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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]
Agreements from RAN2#112e:

Agreements:
1. RAN2 to consider the case where gNB is co-located at the GW with higher priority.
2. RAN2 will continue working with the assumption that service link switch implies L3 mobility (meaning that at least in case the SSBs are on the same sync raster point the PCIs need to be different). Check if an LS to RAN1 asking for feasibility of having same PCI as well can be agreed

Agreements:
1. Existing cell reselection principles are considered as baseline and that information about when a cell is going to stop serving the area and information about new upcoming cell can be further considered. In which form and how this is exactly implemented in the cell reselection principles is FFS.


Agreements from RAN2#114:


Agreements:
1. At least in the quasi-earth fixed case (FFS for moving case), the timing information on when a cell is going to stop serving the area is needed to assist cell reselection in NTN for earth fixed scenario.
2. At least in the quasi-earth fixed case (FFS for moving case), the timing information on when a cell is going to stop serving the area is used to decide when to perform measurement on neighbor cells.
3. At least in the quasi-earth fixed case (FFS for moving case), the timing information on when a cell is going to stop serving the area for earth fixed scenario is broadcast to UE via system information.


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. 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.
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 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, that is a minimum elevation angle or maximum RTT, or there can be tens of satellites. 
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. 
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.  
[bookmark: _Toc79083462]For NTN, the UE is likely to observe a similar RSRP from neighbor and serving cells. 

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.

[bookmark: _Toc79083463]For NTN LEO, with Earth fixed beams, the RSRP measured by the UE at cell edge changes as the satellite moves. (Note that with Earth moving beams also the cell edge moves) 

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: _Toc79083464]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: _Toc79083473]RAN2 should consider how to enhance the cell selection/reselection criteria in case RSRP measurements are not sufficient e.g. by taking into account UE location with respect to reference cell center. 


2.1 RSRP measurements for cell reselection
While cell reselection was discussed in the email discussion #153, the RSRP measurement rules were not yet discussed. We discuss these here.
Another aspect is idle mode measurements. In current NR, the UE is expected to regularly perform RSRP/RSRQ measurements for cell reselection purposes in idle mode on inter-frequency and intra-frequency neighbouring cells. There is however a set of configurable exceptions to these rules which are based on whether the signal strength/quality of the current cell is above certain thresholds, which is generally as below:
· the cell selection RX level value (related to RSRP measurements) Srxlev > SSearchThresholdP
· the cell selection quality value (related to RSRQ measurements) Squal > SSearchThresholdQ

If these are fulfilled the UE may choose not to perform intra-frequency, or inter-frequency, measurements whichever applies. The thresholds for RX level and quality value depend on whether the UE is measuring on inter or intra-frequency cells. For intra-frequency the RX level threshold is s-IntraSearchP, which ranges from 0 to 62 dB at the step size of 2 dB and the quality value threshold is s-IntraSearchQ range from 0 to 31 dB at the step size of 1 dB. For inter-frequency the RX level threshold is s-NonIntraSearchP, which ranges from 0 to 62 dB at the step size of 2 dB. The values of s-NonIntraSearchQ range from 0 to 31 dB at the step size of 1 dB.
As the RSRP levels are quite equal between cells in NTN, it is hard to control the idle mode measurements only by based on RSRP. If the above mentioned relaxations are not taken into account, UE needs to perform these measurements all the time, or UE may not trigger these measurements even if on the cell edge. In TR 38.821 this has been described that UE location can be taken into account in RRC_IDLE/RRC_INACTIVE mode procedures. Accordingly, we would like to propose here to consider taking the UE location into account also for the idle mode measurement rules.

[bookmark: _Toc79083465]As the RSRP levels are quite equal between cells in NTN, it is hard to control the idle mode measurements only based on RSRP measurements. 
[bookmark: _Toc79083474]RAN2 should consider taking the UE location into account also for the idle mode measurement rules. 
For those scenarios, location and RSRP are not enough to trigger measurements for a UE that is in the center of the cell that is going to vanish. One relevant and common aspect for both Fig 1 and Fig 2 is that one cell/PCI is going to stop serving an area. The remaining time Tservice until the cell/PCI is going to stop serving an area can be defined. While the exact definition can vary and can be discussed further, it is possible to discuss the relevance of the Tservice with respect RSRP measurement for cell reselection without the exact definition settled.

