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Introduction
An objective for Rel-19 NR non-terrestrial networks (NTN) is to study DL coverage impacts and modifications to support dynamic power sharing among satellite beams. Enhancements can be considered at both the link level (e.g., improving the link margin of selected physical channels) and system level (e.g., supporting dynamic and flexible power sharing between beams). Detailed objectives include the following [1]:
	1. [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



Work in RAN1#116 [2] and RAN2#116b [4] has focused on defining additional reference satellite parameters, evaluation metrics, and assumptions. This contribution discusses system-level aspects of dynamic power sharing, specifically the usefulness of UE awareness of power sharing decisions, impacts to measurement reporting, mobility, and cell (re)selection, and minimizing the impact of power sharing on IDLE/INACTIVE UEs.
Discussion
TR 38.821 [3] defines satellite parameters including EIRP (Equivalent Isotropic Radiated Power) per beam. Recent discussion has revealed the parameter set doesn’t account for power limitations onboard a satellite, and for satellites with many beams (e.g., 1200) power must be split among different beams or turned off entirely. This results in lower EIRP density per beam and worse DL coverage than originally expected. 
To address this issue, RAN2 is tasked with identifying system level enhancements to support dynamic and flexible power sharing between satellite beams or different satellite beam patterns/size (i.e. wide or narrow) across the satellite footprint.
UE awareness of dynamic power sharing
Dynamically changing satellite beam power, pattern, or size affects downlink coverage. Coverage variation impacts not only channel reliability and throughput but system-level performance, reducing the effectiveness of various procedures like measurement reporting, mobility, and cell (re)selection.
Observation 1:	Changes to beam power sharing/pattern/size can impact many aspects of the system (e.g., application of DL coverage enhancements, measurement reporting, CHO execution etc.) 
Adjusting reactively (e.g., based on measurement reporting) to a drop in DL coverage risks sub-optimal configuration or even connection loss if issues are not detected/corrected early enough. This is especially important in NTN, where large RTT can introduce significant delays in addressing coverage issues.
Modifying beam power, size or patterns are fully under network control, and thus predictable. A network could notify affected UEs of upcoming power sharing, along with other information like magnitude of power reduction, changes to beam size/pattern, when the changes will apply/end etc. Considering the deterministic nature of satellite movement, this information could also be provided for one or more upcoming neighbour cells/satellites.
Observation 2:	Changes to beam power sharing/pattern/size are based on NW decision and thus predictable. Notifying UEs of upcoming changes can reduce undesirable UE behaviour. 
Providing network assistance information on the current or planned power saving state can inform the UE of how power sharing will impact DL coverage over time, reducing the risk of RLF and service disruption.
Proposal 1:	UE can be notified of changes to beam power sharing/pattern/size.
Impacts of power sharing on measurement reporting
Efficient power allocation improves overall satellite throughput by maximizing the number of beams that can be activated simultaneously. Understanding the impact of a power sharing is important to ensure appropriate satellite beam characteristics (e.g., power level, size etc.) while minimizing impacts to end-user QoS.
Observation 3:	Understanding the impact of a power sharing is important to ensure appropriate satellite beam characteristics (e.g., power level, size etc.) while minimizing impacts to end-user QoS.
A simple way to assess the impact of power sharing is having all UEs report measurements after a change. Although, due to the large cell size and number of UEs typically served by a non-terrestrial network, there may be a significant difference in how a power sharing decision affects different UEs. Having all UEs (even those relatively unaffected) report measurements can lead to large signalling overhead and congestion at the time of power sharing. This could prevent or delay identifying UEs most at risk of connection loss. 
Observation 4:	Identifying UE(s) most affected by a change (e.g., at risk of RLF) is important to support timely (re)configuration and recovery.
Alternatively, the network may configure existing measurement events like A1 (Serving cell becomes better than a threshold) or A2 (Serving cell becomes worse than threshold) to limit reporting to those UEs which fall outside of a boundary. However, existing events like A1 and A2 don’t distinguish between the time before and after a power sharing decision, so there is little information on the relative impact of the power sharing decision. Also, if the network intends to perform a series of upcoming power sharing decisions, the events may need to be continually reconfigured. 
RAN2 should therefore study whether the existing set of measurement events are sufficient to determine and report the impact from power sharing.
Proposal 2:	Clarify whether existing measurement events (e.g., A1, A2) are sufficient to report the impact from change in beam power sharing/pattern/size.
Impacts of power sharing on mobility and cell reselection
Conditional handover (CHO) is important and well suited to an NTN environment considering the deterministic nature of satellite movement and long RTT. However, power sharing changes could impact evaluation and execution of CHO, lowering the overall robustness of the procedure. For example, a UE unaware of future power sharing for a CHO candidate may risk executing the CHO to a cell which is about to experience DL coverage reduction. Similarly, a power sharing change may improve the coverage of a former cell after the CHO was executed, possibly causing the UE to ping pong.
Observation 5:	Future change(s) to beam power sharing/pattern/size in both source cell and target cell could impact evaluation and execution of CHO.
The UE can avoid handing over to a cell which may soon no longer be suitable by considering future power sharing of a CHO candidate, avoiding possible RLF or service interruption due to an incorrect mobility event. This can be supported by providing power sharing assistance information for both the source and candidate cells, as previously discussed.
