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1 Introduction- Idle and Inactive Mode Aspects
RAN2 started working on the Non Terrestrial Network (NTN) Work Item as part of Release 17 in August 2020 [1][2][3]. RAN2 held an email discussion on the impact of moving beams in the idle/inactive mode UEs as part of “[POST111e][910][NTN] Impacts of earth fixed and moving beams” [4]. More recently, RAN2 has held an email discussion on the idle/inactive mode UEs as part of “[Post112-e][153][NTN] Idle mode issues” [6]. Samsung’s previous contributions to idle mode discussions can be found in [7].
RAN2 has made the following agreement for the idle/inactive mode [8].

“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.”

This contribution briefly discusses the following areas to facilitate collaboration among contributing companies and help RAN2 make progress toward solutions. 
A. Cell Selection and Cell Reselection

B. System Information

C. Tracking Area Management
D. Paging Area Optimization

E. Neighbor Cell Search

2 Discussion
We would like to offer some observations and related proposals below to facilitate the discussions toward normative specifications that are customized for an NTN. 
2.1 Cell Reselection
RAN2 has agreed to use the existing R16 cell selection and reelection mechanisms as the baseline for an NTN [8]:
“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.”

We had observed in [7] that the traditional cell reselection method used in a TN is not directly applicable to an NTN due to the mobility of cells, different types of beams (e.g., Earth-fixed, quasi-Earth-fixed, and Earth-moving beams or cells), and similar RSRPs of the serving cell and neighbor cells. We further observed that new quantities are available in an NTN (e.g., elevation angle, distance, and Time/Delay/Timing Advance). Additionally, satellite movements are predictable and hence can be exploited to enhance the R16 cell reselection procedure. In summary, to enhance reliability and increase flexibility in NTN deployments, a new cell reselection approach is needed for an NTN. We further observe that RAN2 is actively considering time/timer-based and location-based Conditional Handover (CHO). We had suggested cell reselection triggers and neighbor cell selection method for an NTN in [8] and have reiterated those briefly below for RAN2’s consideration. 
Cell Reselection Triggers

Multiple new quantities can be used as potential triggers for cell reselection. However, reliability of some triggers, although conceptually very useful, may not be known until NTN deployments occur. Furthermore, some triggers are useful for one NTN Type (e.g., GEO satellites), and, while some triggers are useful for another NTN Type (e.g., Earth-moving beams in LEO satellites). For example, a time-based trigger would be quite useful for LEO satellites but not helpful at all for GEO satellites. Hence, we suggest a flexible trigger framework for an NTN. In this flexible framework, the gNB can specify its choice of one or more Trigger Conditions (TCs) in System Information. A Trigger Condition utilizes one of the combination triggers, and, a combination trigger generally combines two or more individual triggers.  
Examples of Individual Triggers include RSRP, distance, time, and elevation angle. For example, the Individual Triggers can formally be Distance-To-Platform in the Serving Cell (DTPSC), Neighbor Cell Signal Measurement (NCSM), Time-Since-Last-Cell Reselection (TSLCR), and Serving Cell Elevation Angle (SCEA).

We have below given some examples of TCs and the combination triggers that they use.
Trigger Condition A

We can create a combination trigger by combining the Individual Triggers of the “DTPSC Trigger” and the “NCSM Trigger” using a logical AND function. When such combination trigger is satisfied for any of the neighbor cells, the cell reselection is triggered, and, the Neighbor Cell Selection procedure is executed.  One of the neighbor cells is selected during the Neighbor Cell Selection procedure is executed.
[ “if (DTPSC > Threshold_Distance_ServingCell_CellReselection)”] AND

[ “If ((NSM+ Δ) > Threshold_SignalMesurement_Neighbor_NTN) for timeToTrigger”]

TC (A)

In Trigger Condition (TC) (A), the first part of the combination trigger indicates that the UE is away from the center of the serving cell and near the edge of the serving cell, pointing to the need for cell reselection. The second part of the combination trigger indicates that the neighbor cell can provide to the UE a radio environment suitable for communications.
Trigger Condition B

[ “if (TSLCR > Threshold_Time_CellReselection)”] AND

[ “If ((NSM+ Δ) > Threshold_SignalMesurement_Neighbor_NTN) for timeToTrigger”]

TC (B)

The first part of the TC (B) indicates that a sufficient time has elapsed since the last time a cell reselection was performed and that a neighbor cell suitable for cell reselection should be arriving soon. The second part of the combination trigger indicates that the neighbor cell can provide to the UE a radio environment suitable for communications. The TC (B) is useful even for the UEs that are not GNSS-capable.
Trigger Condition C

The Individual Triggers of the “SCEA Trigger” and the “NCSM Trigger” are combined in TC (C) using a logical AND function as follows.

