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1.	Introduction
The first objective of the WID entitled “Non-Terrestrial Networks (NTN) for NR Phase 3” [1] describes the scope of downlink coverage enhancements for Rel-19. This document aims to review a number of proposals submitted and discussed at RAN#1-116-bis and update some of the assumptions made that are relevant to FR2-NTN.
2.	Discussion
2.1 Antenna Characteristics
The theoretical basis for calculating the characteristics of a phased array antenna in the context of an FR1-NTN system is set out in [2]. The general principles and equations are equally applicable to FR2-NTN and we expect that the related observations and proposals can be directly reused. 
[bookmark: _Ref166062897]Observation 1: The conclusions of [2] for FR1-NTN antenna performance are an improvement over the original assumptions and are equally applicable to FR2-NTN.
[bookmark: _Ref166065153]Proposal 1: The single antenna gain, antenna spacing and consequent results from ‘option 3’ in [2] should be scaled in frequency (from S-band to Ka band) and adopted as the basis of evaluation in FR2-NTN (or at least used as an option).
Reference [3] considers suitable parameters for FR2. We agree with the proponents that the assumption of 12 simultaneously active beams is preferred as a basis for analysis (16 is also acceptable). This limitation reflects the limited RF power available in a typical FR2 capable satellite. 
We also believe that the assumptions suggested in [3] reflect a possible scenario (i.e., the values tabulated in LEO600 Set 1-1 and 1-2). However, with reference to Proposal 3, we would not assume any UE polarization loss – for a VSAT it will have a circularly polarized antenna and be capable of receiving both LH an RH polarization (but not necessarily both simultaneously). The shadow fade margin of 3dB also seems high – the physical cause of this loss is unclear – if it is intended to capture partial obscuration of the Fresnel zone due to objects relatively close to a sub-optimally deployed fixed VSAT or encountered by a Land Mobile VSAT then this may be considered reasonable. Finally, the steering loss range of 0-4 dB is considered reasonable; a nominal value of 2.5 dB is suggested in [2].
[bookmark: _Ref165280546]

Table 1: Revised FR2-NTN VSAT Parameters
	Satellite orbit
	LEO-600km

	Elevation angle (degree)
	30

	Frequency (GHz)
	20

	Atmospheric loss (dB)
	1
(Equation (6.6-8) in [38.811])

	Shadow fading margin (dB)
	3

	Scintillation Loss (dB)
	Ionospheric loss= 0 dB
(6.6.6.1of [38.811])
Tropospheric loss=0.3dB
(Table 6.6.6.2.1-1 of [38.811])

	Polarization loss (dB)
	0
(UE antenna matched to SAN polarization)

	Additional losses (dB)
	0

	Steering loss (dB)
	0 to 4 
(2.5 dB may be assumed based on Option 3 in [2])

