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Introduction
The SI on “Study on Solutions for NR to Support Non-Terrestrial Networks” was approved in RAN#80 meeting [1] and further updated in RAN#82 meeting [2]. The RAN1 objectives have been reported below.
· Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.
· Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]
In RAN1 #97 meeting, several parameters (from Table 6.1.1-1 to Table 6.1.1-6 in [3]) have been agreed for calibration in NTN performance evaluation.
In this contribution, based on the simulation platform developed in [4], we provide the numerical results for the downlink link budget calibration with all Frequency Reuse (FR) options and: i) Ka-band with GEO and LEO (600/1200 km) systems, both VSAT and Other terminals; and ii) S-band with LEO (600/1200 km) systems, handheld terminals.
The numerical results are shown in terms of Cumulative Distribution Function (CDF) of the Carrier-to-Noise Ratio (CNR), Carrier-to-Interference Ratio (CIR), Carrier-to-Interference plus Noise Ratio (CINR), and Coupling Loss (CL).
Satellite system configuration and Assumptions
In this document, the system-level configuration is based on Set-1 parameters from [3], as far as the satellite payload characteristics are concerned; specific references to each parameter considered in the following are reported in Table 1.
[bookmark: _Ref15805813]Table 1 - System-level parameters for link budget calibration.
	Parameter
	Reference TR
	Table