[bookmark: _Toc79083466]The location and RSRP are not enough to trigger cell selection for a UE that is in the center of the cell that is going to vanish
[bookmark: _Toc79083475]RAN2 should take Tservice into account for idle mode measurement rules.

TN NTN cell reselection
In RAN2#114e the following was agreed: 
Agreements online:
1. For CHO, joint configuration of location and RSRP as well as time and RSRP triggers are supported.
2. For idle mode reselection, based on configuration NTN UE can prioritise TN over NTN. Configuration details FFS

In several contributions there have been discussions regarding performing measurements in a network with both TN and NTN (both networks have the same PLMN) [7][8]. 
There are two cases that are worth to address when it comes to prioritization and/or more reduced measurements for power saving considerations: 
· The UE is camping on a Terrestrial Network and need to perform measurements on NTN. This can for instance be when a UE is connect to a rural cell where it is known that the there are no terrestrial cell neighbours in certain directions, thus an NTN could potentially serve the UE. Excessively measuring NTN can in some cases be very wasteful. 
· The UE is camping on a Non-terrestrial Network and need to perform measurements on the Terrestrial Network. In the case where the UE is for instance on a cruise ship far away from any terrestrial network, there would still be a clear need for the UE to detect terrestrial cells as the UE will eventually reach shore, but for a large period of time there would be a clear waste to perform the measurements. 

[bookmark: _Toc79083467]Power saving considerations for NTN-TN network is valid both in the case where the UE is camping on NTN and when camping on TN.

As mentioned in 2.1, there are Rel-15 procedures for reducing the amount of measurements in idle mode in certain conditions. Utilizing the relaxed measurements for both of these cases will reduce power consumption, especially since in many of the cases there will not be a need to do mobility from TN to NTN or mobility from NTN to TN. However there could be a need to cancel the relaxed measurements to ensure that a cell is not under-prioritized. The conditions on how to cancel the measurements depends on the case defined above. 
The UE is camping on a Terrestrial Network. In this case, the UE has through the conditions described in the relaxed measurement section of 38.304 entered the relaxed measurement stage. It could thus be beneficial that the UE cancels the relaxation of the measurements when an NTN cell is detected so that relaxed measurements does not cause undesirable prioritization of NTN. 
[bookmark: _Toc79083468]Relaxed measurements when camping on TN and cancelling when detecting NTN could be a way to achieve power savings and appropriate TN priorization.

The UE is camping on a Non-Terrestrial Network. In this case the priority is to ensure that the terrestrial cell is measured extra carefully when needed, due to the increased capacity through the terrestrial cell. Furthermore, there can be conditions where the TN cell is momentarily in non-LoS condition where the satellite cell is in LoS (due to varying LoS probability). This means that if the UE camping on a Non-Terrestrial Network and is in a relaxed measurement mode due to the stable conditions of NTN, if the UE detects a TN, the UE can remain in a relaxed mode for NTN but enter a normal mode for measuring the terrestrial network. This can ensure timely hand-in mobility and appropriate prioritization of TN. 
[bookmark: _Toc79083469]Similarly, when connected to NTN and detecting TN, the UE can continue relaxed measurements on NTN while assuming normal measurements on TN to allow for appropriate hand-in.

[bookmark: _Toc79083476]RAN2 should considered rules for cancelling relaxed measurements when either camping on NTN or TN performing measurements on the opposite network.

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.
[image: ]
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 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: _Toc79083470]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: _Toc79083477]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 to wait for RAN1 progress and then start discussing the signaling format.

