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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[1]: 
(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. 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 is correctly received by the other UE(s) and it is successfully tranfered. 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.
If the indication of PDSCH reception error to the other UE and transfer of missed PDSCH can be completed before the UE that failed to receive the PDSCH from the satellite station sends PUCCH that includes NACK signal to the satellite station, the proposed DL reception by multiple UEs can be performed with mimimum specification impact especially for the protocol between the satellite station and the UEs. According to the current NR specification, the number of slots between PDSCH has been sent and the UE to send the PUCCH can be configured via dl-DataToUL-ACK field of PUCCH-config RRC message, maximum of which is 15 slots for SCS is less than 240kHz. Assuming that the communication between UEs can be performed within several slots, we think that there is enough time for UEs to do additional communications before sending PUCCH to the satellite station. 
We should also note that the scheme impose no penalty in radio resouce usage and/or transmission power for NTN DL.[image: ]
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 with no major specification impact.
Proposal 1:
DL reception by multiple UEs is to be considered as one of the DLcoverage enhancement solutions.

2.2. Flexible Beam Dwell Time and Revisit Time
Some contributions in RAN WG1 #116b Changsha meeting[3][4] describe observations regarding beam dwell time and revisit time with which all 1058 beams can be supported. They are under assumption that a satellite station serves all 1058 beams equally.
Vivo’s observation[3]:
Observation 1: For LEO600km Set1-1 FR1, during the 20ms period of SSB, the total 1058 satellite beam footprints can be illuminated in sequence with the following beam hopping mechanism:
-2ms dwell time for each SSB pattern, 106 simultaneously activated beams, and 20ms revisit time contains 10 SSB patterns in a TDMed manner. In this mechanism, N2=N3=106, N1=952.

Apple’s observations[4]:
Observation 10: In LEO-600 set 1-1 and set 1-3 in FR1 with N1=N2=0 and N3=1058, the coverage ratio is 100%, with dwell time = 2 ms, revisit time = 20 ms and the periodicity of SSB and SIB1 = 20 ms.
Observation 12: In LEO-600 set 1-2 in FR1 with N1=N2=0 and N3=1058, the coverage ratio is 100%, with dwell time = 2.4 ms, revisit time = 160 ms and periodicity of SSB and SIB1 = 160 ms.

Meanwhile, it is thought that traffic demand of each beam varies widely depending on geographical or social situation of the area that the beam covers[2]. Fig. 2 (a) shows 50km diameter beam footprints of LEO 600km satellite when it is covering main part of Japan. It also shows residential populations within each beam by color. Fig. 2 (b) shows number of beams by the residential population of each beam. We can see from the figures that 78% of the beams are pointed to the area where there is little or no residential population. We should note that Fig.2 shows an example situation and different pictures can be drawn for different parts of the world. However, it is thought to be very unlikely that traffic demands are equally distributed over all possible beam footprints.[image: ]  [image: ]
(a) Beam footprints
(b) Number of beams by population 
Fig. 2 Beam footprints with population when a satellite covers main part of Japan

[bookmark: _Hlk110964323]
Different beam dwell time and revisit time may be used among beams according to traffic demand of each beam. While various settings may be possible, we think the cases that there are two classes of traffic, namely high and low, for simplicity. Fig.3 shows an example of using different dwell time, 2ms for high traffic beams and 0.5ms for low traffic beams. Revisit time is 20ms for both beams. 10 beams are TDM’ed for high traffic beams and 40 beams are TDM’ed for low traffic beams. When there are 258 high traffic beams and 800 low traffic beams, they are accommodated in this scheme if 26 high traffic beams and 20 low traffic beams are simultaneously activated, where total number of simultaneously activated beams can be reduced from 106 to 46 (43%). By this, payload total DL power of Set1-1 FR1 scenario can be reduced or maximum EIRP per satellite beam of Set1-3 FR1 scenario can be increased by 3.6dB.
Another example is to use multiple revisit time in addition to multiple dwell time. Fig. 4 shows an example. Revisit time is extended to 160ms for low traffic beams. By this, 320 beams can be TDM’ed for low traffic beams. In this case, 130 high traffic beams and 960 low traffic beams can be supported with 16 simultaneously activated beams, which is in line with Set 1-2 FR1 scenario.
As shown by two examples, by using flexible dwell time and revisit time according to traffic demand of each beam, the number of simultaneously activated beams may be reduced, hence, payload total DL power can be reduced or maximum EIRP per beam can be increased, or more radio resource may be allocated for high traffic beams while keeping maximum number of simultaneously activated beams.[image: ]
Fig. 3  An example of using multiple dwell time

[image: ]
Fig. 4  An example of using multiple dwell time and revisit time


Observation 2:
Allowing flexible setting of beam dwell time and revisit time, more efficient beam management becomes possible according to traffic demand of each beam.
Proposal 2:
Rel 19 system level enhancements for FR1-NTN and/or FR2-NTN should support flexible setting of beam dwell time and revisit time. 

3. Conclusion
3.1. Observations
Observation 1:
P Performance improvement can be expected by DL reception by multiple UEs with no major specification impact.
Observation 2:
Allowing flexible setting of beam dwell time and revisit time, more efficient beam management becomes possible according to traffic demand of each beam.

3.2. Proposals
Proposal 1:
DL reception by multiple UEs is to be considered as one of the DL coverage enhancement solutions.
Proposal 2:
Rel 19 system level enhancements for FR1-NTN and/or FR2-NTN should support flexible setting of beam dwell time and revisit time.
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