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The connected mode mobility challenges have been studied in the NTN SI phase and reported in the technical report TR 38.821 [1]. Among the challenges listed in section 7.3.2.1 in TR 38.821, two major challenges that have drawn many attentions from companies are “7.3.2.1.6 Handover for a large number of UEs” and “7.3.2.1.4 Frequent and unavoidable handover”, as these two challenges could result in significant control-plane overheads and frequent service interruptions if they are not being addressed properly. In this paper, we discuss the potential solutions that might address the mentioned challenges, and summarize several proposals for RAN2 to further consider, with the special focus on the non-GEO deployment with the moving beam footprints on the Earth.
[bookmark: _Ref178064866]Discussion
Broadcast the common handover parameters
During the handover procedure in terrestrial network, UE is signaled with a dedicated RRC message (i.e., RRCReconfiguration) containing all its configuration for accessing the target cell. The configuration contained in the dedicated RRC message can be roughly divided into two parts: 1) the common handover parameters that are common for all the UEs attempting to access the target cell, and 2) the individual handover parameters that are dedicated/valid to each individual UE only. 
[bookmark: _Hlk47348718]In our view, the common handover parameters can contain the following information.
· Target cell security algorithm identifiers
· Configuration for common RACH resources
· Association between RACH resources and SSB(s)
· Frequency configurations (e.g. carrier frequency, BWP)
· SSB-beam related information (e.g. location and SSB index of each beam)
· System information of the target cell
In the terrestrial network, the common handover parameters are signaled to each UE individually as broadcasting them may be too costly. Broadcasting the common handover parameters means the serving cell has to broadcast one set of common handover parameters  for each of its neighboring cells that an UE might handover to, which will result in significant broadcasting overheads and therefore is not recommended.
Observation 1: Broadcasting the common handover parameters for accessing the target cell in terrestrial network could result in significant broadcasting overheads, as the serving cell may need to broadcast the common handover parameters for all its neighboring cells. 
On the other hand, for the case of LEO satellites with Earth moving beams, as most of the UEs will be handed over to the same target cell due to the fact that UE’s mobility can be neglected compared to satellite’s mobility, broadcasting the common handover parameters is more efficient compared to the terrestrial case as the serving cell probably only needs to broadcast the common handover parameters for just one neighboring cell. Given another fact that “handover for a large number of UEs” would occur frequently and therefore become a routine for the case of LEO satellites with Earth moving beams, we do believe that broadcasting common handover parameters is beneficial in saving handover signaling overheads in this case.
Observation 2: As most of the UEs will be handed over to the same target cell in the scenario of LEO satellites with Earth moving beams, it is more efficient for the serving cell to provide the common handover parameters for accessing that target cell to all UEs in a broadcast manner.
Proposal 1: In NTN the configuration that is common for UEs to access the target neighboring cell can be broadcasted by the serving cell.
One way to broadcast the common handover parameters is to make the serving cell carry those parameters in SIB1. However, as we can foresee that the information amount required to carry the common handover parameters is not small, it is possible that SIB1 may not be able to carry all the common handover parameters, given that the size of an SI message cannot exceed 2976 bits, as being specified in TS 38.214 [2]. 
Observation 3: The serving cell may not be able to broadcast all the common handover parameters in SIB1, due to the size limitation of a single SI message (2976 bits).
In order to make it possible for the serving cell to broadcast the common handover parameters in SIB1, the delta signaling/configuration mechanism should be applicable to the common handover parameters broadcasted by the serving cell. That is, for those parameters/IEs within the common handover parameters not presented in SIB1, the UE shall use the corresponding parameters/IEs used for accessing the current serving cell as the common handover parameters for accessing the target cell.
Proposal 2: The delta signaling/configuration mechanism is supported in the ‘broadcast common handover parameters’.
In order to realize the delta signaling/configuration mechanism under the size constraint for SIB1 message, it would be better to introduce a new indication in SIB1 indicating whether there will be other RRC messages except SIB1 that are also used to carry the common handover parameters. With such indication UE will be able to retrieve all of the common handover parameters even in the case that SIB1 has reached its maximal capacity. The other RRC messages used to carry the common handover parameters can be SIBx (other than SIB1), a separate broadcasted RRC message, or a dedicated RRC message. 
Proposal 3: The serving cell indicates through SIB1 that where/how the UE can obtain the full common handover parameters.

Location based coverage area
Another point to enhance the mobility is to provide UE with the information on each ground cell coverage area, together with the satellite ephemeris data. With such information, UE can determine which cell is the serving cell based on its location. 
The information on ground cell coverage area can be defined in multiple ways. One way is to define some regular shape by indicating the vertices, as shown in the following figure. 
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The information on how ground cell coverage area is defined can be broadcast by SIB, which could be useful for IDLE/INACTIVE/CONNETCTED UEs. Satellite ephemeris data can be stored in UE SIM or/and broadcast by SIB. Assuming UE knows its location, e.g. via GNSS, UE can then select the ground cell which covers the UE’s location as its serving cell at the corresponding timing.
For IDLE/INACTIVE UEs, the selection of serving cell need not be known to gNB, but for CONNECTED UEs, UE and gNB should have the same understanding, which is achieved by UE reporting its location information, e.g. periodically, or aperiodically. In addition, UE can report the selected cell ID directly.
Proposal 4: Cell coverage area information can be broadcast via SIB.

Time and location based handover
For LEO satellite reference deployments according to Table 4.2-2 and Table 7.1-1, the ground speed of moving cells is 27,216 km/h, which is much higher than possible UE speed on ground. Therefore, UE movement itself can be neglected when deciding the serving cell in the majority of cases. In other words, once the UE location is known, the target cell for handover is known in a predictable way in LOS deployment. In such cases, it is beneficial to provide UE with a plan of multiple future target cells with associated execution timings. With such information, UE power consumption due to frequent measurement for handover can be reduced. Furthermore, the control-plane signaling overhead due to frequent handover can be reduced as well. The following call flow illustrate one such example. The power consumption gain to avoid frequent measurement can be obtained also for IDLE/INACTIVE UEs, Note that when deciding on the plan of sequenced future serving cells for a UE, gNB can rely on the cell coverage area information (i.e. location-based coverage area), or other considerations such as load balancing.
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Proposal 5: Time and location-based handover is supported in NTN, where the network aware UE's location and RRC provides a list of future target cells with respective associated timings.
Conclusion
In this paper, we discuss the potential challenges as well as some possible remedies for improving the NTN handover performance, and have the following observations.
Observation 1: Broadcasting the common handover parameters in terrestrial network could result in significant broadcasting overheads, as the serving cell may need to broadcast the common handover parameters for all its neighboring cells.
Observation 2: As most of the UEs will be handed over to the same target cell in the scenario of LEO satellites with Earth moving beams, it is more efficient for the serving cell to provide the common handover parameters for accessing that target cell to all UEs in a broadcast manner.
Observation 3: The serving cell may not be able to broadcast all the common handover parameters in SIB1, due to the size limitation of a single SI message (2976 bits).
Based on the observations, RAN2 is respectfully asked to discuss and consider the following proposals.
Proposal 1: In NTN the configuration that is common for UEs to access the neighboring cell can be broadcasted by the serving cell.
Proposal 2: The delta signaling/configuration mechanism is supported in the ‘broadcast common handover parameters’.
Proposal 3: The serving cell indicates through SIB1 that where/how the UE can obtain the full common handover parameters.
Proposal 4: Cell coverage area information can be broadcast via SIB.
Proposal 5: Time and location-based handover is supported in NTN, where the network aware UE's location and RRC provides a list of future target cells with respective associated timings.
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