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1	Introduction
RAN agreed the SI – “Study on solutions evaluation for NR to support Non Terrestrial Network” in [1]. This contribution captures the NTN deployment as agreed in RAN3#101 in [2] along with considerations that needs to be discussed and agreed.
2	Discussion
In RAN3#101 [2], it was agreed to support the following deployment scenarios:
a) Transparent bent-pipe satellite-based NTN network with gNB at the ground.
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b) Regenerative satellite-based NTN network with on-board gNB.
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c) Regenerative satellite-based NTN network with on-board gNB-DU (split gNB architecture). 
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This contribution captures typical satellite constellation patterns and proposes to agree on one of the well-known patterns type (e.g. Walker Delta) as the reference satellite constellation pattern for the NTN SI in RAN2.  

3	Considerations on NTN deployment scenarios
3.1	Reference scenarios
In RAN3 #101 [3] the reference NTN scenarios and parameters are described for GEO and LEO based access networks (Table 4.2-2). These scenarios specify the baseline parameters. However, in the case of LEO based access due to the mobility of both satellites and UEs (including Earth’s rotation) the multi-satellite constellation aspects are not described in [3]. For the mobility studies within RAN2 it is important to have reference evaluation scenarios defined where the multiple UEs and multiple satellites are considered. This is a similar approach as used for 3GPP WCDMA, LTE and 5G NR terrestrial system level performance studies. 
Observation #1: For LEO based access, multi-satellite (satellite constellation) and multi-UE scenarios are needed for RAN2 studies.
From radio access mobility perspective, the GEO satellite based access scenarios are simpler compared to LEO satellite based access, and the multi-satellite aspect becomes more relevant only when addressing geographical areas at the fixed coverage border of two satellites.
The RAN1 system level evaluation scenario definition can follow the same principles. Naturally, all the RAN1 and RAN2 scenarios have to be aligned with the reference scenarios proposed in RAN3.
Observation #2: All the RAN1 and RAN2 system level evaluation scenarios have to be aligned with the reference scenarios proposed in RAN3 documents.

3.2	Reference evaluation scenarios with satellite constellation
3.2.1 LEO satellite constellations
Typical LEO satellite constellations are characterized by their orbital planes (altitude, inclination, etc), number and location of satellites on each orbital plane and beam coverage characteristics (beam orientation and shape). These parameters are all important when analysing radio access performance. 
The satellite orbit geometry can be circular or elliptical. The circular orbit has the advantage of constant satellite altitude, thus relatively constant signal strength (transmit power) is required on the service link.
One class of circular orbit geometries is the Walker Delta pattern constellation, described with the notation: i: t/p/f
where: i is the inclination; t is the total number of satellites; p is the number of equally spaced planes; and f is the relative spacing between satellites in adjacent planes.
For example, the Galileo satellite constellation is a 56°:27/3/1 constellation.
Another class of circular orbits geometries is the Near-Polar Walker Star constellation where the satellites are in near-polar circular orbits across approximately 180 degrees. For example, the Iridium system is using this type of constellation.
The main advantage of the Walker Delta pattern over the Near-Polar Walker Star constellation is the more uniform coverage in the geographical areas north/south of the Equator.
Observation #3: A circular orbit geometry using the Walker Delta pattern, or the Near-Polar Walker Star pattern are typically adopted.

3.2.2 LEO Deployment considerations
For RAN2 evaluation purposes, a generic Walker Delta pattern constellation could be adopted, potentially specifying 2 or 3 representative sets of i: t/p/f parameters for the reference evaluation scenarios. This constellation is to be combined with the parameters currently specified in RAN3 #101 [3], such as the altitude and payload type.
Proposal #1: For LEO based NTN access, adopt generic scenarios with circular orbit geometry using Walker Delta pattern constellations.
In the selection of the i: t/p/f parameters it is important to consider certain geometry metrics which are most likely to impact the performance of the radio access. This is needed for both RAN2 and RAN1 system level evaluation purposes.
For example, in Figure 1 we show a generic LEO satellite deployment in Walker Delta constellation with 56°:60/3/1. The LEO satellites are assumed to orbit at 600km altitude with a tangential velocity of 7.8km/s. This constellation can be analysed in terms of three geometry metrics:
· Elevation angle (from UE location)
· Distance to satellite
· Angle from the satellite 
For the selected LEO constellation, these metrics are presented in Figure 2 for two UE locations (stationary UEs relative to Earth, with Earth rotation considered in the calculations). Such basic geometry metrics determine the radio access (coverage and signal strength) and mobility performance in the satellite network. These metrics will also determine how many satellites are ‘visible’ from a given UE location, for what time period, and to which orbital planes do they correspond to. In our simple example in Figure 2b, from location #1 the UE can detect up to 2 satellites at the time above an elevation angle of 10 degrees, belonging to the same orbital plane (#3) and the satellite with the strongest signal (due to shortest distance and lowest angle from the satellite) is available for approx. 5 minutes.
Therefore, it is important to make considerations on the targeted range of the geometry metrics when defining the satellite constellation and implicitly the satellite network characteristics.
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Figure 1: Example of LEO satellite deployment using Walker Delta constellation with 56°:60/3/1. Satellite are indicated by “star” symbol along the orbital planes (dashed lines). Two stationary, relative to Earth, observation UE locations are depicted.
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a) UE location #1. Satellite S312 indicates satellite #12 on orbital plane #3.
[image: ]
b) UE location #2
Figure 2: Geometry metrics extracted from the example LEO satellite deployment and UE locations presented in Figure 1. The LEO satellites are assumed to orbit at 600km altitude with a tangential velocity of 7.8km/s.
Observation #4: The geometry metrics corresponding to a given LEO satellite constellation and UE locations, such as elevation angle, distance to satellite and angle from satellite, determine the radio access and mobility performance in the satellite network.
Proposal #2: Consider the geometry metrics corresponding to a given satellite constellation and UE locations on Earth, such as elevation angle, distance to satellite and angle from satellite, when specifying the reference satellite constellation scenarios for system level performance evaluations.

4	Conclusion
Observation 1: For LEO based access, multi-satellite (satellite constellation) and multi-UE scenarios are needed for RAN2 studies.
Observation 2: All the RAN1 and RAN2 system level evaluation scenarios have to be aligned with the reference scenarios proposed in RAN3 documents.
Observation 3: A circular orbit geometry using the Walker Delta pattern, or the Near-Polar Walker Star pattern are typically adopted.
Observation 4: The geometry metrics corresponding to a given LEO satellite constellation and UE locations, such as elevation angle, distance to satellite and angle from satellite, determine the radio access and mobility performance in the satellite network.
Proposal 1: For LEO based NTN access, adopt generic scenarios with circular orbit geometry using Walker Delta pattern constellations.
Proposal 2: Consider the geometry metrics corresponding to a given satellite constellation and UE locations on Earth, such as elevation angle, distance to satellite and angle from satellite, when specifying the reference satellite constellation scenarios for system level performance evaluations.
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