an active traffic beam, the whole cell/beam is in the same state.
· Case 2: One-beam per cell + multi-state beam
· One-beam per cell with either an off beam, a common message beam, or an active traffic beam, the whole cell/beam is in mixed states (i.e., multiple satellite beams in different states are mapped to a NR beam/cell).
· Case 3: Multi-beam per cell + single-state cell
· Multi-beam per cell with all off beams, or all common message beams, or all active traffic beams, the whole cell is in the same state.
· Case 4: Multi-beam per cell + multi-state cell + single-state beam
· Multi-beam per cell with a mix of off beams, common message beams, or active traffic beams, the area covered by each NR beam is in one state, different areas of the cell can be in different states.
· Case 5: Multi-beam per cell + multi-state cell + multi-state beam 
· Multi-beam per cell with a mix of off beams, common message beams, or active traffic beams, the area covered by an NR beam are in a mixed state (due to multiple satellite beams in different states are mapped to a NR beam/cell), different areas of the cell can be in different states.
Proposal 4: RAN2 to discuss what NW can serve/support with different satellite beam state and confirm with RAN1 if necessary.
· for satellite beam in state off, whether the corresponding area are temporarily completely out of service/coverage or not.
· for satellite beam in state common message, at least system information and paging are broadcasted, and RACH for initial access is supported.

Proposal 5: Ask RAN1 the typical duration to be considered for satellite beam in state off, common message, and active traffic. 
Proposal 6: Based on RAN1 study outcome, RAN2 to consider to inform UE the pattern of beams/cells in different states and potential impacts to UE behavior in different states.
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For system level study based on analytical evaluation:
e N1 beam footprints are in state “off”
o These beam footprints are not served by any signal (no satellite service in this area)
® N2 beam footprints are in state “common messages only”
o These beam footprints do not have any active user traffic. and are served the
necessary information for cell discovery and initial access.
o Optionally, companies may consider user arrival (e.2. RACH access) in this type of
cell. and should describe how this is taken into account in the analytical evaluation
* N3 beam footprints are in state “active traffic”
o These beam footprints have X active (e.g. VONR) users each.
o These beam footprints are also served the necessary information for cell discovery
and initial access
N1+ N2 + N3 = “Total number of beam footprints *
N1. N2. N3, X are to be reported by companies.
Resource utilization obtained under the assumptions above is to be reported by companies
Other assumptions made in the evaluation are to be reported by companies. e.g. power
sharing scheme. beam hopping scheme, etc