[ “if (SCEA > Threshold_ServingElevationAngle_NTN)”] AND

[ “If ((NSM+ Δ) > Threshold_SignalMesurement_Neighbor_NTN) for timeToTrigger”] 

TC (C)

The first part of TC (C) indicates that the UE is away from the center of the serving cell and near the edge of the serving cell, pointing to the need for cell reselection. The second part of the combination trigger indicates that the neighbor cell can provide to the UE a radio environment suitable for communications.
We suggest that RAN2 discuss a flexible framework consisting of a set of Individual Triggers including new quantities available in an NTN, combination triggers that combine Individual Triggers, and Trigger Conditions. The gNB can specify in System Information one or more TCs that the UEs in a cell should use. 
Observation 1. Different triggers are suitable for different NTN Types. Furthermore, an NTN offers an opportunity to exploit new quantities such as time, distance, and elevation angle. However, reliability of individual triggers may not be fully and accurately known until NTN deployments occur or widespread testing has been carried out.  

Proposal 1a. We suggest that RAN2 evaluate all available triggers and determine their suitability for different types of beams or cells (e.g., Earth-fixed beams, quasi-Earth-fixed beams, and Earth-moving beams).    

Proposal 1b. We suggest that RAN2 consider a flexible trigger framework that enables flexible combining of individual triggers and supports indication of such combinations in System Information to increase the reliability of cell reselection in an NTN and to mitigate risks associated with new quantities and/or new type of deployment.  
“Neighbor Cell Selection” Method
Once the cell reselection is triggered, the best neighbor cell needs to be selected using a neighbor cell selection method such as the rank method used in Release 15 and Release 16. We had suggested enhancements in the neighbor cell selection that exploits predictable cell movement in an NTN. Since RAN2 has not yet addressed this topic, we have briefly reiterated those enhancements below.
We suggest introduction of an offset to calculate the neighbor rank for the purpose of neighbor selection to reflect the unique characteristics of an NTN. A neighbor cell with the highest rank among these neighbor cells is selected by the UE.

The cell-ranking criterion Rs for serving cell and Rn for neighboring cells are calculated by considering the satellite movement based offsets [5]:

Rs = Qmeas,s +Qhyst – Qoffsettemp





Eq. (1)
Rn = Qmeas,n -Qoffset - Qoffsettemp - Δ





Eq. (2)
In Eq. (2), Rn is the rank of the neighbor cell n, Qmeas,n is the measured quantity (e.g., RSRP) for the neighbor cell n, Qoffset-temp is a temporary offset used when an RRC connection establishment fails in a cell (see 3GPP TS38.331), and Δ can reflect the influence of the neighbor cell’s movement. 
Let’s see how Δ can be used to exploit the predictable movement of the cells to accelerate the selection of a neighbor cell to increase the reliability of cell reselection in an NTN. Consider an example NTN deployment shown in Figure 1, where a non-GEO (e.g., LEO) Satellite 1 is managing the PCIs 0 to 5, and another non-GEO Satellite 2 is managing the PCIs 6 to 11. The satellites and the satellite beams are continuously moving from right to left in Figure 1. Since the beams of both satellites move at the same time, the relative positions of these satellite beams and hence NTN cells remain the same as the satellites illuminate one geographic area at one instant and another geographic area at another instant.
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Figure 1. Typical Deployment of a Terrestrial Network

