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Introduction
This following provides a contribution survey of RAN2#106 NTN mobility, compiling of candidate solutions identified for adapting Rel-15 mobility to non-terrestrial networks.
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 and proposing enhancements to the existing mobility procedures. As noted in [3], 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 following provides a contribution survey of RAN2#106 NTN mobility, compiling of candidate solutions identified for adapting Rel-15 mobility to non-terrestrial networks. Areas identified for enhancement include measurement/location reporting, signalling overhead, conditional handover, signalling latency, and invalid configuration.



Mobility Enhancements for Non-Terrestrial Networks
Measurement/Location Reporting Enhancements [4 – 8]
Possible enhancements identified for measurement and location reporting are:
1. Inclusion of location information in the measurement report [4, 5]: as observed in several contributions [4-6], the RSRP of serving and neighbouring cells are relatively small in overlap regions. Given this region may be very large in GEO, measurement-based mobility be not be as reliable compared to terrestrial networks. As observed in [4] and [5] inclusion of location information in the measurement report may help the network reduce the HO ping-pong rate.

2. Conditional triggering of measurement reporting [4, 7, 8]: To avoid frequent measurement reporting and unnecessary signalling overhead, the triggering of measurement reporting can be based on UE location. This may be based on UE location vs a reference location, a combination of location and RSRP/RSRQ [4], or after the UE has travelled a given distance [7].

3. Location-based weighting of measurement results [6]: To reduce specification impact and signalling overhead due to location information transmission, the RSRP/RSRQ variation between cell centre and edge can made to be the same as in the terrestrial case. This could be accomplished by weighting the RSRP/RSRQ of the UE’s location based on the UE’s distance from cell center.

4. Course location reporting [4]: Periodic reporting of location information can cause heavy signalling load to the network, and may be challenging due to UE power constraints. As fine location resolution may not always be needed, to limit location reporting overhead, a set of reference locations may be defined enabling course location reporting
Signalling Overhead Reduction [9 – 11]
Possible enhancements identified to reduce signalling overhead are:
1. Groupcast configuration [9]: Given the large number of UEs served in an NTN cell and frequent HO in LEO deployments, to reduce signalling overhead it may be more efficient to group-cast handover command messages, where UEs may be grouped based on their location and satellite speed/direction. To avoid RACH collisions based on this group HO, CFRA can be provided for all UEs.

2. RACH back-off indication [9, 10]: To avoid collisions due to many UEs performing handover simultaneously, the gNB can include a back-off indication. Proposed solutions include providing this indication in the HO command message, with back-off achieved via random number generation within an interval [9], or via explicit setting of different back-off indications in the RACH sync reconfiguration message [10].

3. Reconfiguration without subsequent UL access [9]: To reduce signalling overhead associated with transmission of HO complete messages for many UEs, UEs with low mobility and no UL data can apply the indicated reconfiguration without performing subsequent UL access (e.g. RACH/HO complete).

4. Bulk handover signalling [7]: Given the movement of LEO satellites is deterministic, a batch of HO signalling can be provided to the UE in one shot. The UE would be aware of when and to which cell the UE should handover to, which is provided during connection establishment.
Conditional Handover [5, 8, 12-17]
Possible NTN-specific enhancements identified for CHO enhancements are:
1. Measurement-based triggering [5, 8, 13, 14]: It has been observed in [5] that baseline conditional handover (i.e. measurement based) can be beneficial to address challenges in NTN mobility. Based on agreements from RAN2#105, Ax events are to be used for CHO with A3, A5 as a baseline, with configuration of triggering thresholds considering the small cell quality difference between cell center and edge in NTN.

2. Location (UE and Satellite) triggering [5, 13, 15, 16]: Referring to the agreement that satellite ephemeris and UE location can be beneficial for mobility in NTN, additional triggering conditions based on UE and satellite location can be considered e.g. in regions of cell overlap where measurement-based triggering may be challenging.

3. Time(r)-based triggering [5, 12-14, 17]: Similarly, it was agreed that time may be beneficial to mobility in NTN. Given the deterministic movement of LEO satellites, several triggering conditions considering the time a region is served can be considered. This may be based on UTC time, or a timer-based solution considering e.g. the validity of the satellite.

