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1 Introduction- Handover 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 connected mode aspects as part of “[Post111-e] [911] [NTN] Connected mode aspects” [4].  
Here are some of the handover agreements made in the RAN2 #112e meeting in November [5].

•
The CHO can be used in NTN for both moving cell and fixed cell scenarios, and the CHO procedure and execution condition defined in Rel-16 is the baseline for NTN CHO. 

•
NTN specific CHO execution condition can be further discussed.

•
The existing measurement framework (e.g. measurement configuration, execution and reporting) is the baseline, and all the existing measurement criteria and event can be used in NTN. Support for new measurement is not excluded.

•
Time or timer based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario.  FFS on how to configure the time or timer based CHO triggering event. Also FFS how to consider the feeder/service link switch timing.

•
Location based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario. FFS on how to configure the location based CHO triggering event. FFS if location based CHO triggering event only (not in combination with other events) can also be considered.

•
The Location-based measurement event, in combination with the existing measurement event in NR, should be supported in NTN for both moving cell and fixed cell scenarios. FFS on how to configure the location based measurement event.
The following agreements were made in RAN2#114-e meeting [14].

Agreements via email (from offline 104):

1. Support CHO location trigger as the distance between UE and a reference location which may be configured as the serving cell reference location or the candidate target cell reference location. FFS if combination can be allowed.

2. The reference location for the event description is defined as cell center.

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
Agreements via email (from offline 104 - second round):

1. CHO time trigger event is defined as time duration [t1, t2] associated for each CHO candidate cell. The UE shall execute CHO to that candidate cell during the time duration, if all other configured CHO execution conditions will apply and there is only one triggered candidate cell.

2. Same CHO trigger conditions and RRM events can be used within NTN and NTN-TN mobility provided these are supported by the UE. NTN-TN means both “from NTN to TN (hand-in)” and “from NTN to TN (hand-in) and from TN to NTN (hand-out)". FFS for enhancements.
Remaining Connected Mode Mobility Issues for the NTN
Based on the progress made by RAN2 in the area of handover, we think RAN2 needs to address the following issues to facilitate the design of an efficient and high-performance NTN.

1. It is well-known that the NTN beams are elliptical and not circular. If the Euclidean distance between the UE and the cell center is used in the location-based trigger, the assumption of a circular beam is implied. This may result in an incorrect selection of a cell by the UE. Hence, the location-based trigger and associated combination triggers need to be refined to reflect the elliptical beams in an NTN.

2. The use of CHO in an NTN leads to a significant waste of precious resources and subsequent loss of cell throughput, because the resources are reserved at multiple CHO candidate cells for each UE but not actually used and because a massive number of UEs often experience handover simultaneously in an NTN.
3. Certain NTN characteristics such as predictable satellite movements and long propagation delays create unique opportunities for performance enhancements such power-saving neighbor search and satellite movement-based neighbor cell selection.
This contribution addresses above-mentioned topics and summarizes specific proposals to facilitate collaboration among contributing companies and help RAN2 make progress toward effective solutions [13].

A. Elliptical Cells

B. Measurements and Measurement Reporting Triggers
C. Intra-Handover User Traffic Interruption for Traditional Handover
D. Power-saving Neighbor Cell Search

E. Compact and Effective Neighbor List and Accelerated Handover

F. Efficient Handover Signaling
G. CHO Enhancements

2  Discussion
We would like to offer some observations and related proposals below to facilitate handover discussions in RAN2. 
2.1 Elliptical Cells
Note. We have also explained this concept in the companion tdoc on beam issues [15].

As mentioned earlier, RAN2 has decided to support the distance between the UE and the cell center as a location-based trigger as shown in the agreements below [14].
Agreements via email (from offline 104):

1. Support CHO location trigger as the distance between UE and a reference location which may be configured as the serving cell reference location or the candidate target cell reference location. FFS if combination can be allowed.

