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1	Introduction
A new WI on solutions for NR to support non-terrestrial networks (NTN) was approved at RAN#86, with an updated WID approved at RAN#88 [1]. The WI aims to specify the following control plane enhancements:
· Idle mode: 
· Definition of additional assistance information for cell selection/reselection (e.g. using UE location information, satellite Ephemeris information)
· Definition of NTN (satellite/HAPS) cell specific information in SIB
· Connected mode
· Enhancement necessary to take into account location information (UE & Satellite/HAPS) and/or ephemeris in determining when to perform hand-over, in order to have a high degree of hand-over control for hand-over robustness and coverage management.
· Enhancement to existing measurement configurations to address absolute propagation delay difference between satellites (e.g. SMTC measurement gap adaptation to the SSB/CSI-RS measurement window) [RAN2/4].
· 
· Service continuity for mobility from TN to NTN and from NTN to TN systems (to be addressed when connected mode mobility has sufficiently progressed)

· Identify potential issues associated to the use of the existing Location Services (LCS) application protocols to locate UE in the context of NTN and specify adaptations if any [RAN2/3]

In this contribution, we provide our view on Idle mode aspects for NTN.
[bookmark: _Ref178064866]2	Cell selection/reselection

In order to understand which issues with NTN should be addressed and with which priority, it is important to understand the scenario. As discussed in [3], we prioritize LEO constellations, Earth-fixed cells and transparent payload architecture.
Either a minimum elevation angle or a maximum RTT can be defined to restrict the possible positions of the serving satellite relative to UE position. By serving satellite we refer to the satellite via which the serving cell Uu is broadcasted.  In other terms, all the satellites located within a certain portion of the sky can potentially serve a certain geographical coverage area to be served by a cell broadcasted via the satellite. In the rest of the text, for brevity, we may only say satellite serving a UE but it should be understood in context of transparent payload, thus gNB on the ground is broadcasting a cell (or cells) via that satellite.
In a real deployment, if the constellation is large enough, this results in a certain number of satellites via which a UE on a certain location could be served. Depending on how many satellites are present in the constellation, there could be only one satellite fulfilling the requirements of a connection or there can be tens of satellites. In these simulations, the requirements of a connection is “eligibility based on elevation angle”.
Due to the distance from the satellite to the ground and the characteristics of the channel model, the RSRP tends to decrease much slower from the center to the edge of a cell compared to terrestrial networks. This behavior continues beyond the cell boundaries so that a UE within the intended (according to cell planning) geographical boundaries of a cell may detect the RSRP from a neighbor cell as significantly high. 
In TR 38.821, it is assumed that an NR cell may be defined by one or more satellite beams. For the purpose of this section we consider a simple scenario, where a cell corresponds to a satellite beam. As mentioned in [6], we consider a minimum elevation angle of 30 degrees, so the elevation angle can vary from 30 to 90 degrees.
The NTN channel model is described in [3] in Section 6.6, whereas the satellite antenna model is described in Section 6.4. The path loss is determined by the Free Space Path Loss (FSPL) and a number of terms, some of which depend on the UE and satellite position, while some others do not. The RSRP is then determined by the path loss, the transmit power at the satellite and the antenna gains. In particular, the satellite antenna gain is a function of the angle described by the beam direction and the UE direction. Below a list of all these terms:
· FSPL, it depends on the distance between the UE and the satellite which depends on the elevation angle and altitude of the satellite. Considering the range of possible elevation angles, the FSPL can vary by roughly 5 dB(satellite is at zenit (minimum distance) to a scenario where it is at minimum elevation angle (maximum distance)). Note that within a cell the elevation angle, usually, does not cover the whole range of possible values, therefore the variation of FSPL within a cell is much smaller.
· Clutter loss, this value is reported in Tables 6.6.2-1, -2 and -3 of [3] as a function of the elevation angle, band and deployment scenario. If only the elevation angle varies within the possible range of values, the clutter loss can vary at most by roughly 5 dB (satellite is at zenit (minimum distance) to a scenario where it is at minimum elevation angle (maximum distance)), but as mentioned above, within a cell the range of possible values is smaller. This loss is present only if the UE is in NLOS condition.
· Atmospheric absorption, this component considers the absorption due to gases in the atmosphere, and it depends on the length of the beam trajectory that intersects the atmosphere: the lower the elevation angle, the longer is the layer of atmosphere crossed by the signal. For S-band it can be neglected, for the Ka band it is suggested to be considered, but the absolute value of this attenuation is around 1 dB with very small variations as function of the elevation angle.
· Satellite antenna gain, the antenna gain pattern presents a main lobe with an angular width dependent on the frequency and aperture radius. The second lobe has a gain 20 dB lower than the first one.