4. Conditional L2 packet duplication: [17]: To facilitate service continuity, the network can (de)activate conditionally L2 packet duplication based on an NTN HO timer, determined by UE location and satellite ephemeris. The UE may then trigger HO autonomously based on beam measurements once packet duplication is activated.
Signalling Latency Reduction [9, 18, 19]
Possible enhancements identified to reduce signaling latency/address group HO are:
1. RACH-less HO [18]: Based on satellite ephemeris and UE location, the UE can estimate the required TA value of the target gNB. This would enable the UE to perform RACH-less handover, reducing the HO interruption latency by at least one RTT. This may be up to 541.75 ms for GEO, or 28.41 ms for LEO.

2. 2-step RACH [9]: To reduce the cumulative delay associated with transmission of 4-step RACH messages, 2 step RACH can be considered. The agreements of the 2-step RACH WI will be used as baseline, and further enhancements for NTN may be considered.

3. Advanced preparation based on footprint information [19]: Given the coverage of a satellite beam is stable and predictable, the UE can be provided with beam footprint information (I.e. the size of the beam footprint, focus and movement). Once the UE reaches the cell edge, the serving gNB can start to perform HO preparation with the neighbouring target gNB, and forward the UE context in advance to pre-configure the radio resources.
Invalid Configuration Indication [20]
Possible enhancements identified to address invalid configuration due to signaling delay are:
1. Conditional Handover [20]: due to large propagation delay, an invalid mobility configuration may be provided e.g. upon measurement reporting, the source cell improves, the target cell becomes bad, or another cell becomes better. In conditional handover, the UE determines locally if the triggering condition is satisfied, possibly avoiding mobility due to invalid/outdated measurements.

2. Re-establishment with problem indication [20]: As mobility to an invalid cell would result in HO failure with high probability, upon re-establishment the UE may indicate the propagation delay issue via e.g. MSG3.
 
3. Reconfiguration complete with problem indication [20]: Given UE behavior must comply with network configuration, after completion of mobility to the target cell, the UE may indicate the problem via the Reconfiguration Complete message. Alternatively, without mobility the UE may transmit Reconfiguration Complete to the source cell with the problem indication.
Proposal 1:	Consider the following TP as a baseline for further discussion on NTN mobility enhancements.
Conclusion
In this contribution proposes the following for mobility for NTN:
Proposal 1:	Consider the following TP as a baseline for further discussion on NTN mobility enhancements.
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7.3.2     Connected Mode mobility enhancements
7.3.2.X    Measurement/Location Reporting Enhancements
Possible enhancements identified for measurement and location reporting are:
1. Inclusion of location information in the measurement report: the RSRP of serving and neighbouring cells are relatively small in overlap regions. Given this region may be very large in GEO, measurement-based mobility be not be as reliable compared to terrestrial networks. As observed, inclusion of location information in the measurement report may help the network reduce the HO ping-pong rate.

2. Conditional triggering of measurement reporting: To avoid frequent measurement reporting and unnecessary signalling overhead, the triggering of measurement reporting can be based on UE location. This may be based on UE location vs a reference location, a combination of location and RSRP/RSRQ, or after the UE has travelled a given distance.

3. Location-based weighting of measurement results [6]: To reduce specification impact and signalling overhead due to location information transmission, the RSRP/RSRQ variation between cell centre and edge can made to be the same as in the terrestrial case. This could be accomplished by weighting the RSRP/RSRQ of the UE’s location based on the UE’s distance from cell center.

4. Course location reporting]: Periodic reporting of location information can cause heavy signalling load to the network, and may be challenging due to UE power constraints. As fine location resolution may not always be needed, to limit location reporting overhead, a set of reference locations may be defined enabling course location reporting

7.3.2.X    Signalling Overhead Reduction
Possible enhancements identified to reduce signalling overhead are:
1. Groupcast configuration: Given the large number of UEs served in an NTN cell and frequent HO in LEO deployments, to reduce signalling overhead it may be more efficient to group-cast handover command messages, where UEs may be grouped based on their location and satellite speed/direction. To avoid RACH collisions based on this group HO, CFRA can be provided for all UEs.