2. The reference location for the event description is defined as cell center.

The use of a Euclidean distance between the UE and the cell/beam center implicitly assumes a circular beam and may often lead to an incorrect determination of the coverage area where the UE resides. For example, as shown Figure 3 below, the UE may actually be in Cell 1 but may be closed to Cell 2’s center if the Euclidean distance criterion is applied. A better and more accurate approach to identify the UE’s coverage area or cell is to see if the UE inside an elliptical area or not. 

To prevent such incorrect cell selection by the UE during handover and cell reselection, we suggest the use of an elliptical beam instead of a circular beam. The UE can then use the characteristics of the elliptical beam (e.g., center, major or semi-major axis, and minor or semi-minor axis) to determine whether it is in one beam/cell or another beam/cell. The elliptical beam assumption can be used as a measurement report trigger for traditional and conditional handover, CHO execution, neighbor search in all RRC states, and cell reselection trigger.
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Figure 1. Incorrect Cell Selection by the UE: Circular vs. Elliptical Beams

In practice, a satellite’s beam on the Earth’s surface is elliptical. Hence, an elliptical shape for the NTN cell would better match the beam’s coverage compared to a circular shape. In case of quasi-Earth-fixed beams, as the satellite moves from the zenith (e.g., 90° above the horizon) to the horizon, the beam’s coverage on the Earth’s surface changes and the discrepancy between the circular coverage area and the actual coverage area of the beam increases significantly. In summary, the elliptical shape is a better choice than a circular shape to represent an NTN cell.
Observation 1. NTN beams are not circular but elliptical. Furthermore, the dimensions of the elliptical beam’s coverage area on the Earth’s surface area depend on the satellite’s position in the orbit (e.g., near the horizon or near the zenith). The assumption of a circular cell by the UE may lead to an incorrect choice of a cell during cell reselection and handover.
Proposal 1. We suggest that RAN2 consider the use of an elliptical beam instead of a circular beam to reflect the practical beam coverage and to facilitate the selection of the correct cell by the UE during cell reselection and handover. 
2.2 Measurements and Measurement Reporting Triggers
As mentioned in Section 1, RAN2 has decided to use the existing R15 measurement framework for handover as the baseline and make enhancements for an NTN. Furthermore, RAN2 has already agreed to support the use of time/timer and location for CHO.

We observed in [6] and [12] that the existing signal measurement (e.g., RSRP)-based handover procedure is inadequate for an NTN. Different NTN types (e.g., GEOs vs. non-GEOs and quasi-Earth-fixed beams vs. Earth-moving beams) would benefit from different criteria. Note that the accuracy or reliability of new measurements (e.g., elevation angle and location) for handover may not be fully known until actual 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. Furthermore, a combination trigger can be created by combining individual triggers using a logical AND operation and another combination trigger can be created by combining individual triggers using a logical OR operation. Hence, we suggest creation of a flexible measurement framework that allows flexible combining of one or more criteria to reduce any risks with NTN deployments. For example, we can have combination triggers such as (Neighbor RSRP + Distance from the center of the source Cell) and (Neighbor RSRP and Time Since Last Handover). The gNB can indicate what criteria the UE needs to combine based on the NTN type and/or beam type. 

In our view, this framework will simplify the work scope. We can decide what quantities to support (e.g., elevation angle and time since last cell reselection) and what combining method to allow (e.g., a logical “AND” to combine Neighbor RSRP and Source Elevation Angle).  Another possibility is to define a set of trigger combinations in specifications (e.g., in a table) and indicate one or more combinations to the UE (e.g., one or more indexes for the table). If trigger combinations are not represented in a compact manner, there would be too many trigger conditions or handover measurement reporting events.