[bookmark: _Toc79083471]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: _Toc79083478]RAN2 to wait for RAN1 progress for ephemeris data and then discuss the signaling format in RAN2.
Ephemeris data format was discussed in #153 and majority of companies agree to wait for RAN1 progress. Additionally there was a discussion on whether the ephemeris to be divided into camped normally cell’s and neighbour’s part. Our proposal is that RAN2 should start by defining the camped normally cell’s ephemeris and see then what is needed about neighbour cells/satellites.

[bookmark: _Toc79083479]RAN2 should start by defining the camped normally cell’s ephemeris and see then what is needed about neighbour cells/satellites.

Further, there is a discussion on how ephemeris data should be provisioned to the UE. Pre-provision, NAS, RRC(SI or dedicated) should all be considered. Further different ways to quantize the data needs to be considered such as orbital info can be given as orbital planes/sub planes and SI can point with index to orbital sub plane. Division can be in time, given sparsely finer data and more frequently updates. From the responses it can be seen that companies are willing to consider mixture of preprovisioning part of the data and updating further the information. This means the data needs to be organized in such manner that the update of the information can be related to the already provisioned information. For this, a quantization with indexing is required. It is likely a longer discussion on which dimension/dimensions the quantization best serves the NTN deployments.

[bookmark: _Toc79083472]In order to facilitate preprovisioning part of the ephemeris data and updating further the information, the data needs to be organized in such manner that the update of the information can be related to the already provisioned information. For this, a quantization with indexing is required. 

[bookmark: _Toc79083480]RAN2 to discuss options on how ephemeris data can be organized efficiently to facilitate preprovisioning part of the ephemeris data and updating further the information. Note that this can be done without input from RAN1 about the exact formatting.

Conclusion
In the previous sections we made the following observations: 
Observation 1	For NTN, the UE is likely to observe a similar RSRP from neighbor and serving cells.
Observation 2	For NTN LEO, with Earth fixed beams, the RSRP measured by the UE at cell edge changes as the satellite moves. (Note that with Earth moving beams also the cell edge moves)
Observation 3	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 4	As the RSRP levels are quite equal between cells in NTN, it is hard to control the idle mode measurements only based on RSRP measurements.
Observation 5	The location and RSRP are not enough to trigger cell selection for a UE that is in the center of the cell that is going to vanish
Observation 6	Power saving considerations for NTN-TN network is valid both in the case where the UE is camping on NTN and when camping on TN.
Observation 7	Relaxed measurements when camping on TN and cancelling when detecting NTN could be a way to achieve power savings and appropriate TN priorization.
Observation 8	Similarly, when connected to NTN and detecting TN, the UE can continue relaxed measurements on NTN while assuming normal measurements on TN to allow for appropriate hand-in.
Observation 9	Care needs to be taken, when choosing the ephemeris data format and related procedures, to make sure the precision requirements can be met.
Observation 10	The first steps to define ephemeris data format and accuracy stem from TA in random access and this is to be discussed in RAN1.
Observation 11	In order to facilitate preprovisioning part of the ephemeris data and updating further the information, the data needs to be organized in such manner that the update of the information can be related to the already provisioned information. For this, a quantization with indexing is required.
Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 should consider how to enhance the cell selection/reselection criteria in case RSRP measurements are not sufficient e.g. by taking into account UE location with respect to reference cell center.
Proposal 2	RAN2 should consider taking the UE location into account also for the idle mode measurement rules.
Proposal 3	RAN2 should take Tservice into account for idle mode measurement rules.
Proposal 4	RAN2 should considered rules for cancelling relaxed measurements when either camping on NTN or TN performing measurements on the opposite network.
Proposal 5	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 6	RAN2 to wait for RAN1 progress for ephemeris data and then discuss the signaling format in RAN2.
Proposal 7	RAN2 should start by defining the camped normally cell’s ephemeris and see then what is needed about neighbour cells/satellites.
Proposal 8	RAN2 to discuss options on how ephemeris data can be organized efficiently to facilitate preprovisioning part of the ephemeris data and updating further the information. Note that this can be done without input from RAN1 about the exact formatting.
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