2. RACH back-off indication: To avoid collisions due to many UEs performing handover simultaneously, the gNB can include a back-off indication. Proposed solutions include providing this indication in the HO command message, with back-off achieved via random number generation within an interval, or via explicit setting of different back-off indications in the RACH sync reconfiguration message.

3. Reconfiguration without subsequent UL access: To reduce signalling overhead associated with transmission of HO complete messages for many UEs, UEs with low mobility and no UL data can apply the indicated reconfiguration without performing subsequent UL access (e.g. RACH/HO complete).

4. Bulk handover signalling: Given the movement of LEO satellites is deterministic, a batch of HO signalling can be provided to the UE in one shot. The UE would be aware of when and to which cell the UE should handover to, which is provided during connection establishment.

7.3.2.X    Conditional Handover
Possible NTN-specific enhancements identified for CHO enhancements are:
1. Measurement-based triggering: It has been observed that baseline conditional handover (i.e. measurement based) can be beneficial to address challenges in NTN mobility. Based on agreements from RAN2#105, Ax events are to be used for CHO with A3, A5 as a baseline, with configuration of triggering thresholds considering the small cell quality difference between cell center and edge in NTN.

2. Location (UE and Satellite) triggering: Referring to the agreement that satellite ephemeris and UE location can be beneficial for mobility in NTN, additional triggering conditions based on UE and satellite location can be considered e.g. in regions of cell overlap where measurement-based triggering may be challenging.

3. Time(r)-based triggering: Similarly, it was agreed that time may be beneficial to mobility in NTN. Given the deterministic movement of LEO satellites, several triggering conditions considering the time a region is served can be considered. This may be based on UTC time, or a timer-based solution considering e.g. the validity of the satellite.

4. Conditional L2 packet duplication: To facilitate service continuity, the network can (de)activate conditionally L2 packet duplication based on an NTN HO timer, determined by UE location and satellite ephemeris. The UE may then trigger HO autonomously based on beam measurements once packet duplication is activated.

7.3.2.X    Signalling Latency Reduction
Possible enhancements identified to reduce signaling latency/address group HO are:
1. RACH-less HO: Based on satellite ephemeris and UE location, the UE can estimate the required TA value of the target gNB. This would enable the UE to perform RACH-less handover, reducing the HO interruption latency by at least one RTT. This may be up to 541.75 ms for GEO, or 28.41 ms for LEO.

2. 2-step RACH: To reduce the cumulative delay associated with transmission of 4-step RACH messages, 2 step RACH can be considered. The agreements of the 2-step RACH WI will be used as baseline, and further enhancements for NTN may be considered.

3. Advanced preparation based on footprint information: Given the coverage of a satellite beam is stable and predictable, the UE can be provided with beam footprint information (I.e. the size of the beam footprint, focus and movement). Once the UE reaches the cell edge, the serving gNB can start to perform HO preparation with the neighbouring target gNB, and forward the UE context in advance to pre-configure the radio resources.

7.3.2.X    Invalid Configuration Indication
Possible enhancements identified to address invalid configuration due to signaling delay are:
1. Conditional Handover: due to large propagation delay, an invalid mobility configuration may be provided e.g. upon measurement reporting, the source cell improves, the target cell becomes bad, or another cell becomes better. In conditional handover, the UE determines locally if the triggering condition is satisfied, possibly avoiding mobility due to invalid/outdated measurements.

2. Re-establishment with problem indication: As mobility to an invalid cell would result in HO failure with high probability, upon re-establishment the UE may indicate the propagation delay issue via e.g. MSG3.
 
3. Reconfiguration complete with problem indication: Given UE behavior must comply with network configuration, after completion of mobility to the target cell, the UE may indicate the problem via the Reconfiguration Complete message. Alternatively, without mobility the UE may transmit Reconfiguration Complete to the source cell with the problem indication.
<End of Text Proposal>
