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1 Introduction to Idle/Inactive Mode Procedures for an NTM
RAN2 has studied various aspects of idle/inactive procedures for an NTN. Unique challenges such as tracking area management arise due to mobility of NTN cells and large cell sizes in an NTN. RAN2 has concluded that basic idle/inactive mode procedures defined for a Terrestrial Network (TN) can be reused for an NTN and some aspects such as TA management need to be addressed for an NTN. This contribution summarizes our preliminary observations and proposals for the idle/inactive mode procedures presented in RAN2 [1] [2]. 
2  Discussion
We would like to offer some observations and related proposals on the idle/inactive mode procedures next to facilitate the discussions toward normative specifications that are customized for an NTN.
2.1 Tracking Area Management
A TN cell broadcasts a Tracking Area ID (TAI) to enable the UE to carry out mobility-based Tracking Area Updates (TAUs). The network utilizes TAs to page the UE. For example, the AMF considers the UE registered in a set of TAs identified by a Registration Area or TAI List once the UE registration has been completed. If the UE moves into a cell that broadcasts a TAI outside the UE’s TAI List, the UE carries out a TAU to inform the core network about its new TA. The core network can then page the UE in the correct geographic area when needed.

In an NTN, when moving cells (e.g., in case of non-GEO satellites) broadcast their TAIs like TN cells, even a stationary UE sees frequently changing TAUs and needs to keep doing TAUs. To avoid this problem, RAN2 has decided to keep TAs fixed. More specifically, RAN2 has stated that “Fixed Tracking Area is recommended for the WI phase” [2].
Several mechanisms have been discussed to enable implementation of fixed TAs on the ground [2]. These methods involve different aspects such as time- and geographic area-based TAI changes by the satellite, UE location-based signaling, and periodic TAUs by UEs to cover a limited time window.
To realize fixed-earth TAs, as envisioned by RAN2, a virtual tracking area (VTA) can be defined. Such VTA corresponds to a fixed geographic area on Earth. 
Consider Figure 1 as an example of a VTA. At time t1, the VTA is served by 4 TAIs- {A, B, C, and D}. At time instant t2, the VTA is served by {B, C, D, E, F, G}. Hence, from t1 to t2, the VTA is served by TAIs {A, B, C, D, E, F, G}. The irregular shape of the geographic area and the selected beam sizes have resulted in these specific TAIs being part of the VTA.
As part of the Registration Accept message, the UE is informed about the VTA that is registered in. 
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Figure 1. Realizing the Fixed TA Vision via Virtual Tracking Areas

As non-GEO satellites broadcasting the typical one TAI per cell illuminate different parts of Earth, different TAIs serve the same VTA during a given time window (e.g., few minutes). For two different time windows, the mapping between the VTA and TAIs is different. The UE does not carry out mobility-based TAUs as long as it stays in the same VTA. The network can provide the mapping between the VTA and TAIs for the appropriate time period (e.g., one full “cycle” per satellite ephemeris data) that includes multiple smaller time windows. This approach reuses R16 mechanisms and simplifies the satellite processing and the UE processing. The traditional TA management framework of a TN can be reused and enhanced to plan TAs for an NTN.  

Observation 1. RAN2 has decided to utilize fixed TAs for an NTN. 

Proposal 1. We request RAN2 to discuss whether to define Virtual Tracking Areas for NTN. 
2.2 Ephemeris and Location Information
RAN2 states that “Ephemeris information and UE location information can be used to help UEs perform measurement and cell selection/reselection” and that “How to deliver and utilize the information can be defined in the WI phase.”

The ephemeris information is likely to be stable for a long time period for a given constellation of satellites and a given NTN deployment. In theory, such information can be provided via broadcast signaling or dedicated signaling using the NR-based radio interface in an NTN, NR-based radio interface in a TN, or a WiFi-based interface.  The information can be provided similar to Over-The-Air (OTA) software updates at the application layer. An OAM system or an application server can be used as a source of ephemeris information for the NTN UE. For the cellular TN or NTN, unicast, broadcast (SI), or multicast (e.g., MBMS) signaling can be used. These approaches can also be combined.
The UE can use the ephemeris information to search for satellites. The network can use the ephemeris information to manage NTN cells and plan for TAs.

If the UE has GNSS capabilities and if it can determine the GNSS-based location (e.g., when the radio environment is conducive to such determination), the UE can potentially use the knowledge of its location along with the satellite ephemeris to identify satellites and hence cells/PCIs.
Observation 2. RAN2 is seeking mechanisms to deliver the ephemeris information to UEs.  
Proposal 2. Consider ephemeris delivery mechanisms including NTN and non-NTN methods (e.g., cellular network or a WiFi network) and unicast, broadcast, and multicast signaling.  

