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1 Introduction
An email discussion [1] is carried out after In RAN2#104 to identify the major issues related to mobility in NTN [2]. Impacts of NTN’s large RTD on mobility are discussed. Subsequently, in RAN2#105 it is decided to capture the major observations [3] of the email discussion. The observations [3] are mentioned in the following table:

Observations

1. Companies were not ready to identify and agree on solution options for RRM or HO for NTN. 
2. For GEO NTN, the large propagation delay was identified to be the key issue and the effect on performing measurements and for measurement configuration should be considered. 
3. UE location info was mentioned in context of reporting the location or using the location for triggering.
4. Specific for LEO NTN, satellite movement related aspects such as measurement validity, UE velocity, movement direction, large and varying propagation delay and dynamic neighbour cell set were identified.

Proposal

1. RAN2 to study potential enhancements for RRM for NTN systems taking into account the identified items in Observations 2-4
2. Identify if there is any aspect RAN2 could discuss on measurement accuracy
3. 	RAN2 to avoid discussing Rel-16 Mobility enhancements in NTN SI before Rel-16 Mobility discussions have progressed.
4. 	RAN2 to continue identifying the NTN specific mobility aspects like large propagation delay and cell movement and potential enhancement related to these.  

 
In this contribution we provide our views for improving handover solutions in LEO satellite based NTN.

2 Discussion
In terrestrial networks, cells are fixed, but UEs might be mobile according to different trajectories.  Thus, for mobility management, network needs UEs’ measurement report to select the best target cell for the UE. On the other hand, the situation is quite different in NTN, especially for LEO satellites. Most of the LEO satellites travel at some speed relative to the earth. Thus, for LEO satellites, the cells are moving over time, albeit in a predictable manner.
Observation 1: In NTN system, LEO satellites are moving over time, relative to the earth, albeit in a predictable way.

2.1 Group Handover Command Message in LEO Mobility
Thus, the LEO satellite can estimate the target cell based on its own movement speed, direction and height from the ground. Interestingly, once the satellite moves to a new cell, most of the UEs will be handed over to the same target cell. Receiving and processing Measurement Reports (MR) sent by all the UEs might not be a good idea, as it will involve high signalling and processing overhead. Moreover, it might incur additional delay or even loss of uplink MRs, sent by all UEs in the coverage of LEO satellite’s serving cell. Thus, LEO satellite may be unable to transmit Handover Command message in time. 

Observation 2: Measurement Report based traditional method of handover triggering might incur high delay and processing overhead in LEO satellite based NTN.  

Hence, it will be more efficient, for the LEO satellite, to group-cast “Handover Command” message to all the UEs under the coverage of its serving cell. Group-based transmission of handover command message can significantly reduce the signalling load.

Proposal 1: In NTN system, LEO satellites will broadcast Handover Command message to all UEs under the coverage of its serving cell.
Once the LEO satellite broadcasts the HO Command message, all the UEs will receive the message at the same time.  Naturally, it is likely that all UEs can start sending the Random Access preamble at the same time, thus generating a “Random Access storm”, resulting in enormous RACH collisions. 

Observation 3: Group-based Handover Command message transmission can generate a Random Access storm, thus resulting in enormous RACH collisions.

2.2 Resolving RACH Collisions Resulting from Handover Command Broadcast   

In order to mitigate such enormous RACH collisions, the LEO satellite network can provide Contention Free Random Access (CFRA) for the UEs. However, due to limitation in number of preambles, the satellite might be unable to provide CFRA, when NTN is heavily loaded with too many UEs.

Proposal 2: In order to mitigate enormous RACH collisions, resulting from Handover Command message broadcast, LEO satellites can provide CFRA for all the UEs. 
Observation 3: However, the satellite might be unable to provide CFRA, when NTN is heavily loaded with too many UEs.

This problem can be resolved by network (LEO satellite) sending an interval (similar to contention window) in the Handover Command message, indicating the UEs to backoff before initiating the random access. Depending on the load in the NTN, network can select this interval. On receiving the Handover Command message, every UE will generate a random number between 0 and the random interval and backoff before initiating the random access.
 
Proposal 3: LEO satellite based NTN can avoid the RACH collisions, during handover, by including an interval (similar to contention window) in the Handover Command message, indicating the UEs to first backoff by generating a random number between zero and the interval, before initiating the random access.
3 Conclusions
In this contribution, we discuss our views on handover in LEO satellite based NTN. We propose that as LEO satellite’s mobility is predictable, it can broadcast Handover Command message to all the UEs. The resulting RACH collision can be resolved by providing a CFRA or by providing a contention window in the handover command message. UEs can use this window to generate a random number and backoff before initiating random access. UEs, which have already initiated the handover process can ignore this broadcast message.
Observation 1: In NTN system, LEO satellites are moving over time, relative to the earth, albeit in a predictable way.


Observation 2: Measurement Report based traditional method of handover triggering might incur high delay and processing overhead in LEO satellite based NTN.

Proposal 1: In NTN system, LEO satellites will broadcast Handover Command message to all UEs under the coverage of its serving cell.


Observation 2: Broadcast of Handover Command message can generate a Random Access storm, thus resulting in excessive RACH collisions.

Proposal 2: In order to mitigate excessive RACH collisions, resulting from Handover Command message broadcast, LEO satellites can provide CFRA for all the UEs. 

Observation 3: However, the satellite might be unable to provide CFRA, when NTN is heavily loaded with too many UEs. 

Proposal 3: RACH collisions during handover in LEO satellite based NTN can be resolved by network sending an interval (similar to contention window) in the Handover Command message, indicating the UEs to backoff by generating a random number between 0 and the interval, before initiating the random access.
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