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Introduction
This contribution 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. Characteristics unique to NTN are highlighted, NTN-specific triggers for conditional handover are identified which may be developed without interference to ongoing terrestrial efforts.
Mobility for Non-terrestrial Networks 
The SID approved in RANP#83 [1] describes two areas of focus for RAN2:
· Propagation delay: Identify timing requirements and solutions on layer 2 aspects including MAC, RLC, RRC and radio link management
· Handover: study and identify mobility requirements and measurements that may be needed for handovers between Non GEO satellites that move at high speeds but over predictable paths.
Email discussion [104#54] [2] covered these aspects in the context of mobility. While discussion on possible solutions was delayed to RAN2#106, several observations related to possible challenges to extending Rel-15 mobility procedures to non-terrestrial networks (NTN) were captured in 38.821:
· For GEO NTN:
· Mobility management procedures require adaptations to accommodate large propagation delay. In particular radio link management may require specification configuration
· For LEO NTN:
· Mobility management procedures should be enhanced to take into account satellite movement related to aspects such as measurement validity, UE velocity, movement direction, large and varying propagation delay and dynamic neighbor cell set
In the interim meeting, several contributions have elaborated on the above observations, addressing specific challenges to the existing mobility procedures summarized in a companion contribution [3]. As noted in [6], current Rel-15 mechanisms to efficiently address such challenges are limited, and may lead to higher signaling overhead, power consumption, and reduced reliability of the HO procedure. 
This contribution identifies characteristics unique to NTN, as well as NTN-specific triggers for conditional handover which may be developed without interference to ongoing terrestrial efforts.
Mobility aspects specific to Non-Terrestrial Networks
The ongoing NR mobility WI will address mobility related issues in the context of a terrestrial environment.  Though those solutions will be used as a baseline, there are unique characteristics of NTN systems not present (at all or to the same magnitude) in terrestrial scenarios:
1. The deterministic movement of satellites: Non-GEO satellites move at high speeds, however travel in deterministic orbits. In terrestrial systems gNBs are fixed, and any UE movement is considered random. Any solution derived in the context of terrestrial systems will not take into consideration the advantage of deterministic movement of satellites.

2. Large cell size and overlap between adjacent cells: The total footprint of satellite coverage consists of multiple spot beams with typical diameters much higher than those in a terrestrial setting, ranging from 200-1000 km in GEO deployments (scenarios A and B), and 100-500 km in LEO deployments (scenarios C1 to D2). Though estimated as hexagonal and mutually exclusive, in practical deployments there are significant areas of overlap at the beam edge which are much larger than terrestrial settings. Unlike terrestrial systems, the near-far effect may not be significant in NTN deployments [3].

3. Satellite/UE location information: Unlike in terrestrial networks, it is expected that satellites will periodically transmit ephemeris information, consisting of e.g. satellite location, direction, and velocity. As the size of the serving cell in terrestrial networks is almost negligible relative to non-terrestrial systems, any mobility solution taking into consideration location information, either of the UE or gNB, is unlikely to be addressed in a terrestrial context. 
Observation 1:	Solutions developed in a terrestrial context will not consider characteristics unique to NTN systems e.g. deterministic movement, very large cell size and satellite ephemeris.
Conditional Mobility in Non-terrestrial Networks
In RAN2#105bis, conditional handover (CHO) was introduced in NR, and is defined as the UE having network configuration for initiating access to the target cell based on configured conditions (i.e. HO triggering condition(s)). The usage of conditional handover is decided by the network, and the UE evaluates when this condition is valid [5]. As agreed in RAN2#105bis, current operation relies on cell level quality and Ax events for CHO triggering [4].
Observation 2:	Currently, only measurement-based triggering is used for terrestrial conditional handover.
In a companion contribution [3], several NTN mobility challenges were identified based on a contribution survey from prior meetings. Introducing baseline conditional handover in NTN – i.e. preconfiguring the UE with the necessary target cell configuration in anticipation of a mobility event (possibly due to satellite movement) and triggering based on measurement events – can address many of these challenges:
· Signalling latency: Since the UE is preconfigured with target cell configuration in CHO, the UE can initiate access towards the target cell as soon as the trigger condition is satisfied. This avoids latency incurred by transmission of measurement report and reception of handover command. 
· Outdated measurements: Considering the UE determines when the triggering condition is valid, incorrect mobility actions due to outdated measurements are reduced.
· Dynamic neighbour cell set: Given the deterministic movement of satellites and large cell overlap, the network will know the set of valid candidate cells for a given time and location. As the usage of conditional handover and target cell configuration is under network control, the network may only select cells it knows will remain valid for a given time period.
· Signalling Overhead: It may be not necessary for the UE to transmit a measurement report in order to receive target cell configuration. For example, the network can preconfigure the target cells based on knowledge about the ephemeris information including satellite location, direction, and velocity. Such overhead reduction is especially useful in non-GEO deployments, where satellite movement may cause frequent handover.
Proposal 1:	Include conditional handover in TR 38.821 as a candidate mobility enhancement for non-terrestrial networks.
Near-Far effect in NTN
Although there are many benefits to adopting baseline conditional handover in NTN, there are certain NTN-specific scenarios where relying on measurement-based triggering may be inadequate. As noted in [7] and [8], differences in RSRP at cell centre and cell edge are less pronounced in NTN as compared to terrestrial systems. UEs located in regions of overlap may thus have difficulty distinguishing the better cell. 
As the Rel-15 handover mechanism is based on the A3 measurement events, and baseline conditional handover is triggered by cell quality, there may be mobility challenges in both cases. Should the serving satellite experience short term fading, such a scenario could lead to the UE ping-ponging back and forth between cells, and an overall reduction in handover robustness.
