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1 Introduction

This contribution discusses Rel-15 mobility procedures as a baseline for mobility in Non-Terrestrial Networks (NTN), with emphasis on challenges specific to NTN deployments. Possible areas for improvements of the current mechanisms are discussed, suggesting that mobility enhancements may be useful. It discusses means to support conditional handover (CHO) as one possible solution to improve system performance when adapting the current mobility procedures to non-terrestrial networks.
2 Mobility for Non-terrestrial Networks 
2.1 Issues with Rel-15 NR baseline handover
Baseline mobility procedures in Rel-15 NR leverage UE measurement reports, transmitted periodically, or triggered based on measurement events such as the RSRP/RSRQ of a neighbouring cell becoming better than the serving cell. At the discretion of the network, the UE may be handed over to a target cell via reception of a HO command, which contains the target cell configuration.
Extending this procedure to the unique operating environment of non-terrestrial networks presents additional challenges over conventional terrestrial networks, summarized below:
2.1.1 Propagation Delay
Propagation delay in NTN systems is orders of magnitude higher than terrestrial systems (e.g. 544 ms RTT ms for GEO scenarios, 28.4 ms RTT for LEO scenarios). This introduces additional latency to mobility signalling such as measurement reporting, reception of the HO command, and HO request/ACK (if the target cell originates from a different satellite). The cumulative delay incurred by transmission of the above-listed signals can greatly increase the HO latency and introduce potential service interruptions. Furthermore, if there is sufficient delay between transmission of the measurement report and reception of the HO command, the measurements may no longer be valid, possibly leading to an incorrect mobility action.
2.1.2 Movement of Network Nodes and Frequency of HO
Satellites in non-GEO orbits move relative to a fixed position on earth, with Low-earth orbit (LEO) deployments reaching speeds between 7-8 km/s depending on orbital altitude. When coupled with serving cell diameters on the order of 100 to 500 km and assuming a 2 hour orbit, a stationary UE will be served by the same satellite for only about 20 minutes, and by a single spot beam on the order of tens of seconds [1], leading to frequent and unavoidable handover. As UE speeds up to 1000 km/hr are considered in NTN, depending on the direction of UE movement, the frequency of handover for moving UEs could be slightly reduced (UE movement in same direction as satellite) or be even greater (UE movement in same direction as satellite). 
2.1.3 Group Mobility
The movement of satellites with respect to earth introduces additional complexities in serving a fixed geographic location. In the scenario of earth-fixed spot-beams, as the satellite moves overhead the spot-beams are beam steered such that they remain fixed to a specific geographic location. However, once past a certain point, the satellite is no-longer the best candidate to serve that geographic location, and thus the area will be served by an incoming satellite. Such a situation may require all UE’s served within that cell to be moved to the incoming satellite, illustrate in Figure 1. 
In the ongoing email discussion 104#53 on performance requirements, proposed connection densities range from 5 to 10 users per km2. In the LEO scenario with a minimum cell diameter of 100 km, approximately 39 000 UE could be required to be moved to the incoming cell. 
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Figure 1: Group mobility resulting from discrete change of earth-fixed spot-beam.
A similar scenario may arise should the satellite fall out of range of the serving gateway. In this event, all UEs currently served by the satellite will change the point of access to the core network.
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Figure 2: Group mobility resulting from change of serving gateway.
Observation 1:
Adapting NR to non-terrestrial networks introduces additional challenges to the mobility procedure i.e. propagation delay, HO frequency due to movement of network nodes, and group mobility
Current Rel-15 mechanisms to efficiently address the above-listed issues are limited. One possibility is for the UE to increase the frequency of measurement reporting, providing the gNB with relevant mobility information earlier. However, this leads to higher signalling overhead, and should be avoided in the high path-loss environment of NTN where power consumption issues could arise. 

