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1. Introduction
RAN1#104 agreed on the use of four satellite parameter sets (Set 1, 2, 3 and 4) for system level simulator calibration. Among them, Set-4 is a set representing a feasible characterization of nanosatellite platforms such as CubeSats. 
RAN1#104 also agreed a common set of link budget parameters to be used for link budget computations (e.g. noise figures, terminal power class, etc.). 
Based on the above, this contribution provides:
· Section 2: A description of a satellite configuration compliant with Set-4 parameters and a proposal to update the maximum beam diameter size to account for this configuration
· Section 3: Link budget analysis at beam edge and beam center locations, SNR distribution within the beam footprint and SNR time-evolution patterns during a satellite pass

2. [bookmark: _heading=h.30j0zll]Scenario description
2.1. Link Budget Parameters for Set-4
Within 3GPP TR 36.763 V0.1.0 [1], satellite parameters related to Set-4 are compiled in Table 6.2.-7 and Table 6.2-3, reproduced hereafter. 

Table 6.2-7: Set-4 satellite parameters for system level simulator calibration
(based on R1-2101019 - Thales, Sateliot, Gatehouse)
	Satellite orbit
	LEO-600

	Satellite altitude
	600 km

	Central beam edge elevation
	30 degree

	Central beam center elevation
	90 degree

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (NOTE 1)
	S-band
(i.e. 2 GHz)
	0.097 m

	Satellite EIRP density
	
	21.45 dBW/MHz

	Satellite Tx max Gain
	
	11 dBi

	3dB beam width (HPBW)
	
	104.7 degree

	Satellite beam diameter (Note 2)
	
	1700 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (NOTE 1)
	S-band 
(i.e. 2 GHz)
	0.097 m

	G/T
	
	- 18.6 dB·K-1

	Satellite Rx max Gain
	
	11 dBi

	NOTE 1:	This value is equivalent to the antenna diameter in Sec. 6.4.1 of TR 38.811
NOTE 2:	Satellite beam diameter is at Nadir point
NOTE 3:	Central beam center elevation is referred to as central beam elevation in TR 38.821
NOTE 4:	Central beam edge elevation is the minimum beam edge elevation of the central beam in the beam layout.




Table 6.2-3: Set-4 parameters for link budget analysis
	Set-4 
	LEO-600 km

	3 dB Beam width (HPBW)
	104.7 degree

	Central beam center elevation
	90 degree

	Central beam edge elevation
	30 degree

	Central beam edge satellite-UE distance
	1076 km




2.2. Single-beam layout scenario based on Set-4
Based on Set-4 parameters, the scenario evaluated in this document corresponds to a large, single-beam layout configuration, as initially proposed in [2] “Feasibility of the large, single-beam small sats / CubeSats scenario”. A graphical representation of this scenario is depicted in Figure 1.
The beam is assumed to be pointed at Nadir. The HPBW of the satellite antenna in the direction orthogonal to the movement of the satellite, referred to as Horizontal HPBW (H-HPBW), is assumed to be 104.7 degrees. The HPBW of the satellite antenna in the direction of the satellite orbital movement, referred to as Vertical HPBW (V-HPBW), is assumed to be narrower than the H-HPBW. 
[image: ]
Figure 1 - Large, single-beam scenario based on Set-4 parameters.

Based on the consideration of this scenario, the following proposal is made:
· Proposal 1: Revise the “Max beam footprint size (edge to edge) regardless of the elevation angle” parameter for LEO scenarios indicated in 3GPP TR 36.763 V0.1.0 Table 6.1-1: “IoT NTN reference scenario parameters” to 1700 km (currently the parameter is set to 1000 km for LEO scenarios). 
Note this proposed modification does not have any impact on the rest of parameters in 3GPP TR 36.763 V0.1.0 Table 6.1-1, in particular “max distance between satellite and C-IoT device at min elevation angle”, “Max Round Trip Delay (propagation delay only)”, “Max differential delay within a cell”, “Max Doppler shift (earth fixed user equipment) (NOTE 6)”, and “Max Doppler shift variation (earth fixed user equipment) (NOTE 6)”, because they were obtained from the consideration of an elevation angle of 10 degrees. 
3. [bookmark: _heading=h.35nkun2]Link budget analysis
3.1. Assumptions
Two configurations considered:
· Configuration A, based on the common set of link budget parameters captured in TR 36.763 v0.1.0
· Configuration B, based on the common set of link budget parameters captured in TR 36.763 v0.1.0 with some possible enhancements in achievable transmit power and noise figures.