To implement a trigger for measurement reports, the standalone quantities such as signal measurement (e.g., RSRP, RSRQ, and SINR), time, timer, UE’s distance from the center of the serving cell, UE’s distance from the center of a neighbor cell, serving cell elevation angle, neighbor cell elevation angle, and signal strength difference can be combined in a flexible manner. 
Let’s look at example combinations that combine two of these example standalone or individual triggers: Distance from Cell Center in the Serving Cell (DFCCSC), Neighbor Cell Signal Measurement (NCSM), Time-Since-Last-Handover (TSLH). The DFCCSC can be viewed as the location-based trigger and TSLH can be viewed as the time/timer-based trigger.
We have below given some examples of Measurement Report Triggering Conditions (MRTCs) and the combination triggers that they use. These combination triggers are also reusable for cell reselection. 
Measurement Report Triggering Condition 1
We can create a combination trigger by combining the Individual Triggers of the “DFCCSC Trigger” and the “NCSM Trigger” using a logical AND function. When such combination trigger is satisfied for any of the neighbor cells, the measurement reporting is triggered, and, the UE sends a Measurement Report to the serving gNB.
[ “if (DFCCSC > Threshold1)”] AND

[ “If ((NCSM+ Δ) > Threshold2) for timeToTrigger”]

MRTC (1)

In MRTC (1), 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 handover. The second part of the combination trigger indicates that the neighbor cell can provide to the UE a radio environment suitable for communications.
Such MRTC is suitable for Earth-fixed beams and Earth-moving beams.
Measurement Report Triggering Condition 2
[ “if (TSLH > Threshold1)”] AND

[ “If ((NSM+ Δ) > Threshold2for timeToTrigger”]

MRTC (2)

The first part of the MRTC (2) indicates that a sufficient time has elapsed since the last time a handover was performed and that a neighbor cell suitable for handover 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. 

Such MRTC is suitable for quasi-Earth-fixed beams and Earth-moving beams.

Measurement Report Triggering Condition C (for use with elliptical beams)
The Individual Triggers of the “Inner Area (IA) Trigger” and the “NCSM Trigger” are combined using a logical AND function as follows.

[“If the UE is outside the Inner Area of the serving beam of the serving cell”)] AND

[ “If ((NCSM+ Δ) > Threshold_SignalMesurement_Neighbor_NTN) for timeToTrigger” ]     MRTC (C)

In MRTC (C), 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 handover. The second part of the combination trigger indicates that the neighbor cell can provide to the UE a radio environment suitable for communications.
For the first part of MRTC (C), the UE utilizes the cell center (i.e., the Reference Point expressed as (cx,cy)), the major axis of the IA (majorAxis=2a, with a=semi-major axis), and minor axis of the IA (minorAxis=2b, with b=semi-major axis) and its GNSS-based position (ueX, ueY) to determine if it is inside the IA nor not. For example, the UE calculates the following quantity: comparisonValue=(ueX-cx)2/a2 + (ueY-cy)2/b2. If comparisonValue <= 1, the UE is inside the IA. Otherwise, the UE is outside the IA.
In support of MRTC (C), the gNB broadcasts characteristics of the elliptical cell (i.e., center, major or semi-major axis, and minor or semi-minor axis).

Such MRTC (C) is suitable for all types of beams: Earth-fixed beams, quasi-Earth-fixed beams and Earth-moving beams.

Measurement Report Triggering Condition D
The Individual Triggers of the “Remaining Serving Time (RST) Trigger” and the “NCSM Trigger” are combined using a logical AND function as follows.

[“If remainingServingTime < remainingServingTimeThreshold”)] AND

[ “If ((NCSM+ Δ) > Threshold_SignalMesurement_Neighbor_NTN) for timeToTrigger”]
                                            MRTC (D)

The UE can calculate the remaining serving time of the current serving cell (remainingServingTime) by subtracting the current time from the endServingTime. In MRTC (D), the first part of the combination trigger indicates that the currently serving cell is about to stop serving the currently-served geographic area, pointing to the need for handover. The second part of the combination trigger indicates that the neighbor cell can provide to the UE a radio environment suitable for communications.
In support of MRTC (D), the gNB broadcasts the current time and provides remainingServingTimeThreshold via dedicated/groupcast RRC signaling.

Note that MRTCs can also be used as CHO execution conditions by properly setting the related parameters.

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 Measurement Report Triggering Conditions. The gNB can specify in an RRC Reconfiguration message one or more MRTCs that the UE should use. 