Another possible solution would be to lower the RSRP/RSRQ threshold for measurements, although this could lead to early handovers, pingponging, and overall reduced reliability of the HO procedure. As there is assumed significant overlap between adjacent satellite spot-beams, existing RSRP/RSRQ thresholds should be sufficient.
Observation 2:
Current Rel-15 mechanisms may be inadequate to efficiently overcome additional challenges to mobility in NTN.
2.2 Conditional handover in NTN

The challenges listed in section 2.1 are well understood, as is the benefit in enhancing the existing mobility procedure for efficient adaptation to non-terrestrial networks. One such enhancement recognized by a large number of companies in email discussion 104#54 is conditional handover. Conditional handover (CHO) is defined as the UE having network configuration for initiating access to the target cell based on configured conditions. The usage of conditional handover is decided by the network, and the UE evaluates when this condition is valid [2]. 

CHO was recently adopted in LTE as an enhancement to the existing mobility procedure to improve robustness. In RAN #80, a new WI [3] on NR mobility enhancements was approved with work to begin in RAN2 #105, and similar to LTE it seems likely that conditional handover will be a topic of discussion. There are several characteristics of NTN systems which make conditional handover well-suited to address potential inefficiencies arising from applying the currently defined mobility procedure:
1) Large overlap of coverage between adjacent cells: The UE will have a good knowledge of RSRP/RSRQ values of surrounding cells/spot beams. The network can preconfigure the UE with the necessary target cell configuration for surrounding cells, enabling the UE to initiate mobility without experiencing the cumulative propagation delay of mobility signalling.

2) The deterministic movement of satellites: Though non-GEO satellties move quickly, they travel in deterministic orbits. Therefore the time a location will no longer be served by a satellite, or when there will be a change in gateway is known a-priori. As the network will know the information of the incoming satellite, it can pre-configure the UE with a time-triggered HO. Such time triggering could be staggered to avoid mass group mobility.
3) Satellite/UE location: If the UE location and ephemeris data of surrounding satellites is known, several location and/or distance based triggers could be envisioned, both for handover and measurement reporting. 
Observation 3:
Conditional handover provides an efficient solution to the challenges outlined in 2.1 by providing a means for the UE (under prior guidance of the network) to react to deterministic events 
Though solutions from the NR mobility WI are to be used as baseline, they will be derived in the context of a terrestrial environment. As outlined in in 2.1 and 2.2, there are unique challenges to and characteristics of NTN systems not present (at all or to the same magnitude) in terrestrial scenarios. For example, in terrestrial systems the gNBs are fixed, and any UE movement is considered random. Therefore any solution derived in the context of terrestrial systems will not take into consideration the advantage of deterministic movement of satellites outline in 2). In another example, the size of the serving cell is terrestrial networks is almost negligible relative to non-terrestrial systems, thus any mobility solution taking into consideration location information, either of the UE or gNB, is highly unlikely to be addressed in a terrestrial context. 
As there is general consensus conditional handover is a beneficial enhancement to mobility in NTN, it seems reasonable to study those aspects and solutions of conditional handover specific to NTN (i.e. those listed in 2.1), which are unlikely to be addressed by other SI/WIs such as those involving deterministic movement or location information.
Observation 4:
There is a general consensus that conditional handover would be beneficial to address challenges specific to NTN, which do not overlap with other SI/WIs.
Proposal 1:
RAN2 study aspects of conditional handover which are specific to NTN and do not interfere with other WI/SIs, solutions involving deterministic movement or location information.
3 Conclusion

In this contribution the following observations and proposals were made on mobility for NTN:

Observation 1:
Adapting NR to non-terrestrial networks introduces additional challenges to the mobility procedure i.e. propagation delay, HO frequency due to movement of network nodes, and group mobility
Observation 2:
Current Rel-15 mechanisms may be inadequate to efficiently overcome additional challenges to mobility in NTN.

Observation 3:
Conditional handover provides an efficient solution to the challenges outlined in 2.1 by providing a means for the UE (under prior guidance of the network) to react to deterministic events 
Observation 4:
There is a general consensus that conditional handover would be beneficial to address challenges specific to NTN, which do not overlap with other SI/WIs.