There are other terms in the path loss that change randomly its value. The shadowing has a standard deviation which depends on the elevation angle and the scenario considered. The elevation angle also affects the LOS probability (the lower the elevation angle, the lower is the LOS probability). As mentioned before, if the UE is in NLOS conditions, the clutter loss must be added. For the sake of this discussion we assume that the UE is able, through measurement, to compute the average RSRP excluding the random components. Also, the path loss randomness is present also in terrestrial networks, so it does not represent a novel issue to analyze.
When the satellite is at zenith with respect to the beam center the RSRP is slowly decreasing from the center to the edge. As the contribution of shadowing is milder in satellite systems than in terrestrial systems, also the drop of RSRP is milder.  
When the satellite is not at zenith, the projection of the beam on the ground tends to be elongated. In this case the RSRP drops much more slowly as we move from the beam center to the beam edge. Also, at a low elevation angle the shadowing has a much stronger impact, so that the slow decrease of RSRP due to increasing distance from the beam center is small compared to random variations from shadowing. It is likely that in the neighbor cell the RSRP is not much different from the one measured in the first beam. This means that a UE will observe a similar RSRP from the beam where it is geographically located, and the neighbor beams and it may end up selecting a “wrong” cell due to temporary fluctuations of the RSRP.
This might be acceptable if it is not important that the UE selects the beam or cell where it is physically located. During the study item phase, this issue was discussed in context of GEO NTN and it was concluded that additional information such as location could be needed to improve the cell selection procedure e.g. due to regulatory requirements. Here we observe that the same might happen also for NTN LEO for Earth fixed beams especially when the satellite is not at zenith.
[bookmark: _Toc46742966][bookmark: _Toc47627266]For NTN LEO with earth fixed beams, when a satellite is at minimum elevation, the UE is likely to observe a similar RSRP from neighbor and serving cells. 
[bookmark: _Toc46742969][bookmark: _Toc47630756]RAN2 should consider how to enhance the cell selection criteria in case RSRP measurements are not sufficient e.g. by taking into account UE location with respect to reference cell center. 
3	Ephemeris data
In TR 38.821 [2] it has been captured that ephemeris data should be provided to the UE, for example to assist with pointing a directional antenna (or an antenna beam) towards the satellite, and to calculate a correct Timing Advance (TA) and Doppler shift. Procedures on how to provide and update ephemeris data have not yet been studied in detail, though. 
A satellite orbit can be fully described using 6 parameters. Exactly which set of parameters is chosen can be decided by the user; many different representations are possible. For example, a choice of parameters used often in astronomy is the set (a, ε, i, Ω, ω, t). Here, the semi-major axis a and the eccentricity ε describe the shape and size of the orbit ellipse; the inclination i, the right ascension of the ascending node Ω, and the argument of periapsis ω determine its position in space, and the epoch t determines a reference time (e.g. the time when the satellites moves through periapsis). This set of parameters is illustrated in Figure 1.
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Figure 1: Orbital Elements
As an example of a different parametrization, the TLEs use mean motion n and mean anomaly M instead of a and t. A completely different set of parameters is the position and velocity vector (x, y, z, vx, vy, vz) of a satellite. These are sometimes called orbital state vectors. They can be derived from the orbital elements and vice versa, since the information they contain is equivalent. All these formulations (and many others) are possible choices for the format of ephemeris data to be used in NTN. To enable further progress, the format of the data should be agreed upon.
The discussion in Section 2.2.1 has shown that it is important that a UE can determine the position of a satellite with accuracy of at least a few meters. However, several studies have shown that this might be hard to achieve when using the de-facto standard of TLEs, e.g. [5]. On the other hand, LEO satellites often have GNSS receivers and can determine their position with some meter level accuracy. 
Another aspect discussed during the study item and captured in TR 38.821, is the validity time of ephemeris data. Predictions of satellite positions in general degrade with increasing age of the ephemeris data used, due to atmospheric drag, maneuvering of the satellite, imperfections in the orbital models used, etc. Therefore, the publicly available TLE data are updated quite frequently, for example. The update frequency depends on the satellite and its orbit and ranges from weekly to multiple times a day for satellites on very low orbits which are exposed to strong atmospheric drag and need to perform correctional maneuvers often. 
So, while it seems possible to provide the satellite position with the required accuracy, care needs to be taken to meet these requirements, e.g. when choosing the ephemeris data format, or the orbital model to be used for the orbital propagation.
[bookmark: _Toc47627267]Care needs to be taken, when choosing the ephemeris data format and related procedures, to make sure the precision requirements can be met.