Proposal 3:	UE can consider a future change to beam power sharing/pattern/size during CHO. 
Similar logic may be applied to cell (re)selection, where knowledge of future power sharing for candidate cells can avoid unnecessary cell reselection, reducing measurements and signalling (e.g., due to tracking area updates). The UE may also consider the future power sharing state of camped and candidate cell(s) when deciding cell (re)selection.
Observation 6:	Future change(s) to beam power sharing/pattern/size in both camped cell and candidate cell(s) could impact cell (re)selection decisions.
Proposal 4:	UE can consider a future change to beam power sharing/pattern/size during cell (re)selection. 
Coordination with RAN1
The following was agreed in RAN2#125bis [5]: 
“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”
RAN1 discussion has focused on defining additional reference satellite parameters, evaluation metrics, and assumptions. Questions to RAN1 regarding specific DL channels or link/system level solutions may be premature considering the (so far) limited state of discussion. However, as previously discussed, providing assistance information to the UE can in general be useful to support enhancements to reduce undesirable UE behaviour and adapt existing procedures during power sharing. Similarly, reporting UE information to the network can facilitate optimized power allocation, throughput, and reachability. 
Information to support RAN1/RAN2 DL coverage enhancements may differ, but signalling of such information will likely be specified by RAN2. An LS should therefore be sent to RAN1 to ask whether any general information provided by the network or reported by the UE could be beneficial and/or necessary to support considered RAN1 DL coverage enhancements. A draft LS is provided in an accompanying contribution [6].
Proposal 5:	Send an LS to RAN1 asking what information (e.g., provided by the network or reported by the UE) could be beneficial/necessary to support RAN1 DL coverage enhancements. 
Maintaining UE reachability during power sharing 
Justification for DL coverage enhancements mentions the following goal [1]: “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.” Ensuring all cells (even those without traffic) can support new users joining is important to maintain reachability for RRC_IDLE/INACTIVE UEs, for example, to receive emergency messaging. It is therefore important that the network consider impacts to RRC_IDLE/INACTIVE UEs when performing power sharing, particularly those without a suitable alternative cell. 
Observation 7:	The network should consider the impact to RRC_IDLE/INACTIVE UEs when deciding changes to beam power sharing/pattern/size to ensure proper support for e.g., RA and SDT.
This is challenging since IDLE/INACTIVE mobility is UE controlled, so the network may not know how many UEs will be impacted by a given power sharing action. Even though a RAN network may obtain a rough estimate of how many INACTIVE state UEs are within a geographic area based on the RNA, for IDLE UEs the information is stored at CN and not known locally to RAN. 
Other possible options could include MDT logging, small data transmission, or initiating random access. However, initiating a connection to report power sharing impact (especially from IDLE) negatively impacts power consumption. RAN2 may therefore study possible options to inform the network of possible power sharing impacts to RRC_IDLE/INACTIVE UEs, considering both signalling overhead and power consumption.
Proposal 6:	Clarify whether existing mechanisms (e.g., TAU/RNAU) are sufficient to track/account for RRC_IDLE/INACTIVE UE(s) during changes in beam power sharing/pattern/size.
Conclusion
In this contribution the following observations and proposals are made regarding DL coverage enhancements in non-terrestrial networks:
Observation 1:	Changes to beam power sharing/pattern/size can impact many aspects of the system (e.g., application of DL coverage enhancements, measurement reporting, CHO execution etc.) 
Observation 2:	Changes to beam power sharing/pattern/size are based on NW decision and thus predictable. Notifying UEs of upcoming changes can reduce undesirable UE behaviour. 
Observation 3:	Understanding the impact of a power sharing is important to ensure appropriate satellite beam characteristics (e.g., power level, size etc.) while minimizing impacts to end-user QoS.
Observation 4:	Identifying UE(s) most affected by a change (e.g., at risk of RLF) is important to support timely (re)configuration and recovery.
Observation 5:	Future change(s) to beam power sharing/pattern/size in both source cell and target cell could impact evaluation and execution of CHO.
Observation 6:	Future change(s) to beam power sharing/pattern/size in both camped cell and candidate cell(s) could impact cell (re)selection decisions.
Observation 7:	The network should consider the impact to RRC_IDLE/INACTIVE UEs when deciding changes to beam power sharing/pattern/size to ensure proper support for e.g., RA and SDT.
Proposal 1:	UE can be notified of changes to beam power sharing/pattern/size.
Proposal 2:	Clarify whether existing measurement events (e.g., A1, A2) are sufficient to report the impact from change in beam power sharing/pattern/size.
Proposal 3:	UE can consider a future change to beam power sharing/pattern/size during CHO. 
Proposal 4:	UE can consider a future change to beam power sharing/pattern/size during cell (re)selection. 
Proposal 5:	Send an LS to RAN1 asking what information (e.g., provided by the network or reported by the UE) could be beneficial/necessary to support RAN1 DL coverage enhancements. 
Proposal 6:	Clarify whether existing mechanisms (e.g., TAU/RNAU) are sufficient to track/account for RRC_IDLE/INACTIVE UE(s) during changes in beam power sharing/pattern/size.
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