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1. Introduction
A new work item Non-Terrestrial Networks (NTN) for NR Phase 3 was approved in RAN#102 and revised in RAN#103 [1]. One of the objectives is to study and specify beneficial downlink coverage enhancements covering both GSO and NGSO constellations operating in FR1-NTN or FR2-NTN. In this contribution, we present our views on downlink coverage enhancement for NTN.

2. Discussion
The motivations to enhance NTN for NR in DL coverage perspective include: 
(a) a support of handheld terminals that operates in FR1 bands 
(b) a need of efficient beam management to cover large satellite footprint
Limited available power of the satellite stations is a major constraint to be considered in both motivations. While repetitive transmission is a basic solution to support handheld terminals, which does not have high gain antenna, without increasing instantaneous transmitting power, it causes severe penalty in radio resource usage[2]. Therefore, alternative method with efficient radio resource usage is worth considering. In terms of efficient beam management, it is thought to be insufficient only to consider total number of beams calculated from the area that a satellite covers and the minimum beam footprint diameter and maximum number of beams that can be activated simultaneously calculated by total available transmission power but divergent nature of the traffic of beam to beam will have to be considered.
 In the following subsections, we present our views on a solution to enhance DL performance that does not bring radio resource inefficiency and for efficient and effective beam management.

2.1. DL reception by multiple UEs
Let us consider the case where there are more than two UEs in the field and they can communicate each other via sidelink or other local communication. They can help each other in DL PDSCH reception as shown in Fig.1. When one of the UEs failed to receive DL PDSCH, it can indicate the reception failure to the other UE(s) and then the UE that received the DL PDSCH correctly sends it to the UE that failed to receive it. The UE can recover the missed DL PDSCH when the error indication reachs to the other UE(s), the DL PDSCH has been correctly received by the other UE(s) and it is successfully tranfered via sidelink. If we assume that the DL PDSCH reception error occurs independently according to SNR at each UE, each UE has the same SNR, hence, the same DL reception quality BLERNTN DL and the quality of sidelink between UEs is BLERSL for both direction, the final BLER at one UE can be given for two UE case by:

	
	(1)



Some example calculations of (1) is shown in Table 1. From Table 1, we can see that the final BLER will be 1.2% to 2.7% for = 10% case, and if the final BLER of 10% is the target,  may be 25% to 31% depending on , respectively.

We should note that this performance gain is achievable as long as sidelink comunication is available between UEs with some nesessary specification impact but no penalty in radio resouce usage and/or transmission power for NTN DL.
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Fig. 1 DL reception by multiple UEs



Table 1:  Example calculations of BLER

	
	
	final 

	10%
	1%
	1.2%

	10%
	10%
	2.7%

	31%
	1%
	10%

	25%
	10%
	10%





Observation 1:
Performance improvement can be expected by DL reception by multiple UEs.
Proposal 1:
DL reception by multiple UEs is to be considered as one of the DLcoverage enhancement solutions.


2.2. Uneven traffic demand across satellite footprint
In RAN WG1 #116 in Athens, three sets of reference satellite parameter scenarios were agreed for LEO600km in FR1[3]. Two of them may activate 106 beams (10% of total beams) simultaneously and one may activate 16 beams (1.5% of total beams). Fig. 2 shows 50km diameter beam footprints of LEO 600km satellite, when it is covering main part of Japan. Fig.2 also shows residential populations within each beam by colour. Although we should note that different pictures will be drawn for different parts of the world and traffic demand will not simply be proportional to the population since TN communication mode is likely available in highly populated area and even less or no populated area still need connectivity by NTN, it should be true that there would be a big variance in traffic demand depending on the geographical or social situation of the area that the satellite beams cover. 
[bookmark: _Hlk162880564]Therefore, we think that uneven UE density and traffic demand across the satellite footprint must be considered in system simulation in order to develop specifications which enable more effective and efficient beam management operation.[image: ]

Fig. 2 Beam footprints with population when a satellite covers main part of Japan
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Observation 2:
There would be a big variance in traffic demand depending on the geographical or social situation of the area that the satellite beams cover.
Proposal 2:
Uneven UE density and traffic demand across the satellite footprint must be considered in system simulation in order to develop specifications which enable more effective and efficient beam management operation.


3. Conclusion
3.1. Observations
Observation 1:
Performance improvement can be expected by DL reception by multiple UEs.
Observation 2:
There would be a big variance in traffic demand depending on the geographical or social situation of the area that the satellite beams cover.

3.2. Proposals
Proposal 1:
DL reception by multiple UEs is to be considered as one of the DL coverage enhancement solutions.
Proposal 2:
Uneven UE density and traffic demand across the satellite footprint must be considered in system simulation in order to develop specifications which enable more effective and efficient beam management operation.
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