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Figure 1: Ping-pong between two cells due to low signal quality difference in overlap region
Rel-15 mechanisms to address this challenge are limited. One possible solution would be to transmit measurement reports more frequently in areas of cell overlap to provide additional information to the NW prior to issuing a handover command. However, such a mechanism would result in high overhead and impact power consumption.
Conditional Handover-based Solution
In the previous meeting RAN2#105bis, the following agreement was made on NTN mobility [4]: 
“The use of satellite ephemeris, time and UE location can be used in the RAN for mobility purposes in NTN”
Utilizing satellite ephemeris, time and UE location information as potential triggering mechanisms for NTN conditional mobility would be well suited to address small RSRP/RSRQ differences. For example, if UE location and satellite ephemeris is known, solutions relying on distance/location-based triggering could be considered in addition to measurements. Considering satellites travel in deterministic orbits, one could consider solutions employing time-based triggering methods to compensate for satellite movement as well. 
Considering only measurement-based triggering methods are currently included in the NR mobility enhancements WI, by studying solutions based on triggering conditions such as time and satellite/UE location, it would be possible to develop solutions which would not duplicate terrestrial efforts.
Observation 3:	Non-measurement-based triggers e.g. satellite ephemeris, UE location, and time can be developed without interfering with the NR mobility enhancements WI.
Proposal 2:	Include non-measurement events based on e.g. satellite ephemeris, UE location, and time as possible triggering mechanisms for NTN conditional handover in TR 38.821.
RRM-Based Solution
Conditional handover with non-measurement-based triggering can adequately address the near-far issue in NTN, however there may be circumstances where conditional handover is not configured, or the target cell doesn’t have a stored configuration.
Given GEO satellites remain approximately stationary and the movement of non-GEO satellites is deterministic, the network will be aware of which satellite is serving a geographic region at a given time. By providing the UE location within the measurement report, the network could compare the UE location with satellite ephemeris of the serving and target cells. Should the UE report an A3 event even though it is much closer to the serving cell, the NW may possibly delay the HO decision and requesting a further measurement report to confirm e.g. when cell quality differences are small.
Consider the following scenario: A UE is in a region of overlap between two satellites. Though the difference in signal quality is small, the UE is located much closer to the current serving satellite (SAT1). As in Figure 1, SAT1 experiences short term fading triggering an A3 event and includes UE location information in the report. Comparing the satellite ephemeris data with the UE location, the network recognizes that the UE is in an overlap region yet is far closer to SAT1. The NW decides to delay HO and requests an additional measurement report to verify the previous event. Should the serving cell recover from the fading, the NW may choose to disregard the previous A3 event, and should it be confirmed, a handover command may be issued at the discretion of the NW.
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Figure 2: Delayed HO decision based on UE location provided in the A3 measurement report.
Observation 4:	  UE location information may help the NW verify A3 events in regions of beam overlap.
Though beneficial in certain circumstances, to reduce overhead the UE does not necessarily need to include information location information in every measurement report. Location information may be included for example, at the request of the network, or should the UE trigger and A3 event and notice that the difference in cell quality is small, it may include the location information proactively.
Proposal 3:	The UE can include location information in the measurement report.
Comparing both solutions, enhancing conditional handover with non-measurement-based triggers to address the near far problem has added benefits over RRM-based solution.  For example, as listed in section 2.2 conditional handover is already beneficial to signalling latency, outdated measurements, dynamic neighbour cell set and overhead. Furthermore, delaying the HO and requesting an additional measurement report will lead to both increased latency and signalling overhead. However, RRM-based solution is required for the case where CHO is not configured for a target cell.   Therefore, given the diversity of scenarios in NTN, it may be beneficial for RAN2 to further study both options.  
Proposal 4:	Include the following text proposal in TR 38.821.
Conclusion
In this contribution the following observations and proposals were made on mobility for NTN:
Observation 1:	Solutions developed in a terrestrial context will not consider characteristics unique to NTN systems e.g. deterministic movement, very large cell size, and satellite ephemeris.
Observation 2:	Currently, only measurement-based triggering is used for terrestrial conditional handover.
Observation 3:	Non-measurement-based triggers e.g. satellite ephemeris, UE location, and time can be developed without interfering with the NR mobility enhancements WI.
Observation 4:	  UE location information may help the NW verify A3 events in regions of beam overlap.
Proposal 1:	Include conditional handover in TR 38.821 as a candidate mobility enhancement for non-terrestrial networks.
[bookmark: _GoBack]Proposal 2:	Include non-measurement events based on e.g. satellite ephemeris, UE location, and time as possible triggering mechanisms for NTN conditional handover in TR 38.821.
Proposal 3:	The UE can include location information in the measurement report.
Proposal 4:	Include the following text proposal in TR 38.821.
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Text Proposal
<Unchanged text omitted>
7.3.2     Connected Mode mobility enhancements
7.3.2.X    Conditional Handover in NTN
Conditional handover (CHO) can efficiently adapt the mobility procedure to address NTN-specific characteristics and mobility challenges as described in section 7.3.2.  With CHO, the network configures the UE with the necessary mobility configuration to access a suitable target cell triggered by a configured condition. When the condition is true, the UE initiates an access using resources of the target cell. For NTN deployments, possible triggers for CHO that are not based on measurement events include satellite ephemeris, UE location, and time.
Editor’s note: FFS detailed solutions/triggering conditions related to various deployment-specific mobility challenges.
7.3.2.X    Inclusion of UE Location in the Measurement Report
In regions of beam overlap where differences in RSRP/RSRQ between cells is small, UE location information may be included in the measurement report to help the NW distinguish the validity of an A3 measurement event. At the discretion of the NW, HO may be delayed based on such UE location information, and an additional measurement report may be requested to verify the previous event.
<End of Text Proposal>
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