2.3 System Information Broadcast
RAN2 has not yet found any issues with SI reliability even in case of moving cells [2].

RAN2 has identified that the neighbor cell is predictable due to predictable movement of LEO satellites. Furthermore, RAN2 has indicated that the neighbor cell list can be provided via broadcast system information in an NTN just like how it is done in NR (for a TN).
The neighbor list can be enhanced and cell reselection can be made more reliable and faster if we make use of the knowledge of the satellite movement. The network knows about the satellite movements (e.g., the satellite moving East-to-West) and knows about the relative positions of NTN cells (e.g., a neighboring cell is toward North or toward South of the serving cell). A given UE cannot move to the cell that is in the West of the serving cell when cells are moving from West to East. 
Consider Figure 2, where the satellites are moving from right-to-left (e.g., East-to-West).
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Figure 2. Satellite Movement-based Enhanced Neighbor List
Imagine that a UE in the serving cell with PCI=7. A typical neighbor list can be created as {1, 2, 6, 8, 10, 11} and the gNB can broadcast such neighbor list in System Information to facilitate the UE’s search of NTN cells. However, we proposed a more compact neighbor list can be created as {6, 8, 10, 11} by effectively avoiding cells 1 and 2. Furthermore, to facilitate a more reliable cell reselection on the cell-overlapping areas, a suitable offset to the measured RSRPs can be utilized. 
For example, a neutral offset (e.g., 0) can be used for the cells that are located North or South of the serving cells (e.g., cells 6 and 8 in Figure 2). Furthermore, an offset that encourages cell reselection toward the cells that are in the East of the serving cell (e.g., cells 10 and 11) can be used. Since the RSRPs may be similar for the neighboring cells in an NTN, such satellite movement-based offset can provide a more reliable cell reselection.
Satellites move at the speed of approximately 3 km/s (e.g., for GEOs) to approximately 8 km/s (e.g., for LEOs), with a lower speed at a higher altitude. To cross into Cell 1 (or Cell 2) from its current Cell 7, the NTN UE would have to exceed the speed of satellite. Fastest NTN UEs. The fastest bullet train speed on earth is less than 500 km/hr or about 0.14 km/s. The commercial planes move at the speed of up to 1,200 km/hr, which is about 0.33 km/s. Hence, an NTN UE cannot be expected to move into a cell that is to the left of its current cell when the satellite cells are moving from right-to-left.  
Observation 3. The neighbor list and the satellite movements are predictable in an NTN. However, RSRPs are likely to be similar in the cell-overlapping areas, making the cell reselection challenging for an NTN UE.   
Proposal 3. We request RAN2 to consider enhancements to the cell reselection procedure (e.g., by exploiting the knowledge of the satellite movement and/or other means).  
While there are different types of NTNs, RAN2 has decided to focus on two types of the NTN in Release 17- GEO satellites with a transparent payload and LEO satellites with a transparent payload. In these configurations, the gNB radio interface protocol stack is on the ground, and the satellite essentially acts as a repeater. HAPS is implicitly supported due to the support for LEO satellites. In future (i.e., after R17), an airborne/space vehicle with a regenerative payload may also be supported. In such case, the entire gNB may be on the airborne/space vehicle. In another possibility, the gNB-DU may be on the airborne/space vehicle and the gNB-DU may be on the ground.
Different NTNs have different propagation delays and hence different minimum Round Trip Time (RTT). Several parameters in the radio protocol stack, some timers (e.g., random access response window and contention resolution timer at the MAC layer and a common Timing Advance at the PHY layer) and some non-timers (e.g., RLC and PDCP sequence size and number of HARQ processes), are influenced by the RTT. A given NTN Type can be associated with a common timing reference and an adjustment in a standard-defined table. For non-time-based parameters, a scaling factor that modifies the existing range can also be specified in a standard-defined table.
Although not within the RAN2 scope, we observe that transmission of “NTN Type” is also useful on intra-network interfaces. For example, the gNB can convey “NTN Type” to the AMF on the N2 interface, and, the AMF can determine a suitable value for the paging timer. 
Observation 4. Different NTN types have widely different propagation and processing delays.  

Proposal 4. Broadcast “NTN Type” in System Information and define suitable tables to associate “NTN Type” with parameter adjustments relative to R16 parameter settings. 
3 Conclusion

Samsung looks forward to collaborating with the NTN WI participants to create a flexible, effective, and long-lasting NTN framework. This framework can provide a strong foundation upon which further enhancements can be built in Release 18 and beyond. We have reiterated our preliminary proposals on idle/inactive mode enhancements below.
Proposal 1. We request RAN2 to discuss whether to define Virtual Tracking Areas for NTN. 
Proposal 2. Consider ephemeris delivery mechanisms including NTN and non-NTN methods (e.g., cellular network or a WiFi network) and unicast, broadcast, and multicast signaling.  
Proposal 3. We request RAN2 to consider enhancements to the cell reselection procedure (e.g., by exploiting the knowledge of the satellite movement and/or other means).   
Proposal 4. Broadcast “NTN Type” in System Information and define suitable tables to associate “NTN Type” with parameter adjustments relative to R16 parameter settings.
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