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1 [bookmark: _Ref165266342]Introduction
According to the WID approved in RAN#103 [1], one of the objectives is to specify downlink coverage enhancements as follows: 
	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


In this contribution, we will provide our initial analysis on this topic.
2 Discussion
2.1  Downlink coverage enhancements at link level
During the last RAN1#116 meeting [2], RAN1 reached a number of agreements regarding the evaluation assumptions evaluated steps for studying link level downlink coverage as follows. Furthermore, RAN1 indicates that RAN1 will aim to identify necessary link-level enhancements for these channels in the study phase. At the end of the study phase, RAN1 will further discuss whether the potential link-level enhancements will be specified within Rel-19 framework. Therefore, from RAN2 perspective, we should wait for RAN1 progress before taking any action on downlink coverage enhancements at link level, the potential RAN2 enhancement for downlink coverage enhancements at link level is postponed till RAN1 makes the conclusion.
	Agreement
DL coverage is evaluated at link level with the following considerations:
· NGSO at LEO-600 operating in FR1 is considered in priority
· Additional satellite payload parameters defined for system level evaluation are used
· FFS: Antenna gain reduction due to steering loss can be considered 

Agreement
For the evaluation of NTN downlink coverage at link level, reuse the target data rate from Rel-18 NTN Coverage enhancements:
· For VoIP: AMR 4.75 kbps (TBS of 184 bits without CRC in physical layer) with 20 ms data arriving interval 
· For data rate service: both 3 kbps and 1Mbps can be considered
· Companies can also use the data rates corresponding to the traffic types used for system level evaluations

Agreement
For link-level study, downlink coverage performance in NR NTN is evaluated according to the following steps.
Step 1: CNR is calculated as defined in 6.1.3.1 of TR 38.821
Step 2: Required SNR of target service is evaluated by LLS
Step 3: The CNR and the required SNR are compared

Agreement
For link-level study, for NR NTN DL coverage enhancement, the following channels/signals can be considered for evaluations:
· PDSCH for VoIP
· PDSCH for low data rate service
· PDSCH Msg.2
· PDSCH Msg.4
· PDSCH carry SIB, e.g., SIB1, SIB 19
· PDSCH for paging
· PDCCH
· Broadcast PDCCH (e.g. PDCCH of Msg.2, paging)
· SSB
Note: RAN1 will aim to identify necessary link-level enhancements for these channels in the study phase. At the end of the study phase, RAN1 will further discuss whether the potential link-level enhancements will be specified within Rel-19 framework.


Proposal 1: RAN2 waits for further RAN1 progress on downlink coverage enhancement at link level.
2.2  Downlink coverage enhancements at system level
According to the WID, RAN should study and specify solutions to allow dynamic and flexible power sharing between satellite beams or different satellite beam patterns/size (i.e., wide or narrow) across the satellite footprint. The first issue that needs to be discussed is the scenario in which the mechanism should be supported. There are three types of cells in NTN, i.e., earth-fixed cell, quasi-earth-fixed cell and earth-moving cell. Since all three types of cells may be deployed in practice and the WID indicates that downlink coverage enhancements covering GSO and NGSO should be studied and specified, we think power sharing among satellite beams or different satellite beam patterns/size (i.e., wide or narrow) across the satellite footprint should apply to all scenarios.
	Agreement
For DL coverage study at system level, consider the following additional reference satellite payload parameters for LEO600km in FR2 (i.e., Ka-band):

	LEO600km Set1-1 FR2 (i.e., Ka-band)

	Maximum Bandwidth per beam
	400 MHz

	SCS
	120 kHz

	Beam size
	TBD in next meeting

	Satellite EIRP density /beam (dBW/MHz)
	

	Payload Total DL power level (dBW)
	

	Aggregated EIRP (Total) (dBW)
	

	Satellite Tx max Gain
	

	EIRP per Satellite beam (dBW)
	

	Total number of beam footprints
	800 (note 1)

	Total number of simultaneously active beams
	12

	% simultaneously active beams
	1.5 %

	Note 1: A typical deployment scenario in FR2 should consider 800 satellites beams per a single satellite coverage area with an absolute number of simultaneously active beams equal to 16 (due to limitation of RF)





Then, according to RAN1 agreements above, there are only 1.5 % simultaneous active beams among the beam footprints in an NTN cell. It takes a long time for all beams in the cell to be activated at least once. That means for a UE in an NTN cell, it may take a long time for UE to detect signals. There is no need for UE to perform signaling detection during the time of beam off since these beam footprints are not served by any signal. Therefore, in order to save UE power for unnecessary signaling detection, UE should know the time pattern of beam footprint, e.g., when UE can detect a signal and when the UE cannot. Since this information is common to all the UE in the NTN cell, the time pattern of beam footprint can be provided by the NW through system information.
Proposal 2: The NW provides the time pattern of beam footprint on/off through SIB for earth-fixed cell, quasi-earth-fixed cell and earth-moving cell.
3 [bookmark: _Toc502437832]Conclusions
This contribution discussed the DL coverage enhancements in Rel-19 NR NTN. Proposals are summarized as follows, 
Proposal 1: RAN2 waits for further RAN1 progress on downlink coverage enhancement at link level.
Proposal 2: The NW provides the time pattern of beam footprint on/off through SIB for earth-fixed cell, quasi-earth-fixed cell and earth-moving cell.
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