A framework that supports flexible combining of individual triggers to create combination triggers would provide tremendous flexibility to the gNB. Furthermore, this framework avoids the need to define numerous measurement events; one NTN-specific measurement event would suffice. Suitable RRC signaling can specify the target MRTCs.
Observation 2. 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, effectiveness of individual triggers or even combination triggers may not be fully and accurately known until NTN deployments occur or widespread testing in an NTN has been carried out.  

Proposal 2a. We suggest that RAN2 consider a flexible trigger framework that enables flexible combining of individual triggers to increase the reliability of handover in an NTN and to mitigate risks associated with new quantities and/or new type of deployment.  One NTN-specific measurement event can suffice even when multiple trigger conditions are defined for flexibility.
Proposal 2b. We suggest that RAN2 consider a combination trigger that combines the individual triggers of “Inner Area of the Serving Cell” and “Neighbor Cell Signal Measurement” to create a combination trigger for enhanced reliability of handover. 

Proposal 2c. We suggest that RAN2 consider a combination trigger that combines the individual triggers of “Remaining Serving Time of the Serving Cell” and “Neighbor Cell Signal Measurement” for enhanced reliability of handover.
We had observed in [6] that long propagation delays in an NTN lead to a delay in handover decision being made by the S-gNB and the handover command being received by the UE.  To accelerate handover, historical measurements can be utilized by the S-gNB to predict near-term future measurements to make an early and reliable handover decision. Hence, such predictive approach can accelerate the overall handover process. A faster and predictive handover ensures that the UE has a good radio environment in the target cell and the radio environment does not deteriorate by the time the UE connects to the target cell. The gNB can configure the UE with the number of measurements and the periodicity of measurements. When a UE sends a Measurement Report upon meeting a triggering condition, all historical measurements are included in a single report. Such approach of multiple historical measurements being part of a single report is efficient from the signaling perspective, especially when massive handovers are considered in a large cell. 
Observation 3. Long propagation delays in an NTN lead to a delay in the handover decision being made by the S-gNB and the handover command being received by the UE compared to a TN. 

Proposal 3. RAN2 can consider supporting historical measurements to facilitate a predictive handover decision-making at the gNB to accelerate the overall handover.
2.3 User Traffic Interruption during Handover
We have discussed the topic of user traffic interruption in [6], [7], and [9]. We have summarized our findings and a proposal below.
It is possible to significantly reduce the user traffic transfer without altering the overall 4-tep RA signaling between the UE and the network though some simple enhancements. Consider Figure 1 for a proposed intra-handover/Random Access user traffic transfer mechanism. In Figure 1, ST is the Switching Time from the source cell to the target cell, PUA is Periodicity of Uplink Allocation, and PDA is Periodicity of Downlink Allocation. PUA and PDA are applicable if Configured Scheduling is used.
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Figure 2. Example Intra-Handover/RA Timeline for an NTN
In Figure 2, after receiving the RRC Reconfiguration message from the Source- gNB (S-gNB) and after the period of ST, the UE is able to do data transfer with the target cell in the Target- gNB (T-gNB) using Configured, Semi-Persistent, or Dynamic Scheduling though suitable configuration specified by the T-gNB in the RRC Reconfiguration message. Any PUSCH transmission prior to receiving he RAR can have a guard time/band per gNB configuration. However, any PUSCH transmission after the reception of the RAR does not need any guard time/band. A UE that has implemented timing and frequency pre-compensation can make use of this feature. 

While Figure 2 illustrates Configured Scheduling, Dynamic Scheduling can also be used. In such case, the UE is asked to monitor DCIs containing the UE’s C-RNTI assigned for the target cell for dynamic scheduling.

Observation 4. An NTN UE with timing and frequency compensation capability can support uplink data transfer with the target cell while the random access procedure during handover is ongoing. The UE also has reliable downlink synchronization to support the DL data transfer in the target cell.   
Proposal 4. Support intra-handover user traffic transfer while the RA procedure for handover is ongoing to reduce the user traffic interruption in an NTN.