If an NTN UE is in Cell 7, it is not feasible for such NTN UE to perform cell reselection or handover to the cells to the left of Cell 7. To cross into Cell 1 (or Cell 2) from its current Cell 7, the NTN UE would have to exceed the speed of satellite. For reference, LEO satellites move at the speed of 7 to 8 km/s. 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. An NTN UE cannot move into a cell that is to the left of its current cell when the satellite cells are moving from right-to-left.  
Using the predictable movements of satellites, we can create a shorter Neighbor List. For example, a typical neighbor list for Cell 7 would be {1, 2, 6, 8, 10, 11}. However, in the proposed approach, a shorter neighbor list is created by avoiding cells to the left of Cell 7. The proposed approach removes the cells {1, 2} from the original list to create a more compact neighbor list {6, 8, 10, 11}.  
Furthermore, we can encourage handover to incoming cells 10 and 11 by setting Δ to a negative value. In contrast, Δ can be set to 0 for Cells 6 and 8.
Observation 2. The satellite movements are predictable and can be exploited to create a compact Neighbor List and to improve the reliability of cell reselection.   

Proposal 2. We suggest that RAN2 consider the use of predictable satellite movements to create a compact Neighbor List and to introduce a cell movement-based offset in the neighbor rank calculation formula to enhance the overall reliability of cell reselection in an NTN.  

Quasi-Earth-Fixed Cells (“Steerable Beams”)

We observe that quasi-Earth-fixed cells have similar radio channel conditions for both the outgoing cell and the incoming cell, and, UEs need to be moved from the outgoing cell to the incoming cell within a short period. Figure 2 describes how quasi-earth-fixed cells are changed in time-domain. Let’s assume satellites (SAT1 and SAT2) are moving to the East. With the steering beams, both SAT1 and SAT2 serve the same geographical location at T2. However, SAT2 moves out in short at T3 thus it is desirable if all UEs served by SAT2 are moved to the cell served by SAT1 during the timer period between T2 and T3. We think the most straightforward option to move UEs in one cell to another cell is to use Cell Change Order. In this case, Cell Change Order is common to all UEs in the cell served by SAT2. 

Observation 3. All UEs need to be moved from the current outgoing cell to an incoming cell in case of quasi-Earth-fixed beams. 

Proposal 3. Use a Common Cell Change Order to move all UEs from one cell to another. 
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Figure 2. Quasi-earth-fixed cell with steering beam

2.2 System Information
RAN2 has identified the need to update System Information after sufficient progress has been made on various aspects.
We expect that SI relevant to the NTN may fall into these categories: (i) NTN information that can be made part of an existing SIB (e.g., SIB1), (ii) NTN information that needs to be sent more frequently compared to typical SIBs for a Terrestrial Network (TN), and (iii) NTN information that does not need to be sent more frequently compared to typical SIBs for a Terrestrial Network. Furthermore, NTN-specific information may need to be sent more reliably (e.g., via repetitions in consecutive TTIs) for faster detection by NTN UEs.
Definition of “NTN Type”
We suggest that RAN2 consider defining an NTN Type. While the NTN Type can distinguish among different type platforms such as GEOs, MEOs, LEOs, and HAPs, it can also be used to differentiate among different types of beams (e.g., Earth-fixed beams, quasi-Earth-fixed beams, and Earth-moving beams). In the simplest form, the NTN Type can distinguish between a TN and an NTN. We observe that the definition of the NTN Type by RAN2 will enable the use of the NTN Type on the radio interface as well as in the core network. Furthermore, an explicit indication of the NTN Type will be more beneficial than an implicit indication, especially considering the fact that only a limited number of bits (e.g., 1 to 3 bits) would suffice to convey the NTN Type.
· An NTN UE can be configured to prioritize the selection of a TN or an NTN. For example, if SIB1 includes the NTN Type, the NTN UE does not need to process additional SIBs (e.g., to retrieve satellite ephemeris and carry out the distance calculations to determine the type of the NTN) to select a network. Note that a given carrier frequency may be used by a TN operator or an NTN operator (e.g., via a business arrangement for spectrum sharing).

· It is highly likely that R16 parameter settings can be reused if “NTN Type” is “HAPS.”

· The NTN Type can be used by the gNB to select the AMF that is optimal to serve NTN UEs.