	UE antenna gain (dBi)
	33

	UE Noise Figure (dB)
	7

	RX G/T (dB/T)
	1.38



[bookmark: _Ref166065167]Observation 2: The values suggested in [3] for FR2-NTN are generally in line with industry expectations. 
[bookmark: _Ref166065178]Proposal 2: With some minor adjustment the proposed values in [3] as modified by Table 1 should be used for FR2-NTN analysis.
Note that the Eutelsat-OneWeb constellation orbital altitude is 1200 km and the service link operates in Ku band [4] vs 600 km in Ka band  assumed by RAN1. However, we do not anticipate this will have a material impact on the study and key findings could be applied to all FR2-NTN bands. . 
The effects of beam pattern and frequency reuse are discussed in [5] in the context of FR1-NTN. For FR2-NTN, hybrid or analogue beamforming is generally assumed today (FR1-NTN may be assumed to use hybrid or digital beamforming) but the considerations raised will be similar.
[bookmark: _Ref166065197]Observation 3: The beam pattern and frequency reuse in FR2-NTN will have similar considerations to FR1-NTN.
2.2 Traffic Assumptions
Traffic modelling, in particular, uneven traffic distribution, is discussed in [6] also in the context of FR1. It is observed 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”. We agree with this and further note that the same observation will apply for FR2. Traffic will tend to be greatest in underserved areas and mobile traffic will be highest around ports, airports and sea-lanes, flight paths, road and rail traffic routes outside of good terrestrial coverage. Furthermore, providing coverage in certain areas within the satellite footprint may be precluded – e.g., the footprint may span country borders where services are not authorised. Thus, traffic may typically be heavily concentrated in a very low percentage of spot beams (less than 1%).
[bookmark: _Ref166065385]Observation 4: Similar to FR1-NTN, FR2-NTN traffic patterns will not follow terrestrial density or traffic patterns. 
Proposal 3: Uneven VSAT density and traffic patterns must be taken into account in the system level analysis. 
The trade-off between time taken to access the system and coverage is discussed in some detail in [7]. We agree that considerations of user expectation need to be taken into account; users in very low density areas may tolerate some additional latency (still low compared with GEO). Thus, the same comment: “the access latency could be optimized by using different SS burst periodicities for beam footprints with different user density, e.g., the service area with more users are transmitted with shorter periodicity, etc.”, could be applied equally to FR2-NTN users. The concept of a coverage ratio is a useful metric for evaluating the trade-off involved (a similar metric was discussed in [8]). This trade-off could change over time as the constellation is ‘densified’ and multiple satellites can cover the same area. For FR2-NTN the UE (VSAT) directional antenna can provide angular discrimination between two or more satellites both covering the same area on the ground.
[bookmark: _Ref166065409]Observation 5: As is the case for FR1-NTN, FR2-NTN access latency and coverage can be traded off to achieve a range of latency-coverage objectives a satellite operator may have. The trade-off may vary over the lifetime as the constellation is densified. 
[bookmark: _Ref166065396]Proposal 4: The impact of extending the SS burst periodicity beyond the present assumptions should be considered. 
2.3 FR1-NTN and FR2-NTN Commonalities
The above discussion has identified a number of points from referenced TDocs where work in the context of FR1-NTN can be applied to FR2-NTN; in some cases directly or in other cases, such as SAN antenna assumptions, by appropriate scaling or with some adaptation.
[bookmark: _Ref166143154]Observation 6: In the above discussion, we have shown at least some of the work on FR1-NTN DL enhancements can be directly or indirectly applied to FR2-NTN.
[bookmark: _Ref166143176][bookmark: _Ref166143462]Proposal 5: Finally, we would encourage RAN1 to consider if techniques being proposed to enhance FR1-NTN downlink coverage can be applied to FR2-NTN, either directly or with the essential adaptations that could be required.
3. Conclusion
This TDoc has reviewed a number of contributions on Rel-19 NTN Downlink Coverage enhancement. It has reviewed the FR2-NTN assumptions and proposed some changes to the assumed polarization and look angle losses for VSAT UE types. It has also identified that at least some of the assumptions and considerations being made for FR1-NTN can be applied to FR2-NTN.
Observation 1: The conclusions of [2] for FR1-NTN antenna performance are an improvement over the original assumptions and are equally applicable to FR2-NTN.
Proposal 1: The single antenna gain, antenna spacing and consequent results from ‘option 3’ in [2] should be scaled in frequency (from S-band to Ka band) and adopted as the basis of evaluation in FR2-NTN (or at least used as an option).
Observation 2: The values suggested in [3] for FR2-NTN are generally in line with industry expectations.
Proposal 2: With some minor adjustment the proposed values in [3] as modified by Table 1 should be used for FR2-NTN analysis.
Observation 3: The beam pattern and frequency reuse in FR2-NTN will have similar considerations to FR1-NTN.
Observation 4: Similar to FR1-NTN, FR2-NTN traffic patterns will not follow terrestrial density or traffic patterns.
Observation 5: As is the case for FR1-NTN, FR2-NTN access latency and coverage can be traded off to achieve a range of latency-coverage objectives a satellite operator may have. The trade-off may vary over the lifetime as the constellation is densified.
Proposal 4: The impact of extending the SS burst periodicity beyond the present assumptions should be considered.
Observation 6: In the above discussion, we have shown at least some of the work on FR1-NTN DL enhancements can be directly or indirectly applied to FR2-NTN.
Proposal 5: Finally, we would encourage RAN1 to consider if techniques being proposed to enhance FR1-NTN downlink coverage can be applied to FR2-NTN, either directly or with the essential adaptations that could be required.
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