Proposal 1:
RAN2 study aspects of conditional handover which are specific to NTN and do not interfere with other WI/SIs, solutions involving deterministic movement or location information.
4 Text Proposal

<Unchanged text ommitted>

7.3.2     Connected Mode mobility enhancements

7.3.2.1    Issues with Rel-15 Baseline Handover

Extension of the current Rel-15 NR mobility procedure to the unique operating environment of non-terrestrial networks presents additional challenges over conventional terrestrial networks, listed in the following sections:

7.3.2.1.1    Propagation Delay

Propagation delay in NTN systems is orders of magnitude higher than terrestrial systems (e.g. 544 ms RTT ms for GEO scenarios, 28.4 ms RTT for LEO scenarios). This introduces additional latency to mobility signalling such as measurement reporting, reception of the HO command, and HO request/ACK (if the target cell originates from a different satellite). The cumulative delay incurred by transmission of the above-listed signals can greatly increase the HO latency and introduce potential service interruptions.

7.3.2.1.2    Movement of Network Nodes and Frequency of HO

Satellites in non-GEO orbits move relative to a fixed position on earth, with Low-earth orbit (LEO) deployments reaching speeds between 7-8 km/s depending on orbital altitude. When coupled with serving cell diameters on the order of 100 to 500 km and assuming a 2 hour orbit, a stationary UE will be served by the same satellite for only about 20 minutes, and by a single spot beam on the order of tens of seconds. This will lead to frequent and unavoidable handover, possibly compounded by UE movement up to 1000 km/hr.

7.3.2.1.3    Group Mobility
The movement of satellites with respect to earth introduces additional complexities in serving a fixed geographic location. In the scenario of earth-fixed spot-beams, as the satellite moves overhead the spot-beams are beam steered such that they remain fixed to a specific geographic location. However, once past a certain point, the satellite is no-longer the best candidate to serve that geographic location, and thus the area will be served by an incoming satellite. Such a situation may require all UE’s served within that cell to be moved to the incoming satellite, illustrate in Figure 1. 

Proposed connection densities range from 5 to 10 users per km2. In the LEO scenario with a minimum cell diameter of 100 km, approximately 39 000 UE could be required to be moved to the incoming cell. 
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Figure 1: Group mobility resulting from discrete change of earth-fixed spot-beam.

A similar scenario may arise should the satellite fall out of range of the serving gateway. In this event, all UEs currently served by the satellite will change the point of access to the core network.
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Figure 2: Group mobility resulting from change of serving gateway.

7.3.2.2 
Solutions 

7.3.2.2.1    Conditional Handover in NTN

One enhancement recognized to be beneficial in efficiently adapting the mobility procedure to NTN scenarios is conditional handover. Conditional handover (CHO) is defined as the UE having network configuration for initiating access to the target cell based on configured conditions. The usage of conditional handover is decided by the network, and the UE evaluates when this condition is valid.

There are several characteristics of NTN systems which make conditional handover well-suited to address potential inefficiencies resulting from applying conventional mobility procedures to the issues outlined above:

1) Large overlap of coverage between adjacent cells: The UE will have a good knowledge of RSRP/RSRQ values of surrounding cells/spot beams. The network can preconfigure the UE with the necessary target cell configuration for surrounding cells, enabling the UE to initiate mobility without experiencing the cumulative propagation delay of mobility signalling.

2) The deterministic movement of satellites: Though non-GEO satellties move quickly, they travel in deterministic orbits. Therefore the time a location will no longer be served by a satellite, or when there will be a change in gateway is known a-priori. As the network will know the information of the incoming satellite, it can pre-configure the UE with a time-triggered HO 

3) Satellite/UE location: If the UE location and ephemeris data of surrounding satellites is known, several location or distance based triggers could be envisioned or deployed. 

<End of Text Proposal>
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