· The AMF can use the NTN Type to optimize the paging operation (e.g., by selecting the paging retry timer). The AMF can further use the NTN Type to select an SMF.

· The NTN Type, similar to the RAT Type, can be used for charging (e.g., one set of charging characteristics for the TN and another set of charging characteristics for the NTN).
· The NTN platform ephemeris would still not reveal the type of the beam or the cell. We expect different cell reselection triggers to be relevant in different types of beams.
Observation 4. The NTN Type can be used on the radio interface as well as in the core network.  Hence, it is helpful to define an NTN Type so that both the radio network and the core network can benefit from such definition.
Proposal 4. We suggest that RAN2 consider defining an “NTN Type” that reflects the type of the network (e.g., TN vs. NTN), the type of the platform (e.g., GNSS, non-GNSS satellites, and HAPS), and the beam type for non-GNSS satellites.  

Platform Position and Time Information
RAN2 had identified the need to broadcast the platform’s ephemeris in some fashion. However, the specifics of the ephemeris have not been discussed. We have conveyed our views on the ephemeris specifics in [7] and have briefly reproduced below for RAN2’s consideration.

The platform’s position, velocity, and time (P, V, T) information can be used by the UE for timing and frequency compensation. However, the platform finds its own GNSS-based position P1 at time t1, the NTN-GW receives this platform information at time t2, the gNB receives this platform information at time t3, and the UE receives this platform information at time t4. Furthermore, the Reference Point (e.g., center of the cell) receives such platform information at time tN, where tN >= t4 or tN <= t4 depending upon the position of the platform, the Reference Point coordinates, and the UE location. 
To enable the UE to accurately estimate the platform’s (P, V, T), the NTN-GW and/or the gNB may alter the platform’s (P, V, T). The gNB may include the (P, V, T) originally reported by the platform, the (P, V, T) updated by the NTN-GW to reflect the platform-to-GW delay, or the (P, V, T) applicable at the instant when the gNB places the platform’s information in a SIB. Furthermore, to facilitate the UE’s estimation of the UE-gNB-Round Trip Delay (UGRTD), the gNB may include the time corresponding to the instant when such time is placed in a SIB.

Furthermore, to facilitate an accurate estimation of the feeder link delay at the UE, the gNB may broadcast the GNSS-based location of the NTN-GW instead of the feeder delay. The UE can then calculate (i) the UE-platform propagation delay (= “service link delay” or “access link delay”) using its own position and the platform’s position and (ii) the platform-NTN-GW delay (“=”feeder link delay”) using the platform’s position and the NTN-GW position.
In case a GNSS-based location cannot be reliably determined by the UE or if a UE (e.g., a Release 18 UE) does not have a GNSS capability, the use of the “common delay” between the Reference Point in the cell on the ground and the gNB can be quite useful to cover a large fraction of the delay between the UE and the gNB. Such common TA can be approximated as the sum of the service link delay and the feeder link delay assuming that the processing delays are negligible. In such case, the processing delay can also be broadcast by the gNB.
Observation 5. The platform-determined ephemeris may be altered by the NTN-GW or the gNB to enable the UE to accurately estimate the platform’s position and the UE-gNB Round Trip Delay. A UE may not always have reliable GNSS-based position available (e.g., due to poor GNSS visibility).
Proposal 5. We suggest that RAN2 discuss the gNB broadcast of altered (P, V, T) of the platform, time when the relevant SIB is created, Reference Point’s GNSS-based coordinates, and NTN-GW’s GNSS-based location. 
2.3 Tracking Area Management
RAN2 has decided to support fixed-Earth Tracking Areas (TAs) to simplify the TA management in an NTN, especially when the beams are not Earth-fixed all the time. However, RAN2 has not yet formally discussed how to facilitate implementation of fixed-Earth tracking areas.
One approach that we have come across involves a cell broadcasting multiple TAIs to implement fixed-Earth TAs. However, such approach is quite challenging to implement in our view. TAs on Earth have irregular geographic areas. The gNB would need to frequently (and in an aperiodic manner) change TAIs in System Information (e.g., in SIB1). Depending upon the actual shapes of fixed-Earth TAs, the time between two instants requiring an update in SIB1 due to a different set of TAIs can often be within the SIB1 window of 160 ms. The gNB must update its TAI set to reflect the geographic area is it illuminating to ensure that an NTN UE anywhere in the TA is reachable by the network for paging. 