2.4 Power-saving Neighbor Cell Search
We have identified in [13] that the neighbor cell search can be optimized in an NTN to avoid unnecessary measurements and unnecessary SMTC gaps to increase the UE battery life and to reduce any throughput loss during the SMTC gaps [10]. The concept of the Inner Area along with a suitable time window (where appropriate) can be exploited to enable the UE to avoid making measurements of neighbor cells.

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 5. 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 5. 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).

A UE that experiences strong RSRP is not required to look for neighbor cells. For example, if the UE meets s-IntraSearchP criterion, it is not required to look for neighbors. 
From TS38.304:
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However, in case of quasi-Earth-fixed beams and feeder link switchover, the currently serving cell and the incoming neighbor cell overlap for a certain period, and, all UEs regardless of their measured serving cell RSRP need to search for the incoming neighbor cell(s). Hence, it is important to disable s-IntraSearchP criterion. One way is to introduce “Disable-s-IntraSearchP” in SIB1 to enable the UE to search for neighbors during the cell overlap time in situations such as case of quasi-Earth-fixed beams and feeder link switchover. Note that if the s-IntraSearchP criterion is not disabled in these situations, either UEs may not look for upcoming cells or UEs would waste power looking for upcoming neighbors during cell non-overlapping period. The disabling of the s-IntraSearchP criterion would enable the UE to save the battery power when appropriate and guide the UE to look for neighbors when necessary.
Observation 6. In one extreme, UEs with strong RSRPs may not look for an incoming neighbor cell (that would overlap with the currently serving cell) depending upon the value of s-IntraSearchP.  In another extreme, UEs would look for neighbors more frequently although no cell reselection or handover would occur for a very long time (e.g., few seconds or minutes), draining the UE battery power.

Proposal 6. We suggest that RAN2 consider disabling of s-IntraSearchP in case of quasi-Earth-fixed beams and feeder link switchover.
2.5 Compact and Effective Neighbor List and Accelerated Handover
We have earlier identified that the neighbor list can be made more compact in an NTN by considering the predictable satellite movement in case of Earth-moving cells [8]. A compact neighbor list enables the UE to detect a good neighbor cell quickly and avoids unnecessary neighbor search. Reliable neighbor cell detection is especially important in an NTN, because an incorrect handover significantly delays handover due to long propagation delays, increasing the probability of a dropped RRC connection. Furthermore, based on the satellite or cell movement, handover to an outgoing cell can be discouraged, while handover to an incoming cell can be encouraged for Earth-moving beams and quasi-Earth-fixed beams by using suitable movement-based hysteresis in the measurement event criterion. Such satellite movement based measurement reporting accelerates the overall process of handover.
Observation 7. The satellite movements are predictable and can be exploited to create a compact Neighbor List and to reliably choose a good handover candidate cell for handover.   

Proposal 7. 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 measurement event criterion to enhance the reliability of handover (and cell reselection) in an NTN.  

2.6 Handover Signaling
Hundreds or thousands of UEs may need to be handed over from one cell to another every second based on the cell size, number of UEs per cell, and the NTN type.

Transmissions of unicast and dedicated UE-specific handover signaling messages would consume a significant amount of radio resources in a short time period. This may delay handover signaling messages depending upon the available channel bandwidth, PDCCH capacity, and RRC message sizes. Furthermore, since such dedicated signaling messages are needed for many users within a short time period, the combined signaling load for the handover users will be very high, and, fewer radio resources would be left for user traffic. The achievable user throughput and cell throughput will be adversely affected.
It is possible to classify typical RRC signaling Information elements (IEs) into different classes. Then, the most efficient signaling mode can be chosen for a given class of IEs. Examples of signaling modes include broadcast, multicast/groupcast, and unicast. Such classification of signaling mechanisms will significantly reduce the amount of overhead and enhance user throughput.

Observation 8. Massive handover signaling is expected in an NTN in case of Earth-moving beams and quasi-Earth-fixed beams. The amount of overhead can significantly reduce the achievable cell throughput and user throughput.  