	Satellite orbit
	38.821 V0.7.0 (2019-05)
	6.1.1-1

	Satellite antenna pattern
	38.821 V0.7.0 (2019-05)
	6.1.1-1

	Equivalent satellite antenna aperture
	38.821 V0.7.0 (2019-05)
	6.1.1-1

	Satellite EIRP density
	38.821 V0.7.0 (2019-05)
	6.1.1-1

	Satellite TX gain
	38.821 V0.7.0 (2019-05)
	6.1.1-1

	Satellite RX gain
	38.821 V0.7.0 (2019-05)
	6.1.1-1

	Satellite G/T
	38.821 V0.7.0 (2019-05)
	6.1.1-1

	UE antenna type
	38.821 V0.7.0 (2019-05)
	6.1.1-3

	UE polarization
	38.821 V0.7.0 (2019-05)
	6.1.1-3

	UE RX gain
	38.821 V0.7.0 (2019-05)
	6.1.1-3

	UE TX gain
	38.821 V0.7.0 (2019-05)
	6.1.1-3

	UE antenna temperature
	38.821 V0.7.0 (2019-05)
	6.1.1-3

	UE noise figure
	38.821 V0.7.0 (2019-05)
	6.1.1-3

	UE TX power
	38.821 V0.7.0 (2019-05)
	6.1.1-3

	Adjacent beam spacing
	38.821 V0.7.0 (2019-05)
	6.1.1-5

	Frequency band
	38.821 V0.7.0 (2019-05)
	6.1.1-5

	Bandwidth per beam
	38.821 V0.7.0 (2019-05)
	6.1.1-5

	Frequency reuse option
	38.821 V0.7.0 (2019-05)
	6.1.1-5

	Adjacent beam spacing
	38.821 V0.7.0 (2019-05)
	6.1.1-6

	Central beam elevation angle target
	38.821 V0.7.0 (2019-05)
	6.1.1-6

	Large scale model
	38.811 V15.1.0 (2019-06)
	6.6.2-3
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[bookmark: _Ref15807517]Figure 1 - Beam layout for GEO systems with central beam at nadir in the UV-plane. The blue line identifies the 19 beams retained for the numerical assessment.
As for the configuration of the beam layout across the coverage area, 61 beams were considered spaced according to the Adjacent Beam Spacing (ABS) as per Table 1; the numerical results and the related statistics were gathered from the 19 central beams only. This ensures that each UE belonging to a beam which is retained for the numerical results assessment is subject to interference from at least the first two tiers of 18 interferers. Figure 1 shows an example of 61-beams deployment, for Frequency Reuse (FR) option 2 (i.e., 3-colour FR, or FR3), in which the 19 central beams retained for numerical assessments are enclosed in the thick blue line. The beam layout is defined on the UV-plane, [3], and then projected in (LAT, LON) coordinates on the spherical Earth’s surface.
Proposal 1: The wrap-around methodology shall be agreed to reduce the discrepancy among all calibration results.
Proposal 2: It is recommended to generate 61 beams to ensure that all grid-points in the 19 beams have the same number of interferers (e.g., no border effects).
With respect to the user deployment, it shall be noticed that the interference towards each UE is generated by the interfering transmitting antennas on the satellite; thus, interference is defined by geometry, i.e., it is fixed given the receiving UE location and the beam layout configuration, since it depends on the angle between the UE location and the interfering antenna boresight. This is highlighted in Figure 2, where: i)  denotes the angle between the u-th user and the intended antenna boresight; and ii)  denotes the angle between the u-th user and the i-th interfering antenna boresight. Consequently, the UEs are generated on a (LAT, LON) grid and 100 Monte Carlo iterations were considered so as to average on stochastic effects (e.g., shadowing). In particular, depending on the satellite orbit and altitude, the following grid-point resolution has been considered: i) GEO, 0.05 degrees (i.e., 9750 UEs in the beam layout); ii) LEO at 600 km, 0.01 degrees (i.e., 3400 UEs); and finally iii) LEO at 1200 km, 0.02 degrees (i.e., 3400 UEs). At each Monte Carlo iteration, the link budget is computed in all grid points.
[image: ]
[bookmark: _Ref15808322]Figure 2 - Geometry for downlink link budget computation.
Based on the above considerations, the link budget is computed as follows (see Section 6.1.3.1 in [3]):

where  is the bandwidth factor based on the selected FR scheme and


with: i)  being the normalised transmitting radiation pattern in [dB], i.e., always less or equal to 0 dB, from the intended antenna towards the u-th UE introduced to take into account the fact that the UE might not be at the beam antenna boresight; ii)  the normalised receiving radiation pattern in [dB], which depends on the UE antenna type; and iii)  the maximum receiving antenna gain. In all of the equations, it is considered, as per TR 38.821 [3], that the UE antennas have ideal pointing; thus, the receiving antenna radiation pattern, , is always equal to 0 dB. For the sake of completeness, Figure 3 – Figure 5 show the radiation patterns for VSAT and other antenna types; the handheld antenna type is omnidirectional, so it is not shown in the following. It shall also be noticed that the receiving antenna gains are subject to a 3 dB polarisation loss for linearly polarised UEs, i.e., Handheld and Other terminals.
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[bookmark: _Ref16413503]Figure 3 - VSAT UE type: receiving antenna radiation pattern, [5].
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Figure 4 - Other UE type: receiving antenna radiation pattern per radiating element as a function of the ZENITH angle, [5].
[image: ]
[bookmark: _Ref16413504]Figure 5 - Other UE type: receiving antenna radiation pattern per radiating element as a function of the AZIMUTH angle, [5].
The overall path loss consists of the following terms:
· : free space loss.
· : atmospheric gas losses, computed based on ITU-R P.676 Annex 2.
· : shadowing, computed as reported in [5], Section 6.6.2, and assuming 100% LOS probability.
· : additional losses assumed to be due to scintillation phenomena, as per Section 6.6.6. in [5]. For LEO systems in S-band, it has been assumed that all users are located between 20 and 60 degrees latitude, which leads to a null ionospheric scintillation term. On the other hand, the tropospheric scintillation loss (Ka-band) is computed from the attenuation level at 99% of the time presented in Table 6.6.6.2.1-1 of [5].
Proposal 3: For the calibration purpose, the ionospheric scintillations shall be considered equal to zero (i.e., the UEs are located between 20 and 60 degrees of latitude).
With respect to the interfering terms in the CIR and CINR, the interference from the generic i-th antenna towards the u-th user is computed as:

where:

with  being the normalised radiation pattern in [dB], i.e., always less or equal to 0 dB,  from the i-th interfering antenna towards the u-th UE. These terms are then combined together, yielding to the following CIR and CINR equations:



where  is the number of interfering beams, which depends on the considered FR option. Finally, the coupling loss (CL) is computed as:

In all of the above equations, it is considered, as per TR 38.821 [3], that the UE antennas have ideal pointing. Thus, the receiving antenna radiation pattern is always equal to 0 dB.
Numerical results
In the following, the CNR / CIR / CINR / CL cumulative distribution functions have been reported for all frequency reuse options and for both GEO and LEO satellite orbits. In particular, as far as the frequency reuse options are concerned, the following notation is adopted in all plot legends: full frequency reuse (FFR) is option-1, frequency reuse 3 (FR3) is option-2, and frequency reuse 4 (FR4) is option-3.
GEO
[image: ]
Figure 6 - GEO downlink link budget calibration. Setup: target elevation angle at 45 degrees, VSAT terminals, Ka-band.
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Figure 7 - GEO downlink coupling loss. Setup: target elevation angle at 45 degrees, VSAT terminals, Ka-band.
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Figure 8 - GEO downlink link budget calibration. Setup: target elevation angle at 45 degrees, other terminals, Ka-band.
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Figure 9 - GEO downlink coupling loss. Setup: target elevation angle at 45 degrees, other terminals, Ka-band.
LEO
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Figure 10 - LEO downlink link budget calibration. Setup: target elevation angle at 90 degrees, VSAT terminals, Ka-band, 600 km.
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Figure 11 - LEO downlink coupling loss. Setup: target elevation angle at 90 degrees, VSAT terminals, Ka-band, 600 km.
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Figure 12 - LEO downlink link budget calibration. Setup: target elevation angle at 90 degrees, other terminals, Ka-band, 600 km.
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Figure 13 - LEO downlink coupling loss. Setup: target elevation angle at 90 degrees, other terminals, Ka-band, 600 km.
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Figure 14 - LEO downlink link budget calibration. Setup: target elevation angle at 90 degrees, VSAT terminals, Ka-band, 1200 km.
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Figure 15 - LEO downlink coupling loss. Setup: target elevation angle at 90 degrees, VSAT terminals, Ka-band, 1200 km.
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Figure 16 - LEO downlink link budget calibration. Setup: target elevation angle at 90 degrees, other terminals, Ka-band, 1200 km.
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Figure 17 - LEO downlink coupling loss. Setup: target elevation angle at 90 degrees, other terminals, Ka-band, 1200 km.
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Figure 18 - LEO downlink link budget calibration. Setup: target elevation angle at 90 degrees, handheld terminals, S-band, 600 km.
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Figure 19 - LEO downlink coupling loss. Setup: target elevation angle at 90 degrees, handheld terminals, S-band, 600 km.
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Figure 20 - LEO downlink link budget calibration. Setup: target elevation angle at 90 degrees, handheld terminals, S-band, 1200 km.
[image: ]
Figure 21 - LEO downlink coupling loss. Setup: target elevation angle at 90 degrees, handheld terminals, S-band, 1200 km.


Conclusions
This document reports a large set of system level calibration results for the downlink of different satellite orbits (GEO and LEO) with the assumption of different receiver antennas. In particular, for each configuration, the cumulative density function (CDF) is shown for the following figure of merits: CNR / CIR / CINR / CL.
Proposal 1: The wrap-around methodology shall be agreed to reduce the discrepancy among all calibration results.
Proposal 2: It is recommended to generate 61 beams to ensure that all grid-points in the 19 beams have the same number of interferers (e.g., no border effects).
Proposal 3: For the calibration purpose, the ionospheric scintillations shall be considered equal to zero (i.e., the UEs are located between 20 and 60 degrees of latitude).
Proposal 4: Consider all shown CDFs for the calibration exercise among all companies.
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