We suggest that RAN2 discuss candidate approaches to facilitate implementation of an Earth-fixed Tracking Area. Various candidate approaches options have been identified in [2] for tracking area management. We have also suggested a candidate approach that males use of the concept of a Virtual Tracking Area (VTA) in [7]. A VTA corresponds to an Earth-fixed Tracking Area. In the VTA approach, the gNB transmits a single TAI in a cell like R16. The UE and the AMF are aware of the mapping between the VTA and TAIs in different time windows. Predictable platform movements (e.g., LEO satellites) can be used to easily determine such mapping. The AMF registers the UE in a Virtual Registration Area (VRA) that consists of VTAs. The VRA is equivalent to the R16 TAI List. The UE compares the TAI broadcast in SIB1 with the set of TAIs associated with the VRA at the current instant. In support of the mobility-based registration update, the UE does not send a Registration Request as long as the TAI in SIB1 is in the VRA. 
Observation 6. When multiple TAIs are broadcast by an NTN cell to implement fixed-Earth Tracking Areas, the tracking area management becomes quite complex and would likely reduce the reliability of SIB1 detection. 
Proposal 6. We suggest that RAN2 discuss the topic of tracking area management to identify an effective and reliable approach to ensure fixed-Earth TAs.
2.4 Paging Area Optimization
RAN2 has so far not considered in any paging optimization. We observed in [7] that there are opportunities to optimize paging in an NTN. We have briefly reiterated our paging related views below to facilitate paging optimization.
For example, we mentioned in [7] that paging a UE in only one paging time slot in one Paging Occasion using specific SSB beam instead of each paging time slot using all the SSB beams can save the power consumption of a satellite and radio resources. 

Observation 7. The NTN offers unique opportunities to optimize paging. 

Proposal 7. Page a stationary UE in a specific SSB beam in Earth-fixed cells of GEOs and quasi-Earth-fixed cells of LEOs. 

We further observed that it is also very high possibility for the UE with low velocity movement to be in the same SSB beam’s coverage when paging a UE in GEO-based systems. If needed, paging can be done in neighbouring SSB beams.
Observation 8. For moving UEs, a paging failure could happen when beam-specific paging is carried out but such failures can be mitigated by extending the paging area.
Proposal 8. RAN2 can investigate the feasibility of beam-specific paging for moving UEs. 
2.5 Neighbor Cell Search

The 3GPP Release 16 utilizes a criterion that guides the UE to look for neighbors and make signal measurements such as RSRP and RSRQ of neighbor cells when the UE is in an idle, inactive, or connected mode. For example, if the RSRP of the service cell is large, the UE is not required to perform neighbor cell measurements, saving processing power and increasing the battery life. However, the use of this criterion is inadequate for an NTN because of several reasons. First, RSRP variations in a large NTN cell are relatively small from one location to another (e.g., cell center, middle of the cell and the cell edge). Such propagation phenomenon makes the use of signal measurements (e.g., RSRP and RSRQ) less reliable or less robust in an NTN compared to a TN. The use of distance as a criterion can make the neighbor search decision-making more robust. Furthermore, the deterministic movement of satellites enables the use of time as another useful criterion to make the overall neighbor cell search mechanism even more reliable and more robust. 
We observe that RAN2 is actively considering the use of combination triggers (e.g., RSRP and time/location) for Conditional Handover (CHO). Such use of multiple measurement quantities will provide benefits in the cell reselection procedure as well.

In summary, the use of multiple quantities instead of the standalone RSRP can be very helpful in an NTN for neighbor search.
Observation 9. RSRP as a standalone criterion for cell search is inadequate in an NTN due to unique propagation characteristics of the NTN. 

Proposal 9. We suggest that RAN2 consider the use of multiple measurement quantities such as RSRP, distance from the cell center, and time/timer since last cell reselection to increase robustness and reliability of the neighbor search procedure.