	
	
	Configuration A
(Based on common  assumptions in TR 36.763 v0.1.0 section 6.2.1)
	Configuration B
[bookmark: _GoBack](common assumptions + some enhancements - marked in bold)


	Satellite platform
	Altitude
	600 km, circular orbit
	600 km, circular orbit

	
	Transmit power
	33 dBm
	36 dBm

	
	Tx/Rx Antenna Gain
	11 dBi
	11 dBi

	
	H-HPBW 
	104.7 degrees
	104.7 degrees

	
	V-HPBW
	40 degrees
	40 degrees

	
	Antenna polarization
	Circular
	Circular

	
	Antenna temperature
	290 K
	290 K

	
	Noise Figure (NF)
	5 dB
	3 dB

	
	G/T
	-18.6 dB/K
	-16.6 dB/K

	IoT device
	Transmit power 
	20 dBm
	23 dBm

	
	Tx/Rx Antenna Gain
	0 dBi
	0 dBi

	
	Antenna polarization
	Linear
	Linear

	
	Antenna temperature
	290 K
	290 K

	
	Noise Figure (NF)
	9 dB
	5 dB

	
	G/T
	-33.6 dB/K
	-29.6 dB/K

	NB-IoT protocol
	Downlink channel bandwidth
	180 kHz
	180 kHz

	
	Uplink channel bandwidth
	3.75 kHz
	3.75 kHz

	Other losses
	Polarization
	3 dB
	3 dB

	
	Scintillation
	2.2 dB
	2.2 dB

	
	Atmospheric absorption
	0.1 dB
	0.1 dB

	
	Shadow margin
	3 dB
	3 dB


Table 1 - Assumptions for link budget computation

3.2. SNR characterization within the beam coverage footprint 
Table 2 provides the Downlink and Uplink SNR estimations at the worst and best locations within the beam footprint:
· Edge of the beam, for an IoT device seeing the satellite at 30° of elevation angle.
· Centre of the beam, for an IoT device seeing the satellite at 90° of elevation angle.

	
	
	Configuration A
(Based on common  assumptions in TR 36.763 v0.1.0 section 6.2.1)
	Configuration B
(common assumptions + some enhancements)


	Downlink SNR
	Elevation angle=90º
	-5.91 dB
	1.09 dB

	
	Elevation angle=30º
	-13.98 dB
	-6.98 dB

	Uplink SNR
(ST 3.75 kHz)
	Elevation angle=90º
	1.90 dB
	6.90 dB

	
	Elevation angle=30º
	-6.16 dB
	-1.16 dB



Table 2 - Link budget results at worst and best beam footprint locations.



Based on the antenna model described in Annex 1, Figure 3 provides further results in terms of the CDF of SNR within the beam footprint.

[image: ]
Figure 3 – CDF for SNR values within the beam coverage footprint

3.3. [bookmark: _heading=h.2s8eyo1]SNR characterization over a satellite pass
In addition to the static characterization of the achievable SNR within the beam footprint, it is also important to consider that, even for IoT devices located at fixed positions, the experienced SNR will change rapidly over time due to the satellite movement. In this respect, in this section we characterize the time evolution of the SNR as seen by an IoT device that sees the satellite passing with a given maximum elevation angle (αmax). This is illustrated in Figure 2 and Figure 3. 

[image: ]
Figure 2 - IoT location for the computation of the SNR evolution during a satellite path given by αmax.



[image: ]
Figure 3 – Illustration of the antenna gain in the satellite beam centered around Nadir and representation of the traces corresponding to antenna gain seen by a IoT device for different values of αmax

Figure 4 and Figure 5 show, respectively for Configuration A and Configuration B, the observed time evolution of the SNR for maximum elevation angles of 30, 50, 70 and 90 degrees.
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Figure 4 – SNR evolution seen for different values of αmax under Configuration A
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Figure 5 – SNR evolution seen for different values of αmax under Configuration B

4. [bookmark: _heading=h.lnxbz9]Conclusions
This document provides a link budget analysis for the case of a large, single-beam scenario configuration compliant with Set-4 parameters. 
In addition, the following proposal is made:
· Proposal 1: Revise the “Max beam footprint size (edge to edge) regardless of the elevation angle” parameter for LEO scenarios indicated in 3GPP TR 36.763 V0.1.0 Table 6.1-1: “IoT NTN reference scenario parameters” to 1700 km (currently the parameter is set to 1000 km for LEO scenarios). 

5. [bookmark: _heading=h.vf8j125whcii]Annexes
5.1. [bookmark: _heading=h.bxis0qeeoa03]Annex 1 - Antenna model
In order to model the gain within the satellite beam an antenna model must be assumed. The antenna gain of 11 dBi and H-HPBW of 104.7 degrees are given. The V-HPBW is chosen as 40 degrees to account for the restrictions of a feasible implementation (i.e. antenna gains of 11 dBi cannot be achieved with a symmetrical radiation pattern of 104.7 degrees but can be approached by narrowing the V-HPBW of the antenna based on the use of antenna arrays). 
In order to interpolate antenna gains between the maximum antenna gain and the HPBW the antenna directivity must be described by a continuous function. A sinus-function was adopted to describe the antenna directivity and a scaled version was defined as:

where can be used to shape the directivity function, ie. broader BW range near maximum gain with steeper falloff for  and narrower BW range with a slower dropoff for > 1.
This directivity function has no sidelobes. Ie. after the directivity gain reaches 0, it is zero for all further angles outside the HPBW. The directivity function gives a smooth transition towards 0 from the HPBW and serves to interpolate between the beam centre and HPBW.
It is assumed that  in both the horizontal and orthogonal plane.
[image: ]
Figure 6 - The directivity functions in the vertical (orbital) and horizontal (orthogonal) planes.
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