While the information content of all possible formulations might be equivalent, the amount of data needed to encode the information varies. The choice of format should strive to minimize the amount of data that needs to be transmitted or stored in the UE, e.g. by choosing a convenient coordinate system.
[bookmark: _Toc47630757]The choice of format of the ephemeris data should strive to efficient handling of ephemeris data as well as to meet different accuracy requirements.

The maximum allowed error of the TA, while preserving OFDM/OFDMA orthogonality, is determined by the length of the cyclic prefix (CP). Besides TA error, the CP also absorbs other effects such as multipath delay spread to preserve OFDM/OFDMA orthogonality. In 5G NR, the length of the CP is not fixed, but depends on the subcarrier spacing (SCS). For FR1, SCS of 15 kHz and 30 kHz are allowed, resulting in CP lengths of 4.69 µs and 2.34 µs, corresponding to a distance of 1.4 km and 700 m, respectively. Since the TA handles RTT, however, these distances have to be divided by 2 for the regenerative architecture and by 4 for the transparent case. In the worst case (transparent architecture and 30 kHz SCS), the CP length of 2.34 µs would thus allow the satellite to be 175 m away from its nominal position, where the UE expects it to be. 
As this is very much a RAN1 topic, the discussion about ephemeris data format and accuracy requirement should start in RAN1. Thus, we discuss this in detail in our RAN1 contribution [6] and propose here RAN2 waits for RAN1 progress and then starts discussing from signalling.

[bookmark: _Toc47627268]The first steps to define ephemeris data format and accuracy stem from TA in random access and this is to be discussed in RAN1.

[bookmark: _Toc47630758]RAN2 to wait for RAN1 progress for ephemeris data and then discuss the signaling format in RAN2.

Conclusion
In the previous sections we made the following observations: 
Observation 1	For NTN LEO with earth fixed beams, when a satellite is at minimum elevation, the UE is likely to observe a similar RSRP from neighbor and serving cells.
Observation 2	Care needs to be taken, when choosing the ephemeris data format and related procedures, to make sure the precision requirements can be met.
Observation 3	The first steps to define ephemeris data format and accuracy stem from TA in random access and this is to be discussed in RAN1.
Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 should consider how to enhance the cell selection criteria in case RSRP measurements are not sufficient e.g. by taking into account UE location with respect to reference cell center.
Proposal 2	The choice of format of the ephemeris data should strive to efficient handling of ephemeris data as well as to meet different accuracy requirements.
Proposal 3	RAN2 to wait for RAN1 progress for ephemeris data and then discuss the signaling format in RAN2.
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