We have also observed that it is possible to enhance the neighbor cell search mechanism such that unnecessary measurements of neighbor cells can be avoided for a larger number of UEs in the cell, reducing the overall processing at the UE and increasing the UE battery life. Furthermore, it is possible to avoid SMTC (SS/PBCH Block Measurement Time Configuration) gaps for a large number of UEs all the time or a significant percentage of time, eliminating any potential throughput loss associated with the SMTC gaps. 
Figure 3 shows the geographic areas in cells where the neighbor cell measurements can be skipped in three different scenarios: Earth-fixed beams or cells, quasi-Earth-fixed beams or cells, or Earth-moving beams. These areas can be referred to as the “Inner Areas” (IAs).
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Figure 3. Inner Areas for Skipping Neighbor Cell Measurements 

GEOs and HAPS create beams that are fixed on the Earth’s surface area all the time. In contrast, LEOs with steerable beams create beams that are fixed on the Earth’s surface area for a finite period before illuminating a different geographic area. LEOs with fixed (i.e., non-steerable) beams create Earth-moving beams that illuminate a different geographic area from one instant to the next. In all these types of beams, the neighbor cell search can be skipped in the IA (along with the time component when useful). The IA can be defined using a new criterion relative to the existing criterion used in TNs. The size of the IA can be determined based on the expected maximum speeds of the UE and the platform and the cell size. The IA size can then be represented by one or more thresholds in a neighbor search criterion.
Observation 10. There are significant opportunities to eliminate unnecessary neighbor cell search related processing at the UE in an NTN and save precious UE battery power.   

Proposal 10. We suggest that RAN2 consider enhancing the neighbor cell search procedure to significantly reduce the amount of processing at the UE. For example, RAN2 can explore the possibility of defining the Inner Area of the cell where the neighbor search by the UE can be eliminated all the time or for a significant percentage of time based on the type of the beam or the cell (i.e., Earth-fixed, quasi-Earth-fixed, or Earth-moving beams).
3 Conclusion

We have summarized proposals below.
Proposal 1a. We suggest that RAN2 evaluate all available triggers and determine their suitability for different types of beams or cells (e.g., Earth-fixed beams, quasi-Earth-fixed beams, and Earth-moving beams).    

Proposal 1b. We suggest that RAN2 consider a flexible trigger framework that enables flexible combining of individual triggers and supports indication of such combinations in System Information to increase the reliability of cell reselection in an NTN and to mitigate risks associated with new quantities and/or new type of deployment.  

Proposal 2. We suggest that RAN2 consider the use of predictable satellite movements to create a compact Neighbor List and to introduce a cell movement-based offset in the neighbor rank calculation formula to enhance the overall reliability of cell reselection in an NTN.  

Proposal 3. Use a Common Cell Change Order to move all UEs from one cell to another. 
Proposal 4. We suggest that RAN2 consider defining an “NTN Type” that reflects the type of the network (e.g., TN vs. NTN), the type of the platform (e.g., GNSS, non-GNSS satellites, and HAPS), and the beam type for non-GNSS satellites.  

Proposal 5. We suggest that RAN2 discuss the gNB broadcast of altered (P, V, T) of the platform, time when the relevant SIB is created, Reference Point’s GNSS-based coordinates, and NTN-GW’s GNSS-based location.

Proposal 6. We suggest that RAN2 discuss the topic of tracking area management to identify an effective and reliable approach to ensure fixed-Earth TAs.

Proposal 7. Page a stationary UE in a specific SSB beam in Earth-fixed cells of GEOs and quasi-Earth-fixed cells of LEOs. 

Proposal 8. RAN2 can investigate the feasibility of beam-specific paging for moving UEs. 

Proposal 9. We suggest that RAN2 consider the use of multiple measurement quantities such as RSRP, distance from the cell center, and time/timer since last cell reselection to increase robustness and reliability of the neighbor search procedure.

Proposal 10. We suggest that RAN2 consider enhancing the neighbor cell search procedure to significantly reduce the amount of processing at the UE. For example, RAN2 can explore the possibility of defining the Inner Area of the cell where the neighbor search by the UE can be eliminated all the time or for a significant percentage of time based on the type of the beam or the cell (i.e., Earth-fixed, quasi-Earth-fixed, or Earth-moving beams).
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