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The work item descriptions of Rel-18 NR NTN were updated in RAN #97-e meeting [1] and RAN #98-e meeting [2] on the objective of coverage enhancement. According to the updated WID, the NR NTN coverage enhancement objective starts the specification work on uplink channel coverage enhancement. 

It was concluded [3], [4] that downlink channel enhancement for NR NTN coverage enhancement is to be discussed at RAN #99 meeting. In this contribution, we present our views on NR NTN downlink coverage enhancement.

Overall, the purpose of downlink coverage enhancement includes
· accommodating non cooperative users
· supporting a wider range of deployment scenarios and satellites in terms of aperture and transmission power.

Discussion 
In Rel-18 NR NTN uplink coverage enhancement, the reference scenario is based on parameter set-1 for LEO-1200 satellite operating at LOS, with the assumption that commercial smartphones has minus 5.5 dBi antenna gain and 3 dB polarization loss (per antenna port). 

This reference scenario is used to calculate the link budget and perform link level simulations for various physical channels. This reference scenario is suitable for uplink physical channels. However, in our view, such reference scenario is too optimistic for downlink physical channels.

For MO (mobile originated) call/messaging, a user could hold smartphone in hand and may turn around the smart phone such that its antenna points to the proper direction. In other words, when setting up a MO call/messaging, the user is typically in control of the UE with regards to its position and ensure that it is LOS with the space. This provides the better channel conditions. However, for MT (mobile terminated) call/messaging, a user usually leaves smart phone in his pocket, briefcase or with certain blockage. It is likely the (initial) downlink physical channel (e.g., paging) experiences additional blockage loss or penetration loss. Hence, additional link budget needs to be considered for downlink physical channels. 

Observation 1: Mobile terminated (MT) call or messaging may experience lower SNR due to reduced user cooperation. 


On the other hand, the actual satellite transmission power may not be as large as the one defined as satellite parameter set-1 in [5]. For satellite parameter set-1, the satellite EIRP density for LEO-1200 scenario is 40 dBW/MHz and the satellite maximum transmission antenna gain is 30 dBi. In case of a 20 MHz bandwidth (cf. [6]), the satellite transmission power is 23 dBW or 200 Watts, which could be the total transmission power of a typical satellite. 

One-beam per cell and multiple-beam per cell are supported in existing NR specifications and are a baseline for NR NTN. If a single satellite supports multiple simultaneous beams (for coverage enhancement purposes), the total transmission power of a satellite must be split among multiple beams. For example, if a satellite evenly splits its total transmission power among 4 beams to enhance its coverage area, then the transmission power per beam is 6 dB less than the one specified in [5]. Although it is noted [5] that the satellite EIRP density for satellite parameter set-1 or set-2 is defined per beam, which takes into account the gain of the beam, we think these parameters may be too optimistic. 

The satellite parameter set-1 for LEO-1200 and LEO-600 assumes the equivalent satellite antenna aperture of 2 meters, while the satellite parameter set-2 for LEO-1200 and LEO-600 assumes the equivalent satellite antenna aperture of 1 meter (for S-band). This assumption is not universal and there are satellites, for which the equivalent antenna aperture could be as small as 0.5 m. This implies the EIRP density of smaller satellites is 6 dB worse than that for satellite parameter set-2. Additionally, the downlink coverage enhancement may benefit a deployment scenario with smaller elevation angles (e.g., less than 30 degrees for LEO). 
Observation 2: It is beneficial to consider NR NTN downlink coverage enhancement due to a satellite deployment with a lower transmission power per beam. 

Based on companies’ contributions in the RAN1 #110 meeting as well as the feature lead summary [7], we observe that when there is no satellite transmission power reduction, the existing specification for all downlink channels and signals can meet the performance requirement, with satellite parameter set-1 for LEO-1200 operating at LOS, assuming -5 dBi UE antenna gain. The margin of each downlink physical channel without satellite transmission power reduction is listed in Table 1, with the adjustment of UE antenna gain from -5 dBi to -5.5 dBi. Note that the margin value in the table is equal to CNR (obtained from link budget analysis) minus required SNR (obtained from link level simulations). 
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	Downlink channels
	Margin when satellite transmission power reduction is not applied (dB)

	PDSCH for VoIP
	6.1 to 15.5

	PDSCH for 3kbps
	8.3 to 13.2

	Msg 2 PDSCH 
	6.7 to 10.3

	Msg 4 PDSCH
	3.3 to 6.2

	PDCCH 
	5.4 to 9.7

	PDCCH of Msg 2
	5.7

	SSB
	8.0 to 12.3



According to Table 1, the downlink channels PDCCH and PDSCH for Msg4 have less margin than the other downlink physical channels. Additionally, PDSCH for Msg2 is among the downlink channels with small margin. With the consideration of satellite transmission power reduction or the possibility of a worse downlink channel condition, at least the downlink channels related to initial access need to be enhanced to enable sufficient coverage. The amount of coverage enhancement is targeted at 6 dB to ensure the proper reception of PDCCH, PDSCH for Msg2 and PDSCH for Msg 4. Hence, we have the following proposal. 

Proposal 1: In release 18 NR NTN coverage enhancement, at least the PDCCH and PDSCH for Msg2/Msg4 are to be enhanced for coverage by [X=6] dB. The following detailed objective is added for NR NTN:
· To specify mechanism to enhance downlink coverage by [X=6] dB for PDCCH, PDSCH for Msg2 and PDSCH for Msg4. 

Conclusion
Based on the discussion above, we have the following observations and proposal.
Observation 1: Mobile terminated (MT) call or messaging may experience lower SNR due to reduced user cooperation. 

Observation 2: It is beneficial to consider NR NTN downlink coverage enhancement due to a satellite deployment with a lower transmission power per beam. 

Proposal 1: In release 18 NR NTN coverage enhancement, at least the PDCCH and PDSCH for Msg2/Msg4 are to be enhanced for coverage by [X=6] dB. The following detailed objective is added for NR NTN:
· To specify mechanism to enhance downlink coverage by [X=6] dB for PDCCH, PDSCH for Msg2 and PDSCH for Msg4. 
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