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1 Introduction
In RAN#103 [1] meeting, there are following objectives of the work item aiming at specifying further enhancements for NG-RAN based NTN: 

	The objectives of the work item are the following:
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


And in RAN2#125bis [2] meeting, there are following agreements for DL Coverage enhancement:
	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 would like to further discuss some solutions about beam level or cell level DTX/DRX mechanism for the power sharing between satellite beams or different satellite beam patterns/size. 
2 Discussion
According to R19 NTN WID [1], to enhance the DL coverage, the power of satellite is considered to be shared only within limited beam directions simultaneously, or decrease the power on a portion of beams across the whole satellite print. The coverage with nominal EIRP density fulfilled can be dynamically changed when the beams with (enough) power change. 
A UE may consider out of cell coverage or under extra-bad quality cell when the beams for the UE’s location are muted or set as low power status due to power sharing. It is possible that such UE keeps on searching cell or detecting signals or requesting scheduling, which may introduce both unnecessary failure report/alarms and energy consumption. Even worse, the UE may totally miss the satellite coverage on duration period if the UE is trying to search signals on other frequency bands during the active period of the beams for UE’s location.
We consider the on/off pattern information of beam(s) is essential for UE to decide if the service provided by the satellite is possible or not to avoid above issues. And Since different beams may have different on/off pattern, the configuration per beam is needed.
Proposal 1: RAN2 supports using Beam level DTX configuration to depict the dynamic power change over the satellite beams.
If Proposal 1 can be agreed by RAN2, then we suggest that the network indicates the beam level DTX/DRX information to UEs. 
Proposal 2: Beam level DTX information should be indicated to UE.
Since same antenna elements may be applied for both DL transmission and UL reception, when the satellite changes the configured beamforming weights, adjusts antenna phases, turns on/off antenna power and etc, to activated or deactivated beam footprint(s) for DL signaling/data, the UL reception for the same beam footprint(s) may also be impacted accordingly if the antenna associated configuration is not able to be switched along with the switch between UL and DL occasions.
We consider if we need to send LS to RAN1 ask if the power sharing based DTX will introduce impact on reception, but before that, we can discuss the impact firstly within RAN2 aspects. 
Proposal 3: RAN2 to discuss beam level DTX will also need beam level DRX.
When the beam is deactivated, no signal will be transmitted on the beam, including SSB, which is different from the R18 NES technology. The dynamic no signal period may introduce serious issues for an Idle mode UE covered only by NTN network intending to discover or access the satellite cell, e.g. the UE may consume too much mobile power or even miss the beam active occasions as described above. The NTN network is expected to provide service for the unserved or under-served geographical areas of TN, where the UE usually lacks of power supply infrastructure. Thus, the unnecessary power consumption for keeping on cell search should be avoided at least when there is no service ongoing.
And according to RAN1#116 [3], the beam footprints are categorized as N1/N2/N3, which means possible transmission of the beam footprint is “off”, “common messages only” or “active traffic”. The beams with “common message only” state will serve the necessary information for cell discovery and initial access.
Thus we consider at least the beam DTX(/DRX) information for common messages should be indicated to the UE to avoid unnecessary cell discovery. Since UE specific signaling may not be possible in the N2 beam footprint for idle mode UE, we propose to apply the broadcast way to indicate the beam DTX(/DRX) information, e.g. via SIB.         
Proposal 4: To support idle mode UE, beam level DTX(/DRX) information is broadcasted via SIB. 
For a connected UE side of view, the cell coverage is just the beam coverage, which provides UE specific service for the UE’s position. And according to the objective of R19 NTN WID [1], Rel-18 network energy saving techniques should be considered as baseline, which introduced cell level DTX/DRX for the serving cell of a specific UE. The structure of cell level DTX/DRX for NES can be enhanced or taken as baseline to notify a connected UE the dynamic coverage information.
Proposal 5: Cell level like DTX/DRX is considered to indicate the dynamic power change for a connected mode UE.
3 Conclusion

In this contribution, we have discussed some solutions about beam level or cell level DTX/DRX mechanism for the power sharing between satellite beams or different satellite beam patterns/size. 
We have the following proposals: 
Proposal 1: RAN2 supports using Beam level DTX configuration to depict the dynamic power change over the satellite beams.
Proposal 2: Beam level DTX information should be indicated to UE.
Proposal 3: RAN2 to discuss beam level DTX will also need beam level DRX.
Proposal 4: To support idle mode UE, beam level DTX(/DRX) information is broadcasted via SIB.
Proposal 5: Cell level like DTX/DRX is considered to indicate the dynamic power change for a connected mode UE.
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