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Introduction
Downlink coverage enhancement is included in the scope of the Rel-19 work item for NTN with the following identified tasks [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

[bookmark: _Ref473802466][bookmark: _Ref462669569]In this contribution, we discuss potential mechanisms for power sharing among beams and propose link and system level enhancements for flexible power sharing. 

Power sharing among satellite beams
As shown in Figure 1, Power sharing among beams can be realized through time division multiplexing (TDM), frequency division multiplexing (FDM), reduced power spectral density (PSD), or any combinations thereof.  


Figure 1. Means for power sharing among two satellite beams.

Existing NR specification allows flexible power sharing through TDM, FDM, and reduced PSD. Below we discuss limits of the aforementioned mechanisms.
· TDM: A satellite beam must maintain a minimum duty cycle according to the NR specifications. For instance, SSB must be transmitted once every 20 ms (which can be extended to 160 ms if only connected UEs are to be served). In addition, SIB1 is transmitted every 160 ms with variable repetition periodicities within a 160 ms duration. 

· FDM: SSB has 20 RBs or about 3.6 MHz with 15 KHz SCS, which also defines the minimal bandwidth for a BWP. For 15 kHz SCS, the minimal BW for CORESET 0 is 24 RBs or 4.32 MHz. A CORESET  with 24 RBs and 2 symbols has only 8 CCEs and is just enough for a PDCCH with aggregation level (AL) 8. The transmission bandwidth of PDSCH can be smaller and is up to gNB scheduling. 

· Reduced PSD: Reducing the PSD of each satellite beam is also an effective way of allowing power sharing among beams. At low SNR, however, reducing PSD to the level that requires excessive repetitions is no longer an effective way. At this level, every 3dB reduction of PSD requires a doubling of the number of repetitions in time or frequency under the constraint of a total energy. In the absence of time and frequency diversity, which is likely the case in NR NTN, implementation loss such as nonideal combining often lead to less energy efficiency as compared to the transmission without doubling the number of repetitions. 

Since the above power sharing mechanisms are not aimed at improving energy efficiency, they don’t necessarily lead to increased throughput. Rather, they allows flexible power sharing among active beams.
Link-level enhancement
Larger downlink coverage enables power sharing through PSD reduction. For the purpose of flexible power sharing, it is not necessary to ensure the same coverage for all the DL physical channels. In particular, we consider the following two types of channels
· Type 1: Dedicated PDCCH and PDSCH including PDCCH in USS and associated PDSCH,  SPS PDSCH.
· Type 2: Common PDCCH and PDSCH.

Since dedicated PDCCH and PDSCH make up the majority of the DL traffic in a loaded cell and their enhancements can be made UE specific, priority should be given to the coverage enhancements of dedicated PDCCH and PDSCH for additional power sharing flexibility.
Additionally, we propose to reuse the link level assumptions in [2] for the evaluations of DL coverage enhancements.
Proposal 1: For the purpose of identifying DL physical channels and signals to be enhanced, reuse the link-level simulation assumptions for SSB, PDSCH , and PDCCH as agreed  in RAN1#109e [2].
Proposal 2: Consider, if feasible, the target of PDCCH and PDSCH coverage enhancement as  SNR=SNR_ssb+{x1,x2}, where 
· SNR_ssb is the SNR of SSB.
· x1 [=0] for dedicated PDCCH and PDSCH and SPS PDSCH.
· x2 [=3] for common PDCCH and PDSCH. 

System-level enhancement
As discussed above, TDM is an effective way to enable flexible power sharing among satellite beams. Note that Rel-18 cell DTX configuration is configured per UE although dynamic activation and deactivation via group-common signaling is supported. Cell DTX is configured only if cell DRX is configured.
For power sharing among satellite beams, an example cell operation is illustrated in Figure 2.



Figure 2. Cell transmission pattern as a function of time.

Form the above, we have the following observation and proposals.
Observation 1: Rel-18 cell DTX does not allow flexible adaptation of cell DTX patterns. 

Proposal 3: Support the configuration of more than one cell DTX patterns to a UE.

Proposal 4: Support dynamic group-common signaling for the change of  cell DTX patterns. 
Summary
In this contribution, we have discussed mechanisms for power sharing among satellite beams and proposed link-level and system-level enhancements to allow more flexible power sharing. Our observations and proposals are listed below: 
Proposal 1: For the purpose of identifying DL physical channels and signals to be enhanced, reuse the link-level simulation assumptions for SSB, PDSCH , and PDCCH as agreed  in RAN1#109e [2].

Proposal 2: Consider, if feasible, the target of PDCCH and PDSCH coverage enhancement as  SNR=SNR_ssb+{x1,x2}, where 
· SNR_ssb is the SNR of SSB.
· x1 [=0] for dedicated PDCCH and PDSCH and SPS PDSCH.
· x2 [=3] for common PDCCH and PDSCH. 

Observation 1: Rel-18 cell DTX does not allow flexible adaptation of cell DTX patterns. 

Proposal 3: Support the configuration of more than one cell DTX patterns to a UE.

Proposal 4: Support dynamic group-common signaling for the change of  cell DTX patterns. 
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