Proposal 8. We suggest that RAN2 consider various signaling modes such as broadcast, multicast/groupcast, and unicast to efficiently and quickly exchange handover signaling with UEs.

2.7 Conditional Handover Enhancements
Although Conditional Handover (CHO) reduces the overall handover delay compared to a traditional/regular handover, CHO increases the radio resource consumption, because resources are reserved in multiple cells but are actually used only in one cell. In particular, for an NTN, massive handover is expected. This will lead to significant radio resource consumption for overhead and reduce resource availability for regular users in the cell. Hence, we should try to reduce # of candidate cells and overall time during which resources are reserved in candidate cells. These actions will reduce the resource consumption in CHO.
Furthermore, the processing load and the bandwidth requirements per gNB would increase significantly in an NTN due to a large number of users experiencing handover at the same time, especially when early packet forwarding is applied. Hence, we should try to reduce bandwidth usage in the backhaul in CHO. To achieve this goal, we should reduce # of gNBs and do more intelligent packet forwarding. 
Additionally, since the S-gNB does not know for some time (which can be quite long- tens or hundreds of milliseconds in an NTN) that the UE has “left” the serving cell, it may allocate precious radio resources and schedule DL traffic to the UE; this waste of radio resources should be minimized, especially considering the massive handover. Hence, we should provide visibility to the S-gNB that the UE is leaving the source cell.
Observation 9. While CHO can reduce the overall handover signaling delay, it leads to significant resource consumption on an NTN due to massive handover and long propagation delays.  

Proposal 9. The UE informs Source-gNB/cell about the selected Target gNB/cell before leaving the source cell so that radio resources in the source cell are not wasted. Furthermore, the Source-gNB can initiate an early HO CANCEL to non-selected gNBs to make more radio resources available in those gNBs. Additionally, the Source-gNB can do selective early status transfer & selective early packet forwarding to only one Target-gNB.
3 Conclusion

We have summarized our proposals below.
Proposal 1. We suggest that RAN2 consider the use of an elliptical beam instead of a circular beam to reflect the practical beam coverage and to facilitate the selection of the correct cell by the UE during cell reselection and handover.

Proposal 2a. We suggest that RAN2 consider a flexible trigger framework that enables flexible combining of individual triggers to increase the reliability of handover in an NTN and to mitigate risks associated with new quantities and/or new type of deployment.  One NTN-specific measurement event can suffice even when multiple trigger conditions are defined for flexibility.

Proposal 2b. We suggest that RAN2 consider a combination trigger that combines the individual triggers of “Inner Area of the Serving Cell” and “Neighbor Cell Signal Measurement” to create a combination trigger for enhanced reliability of handover. 

Proposal 2c. We suggest that RAN2 consider a combination trigger that combines the individual triggers of “Remaining Serving Time of the Serving Cell” and “Neighbor Cell Signal Measurement” for enhanced reliability of handover.

Proposal 3. RAN2 can consider supporting historical measurements to facilitate a predictive handover decision-making at the gNB to accelerate the overall handover.

Proposal 4. Support intra-handover user traffic transfer while the RA procedure for handover is ongoing to reduce the user traffic interruption in an NTN.

Proposal 5. 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).

Proposal 6. We suggest that RAN2 consider disabling of s-IntraSearchP in case of quasi-Earth-fixed beams and feeder link switchover.

Proposal 7. 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 measurement event criterion to enhance the reliability of handover (and cell reselection) in an NTN.  

Proposal 8. We suggest that RAN2 consider various signaling modes such as broadcast, multicast/groupcast, and unicast to efficiently and quickly exchange handover signaling with UEs.

Proposal 9. The UE informs Source-gNB/cell about the selected Target gNB/cell before leaving the source cell so that radio resources in the source cell are not wasted. Furthermore, the Source-gNB can initiate an early HO CANCEL to non-selected gNBs to make more radio resources available in those gNBs. Additionally, the Source-gNB can do selective early status transfer & selective early packet forwarding to only one Target-gNB.
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