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1 Introduction
Rel-16 enhancements for NR-NTN was approved at RAN Plenary #80 [1]. The corresponding study item has identified mobility aspects for idle UE and connected UEs [2], [3]. An email discussion [4] is carried out after In RAN2#104 to identify the major issues related to mobility in NTN [3]. Subsequently, in RAN2#105 it is decided to capture the major observations [5] of the email discussion. The observations [5] are mentioned in the following table:

Proposal

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

 
Furthermore, in RAN2-105b the following decisions, regarding NTN-mobility [6], are agreed upon:

Agreements:

1. NTN should support both, UEs supporting GNSS based positioning methods and UE not supporting GNSS based positioning methods.
2. The use of satellite ephemeris, time and UE location can be used in the RAN for mobility purposes in NTN.

In LEO-satellite with satellite beam-spot diameter of 70 km, satellite cell (beam) switching is needed in every 10 seconds, UE is within coverage of the beam for about 10 seconds (=D/V=70 km /7.56 km/s). Frequent cell switching rate may result in significant HO signalling. During RAN2-105b meeting, it is discussed that group-based handover can be an efficient approach to reduce the huge signalling overhead, arising from the mobility of LEO-satellites. In this contribution we provide potential solutions for improving connected mode mobility (handover) 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. As shown in Figure 1, 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.
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[bookmark: _Ref7597529]Figure 1: LEO-satellite movement with cells sweeping over earth's surface

Observation 1: In NTN, LEO satellites are moving over time, relative to the earth, albeit in a predictable way.

Interestingly, if the geographical location of a UE is known and the UE is moving relatively slowly, LEO satellite NTN can estimate the target cell for each UE, at any given time, based on satellite’s speed, direction and height from the ground, instead of relying on UE’s measurement reports. The network can estimate UEs’ locations by using GNSS (for UEs supporting GNSS), or by capturing location information from the core network (for UEs not supporting GNSS). 
Observation 2: In LEO NTN, satellites can estimate the target cell based for each UE based on satellite’s speed, direction and height from the ground, instead of relying on UE’s measurement reports.

The potential uncertainty that is introduced, during very short moments in time that gNB may not know whether the UE is connected to one cell/beam or the next cell/beam, can be handled either by either gNB avoiding communication during those moments, or the base station could use multiple cells/beams.

2.1 Group-based Handover in LEO Mobility
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 3: Measurement Report based traditional method of handover triggering might incur high delay and signalling overhead in LEO satellite based NTN.  
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[bookmark: _Ref7640481]Figure 2: Group-based HO Command and associated RACH Collision


Hence, as shown in Figure 2, it will be more efficient, for the LEO satellites, to group the UEs depending on their locations, satellite’s movement (speed and direction) and 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 associated with Measurement Reports and RRC Connection Reconfiguration (Handover Command) message transmission. Furthermore, as the cells are large, and the radio conditions for many UEs will be very similar, it make sense to also optimize the signalling process by making group-based signalling, where grouping for mobility signalling can involve e.g. UEs at similar location, UEs with similar UE capabilities etc. 
Proposal 1: In NTN system, LEO satellites can group the UEs based on their locations and satellite’s movement (speed and direction) and subsequently group-cast RRC Connection Reconfiguration (Handover Command) message to the group of UEs.

A group RNTI for PDCCH addressing can be used by NTN gNBs for scheduling the group-based RRC message. The associated security configuration will contain a key to be used with legacy PDCP security. Once the LEO satellite broadcasts the HO Command message, all the UEs will receive the message almost at the same time.  Naturally as shown in Figure 2, 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 4: Group-based Handover Command message transmission can generate a huge Random Access storm, thus resulting in enormous RACH collisions.

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 the LEO-NTN is heavily loaded with too many UEs.
Proposal 2: In order to mitigate enormous RACH collisions, resulting from group-based Handover Command message, LEO satellites can provide CFRA for all the UEs. 

Observation 5: However, providing CFRA to all UEs may not be possible when NTN is heavily loaded with many UEs.
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[bookmark: _Ref7640706]Figure 3: UEs Backoff before transmitting HO Complete
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. As shown in Figure 3, 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: NTN gNBs can include an interval (similar to contention window) in the Handover Command message. For avoiding the RACH collisions, arising from Group-Handover, UEs will first backoff, by generating a random number between zero and the interval, before initiating the random access.

2.2 Conditional Handover Applied over Group of UEs
Further improvements in group-based handover can be achieved by transmitting the downlink Handover Command (RRC) message with specific condition(s) that is (are) taken into account by the UE, when a measurement condition is fulfilled. Similar to terrestrial networks, the conditions can include “Signal strength of a neighbour cell is higher than the serving cell signal strength, considering also optional offset and hysteresis additions”. Note that, a UE can receive multiple Conditional RRC Configurations, each for specific neighbour PCIs and a specific measurement condition. RAN2 will assume the conditions associated with Conditional Handover in terrestrial networks (TN) as the baseline for Conditional Handover in NTN and continue further study on it.
Proposal 4: LEO NTN can group-cast Conditional Handover Command message to the UEs in the group. As a baseline, Conditional Handover in NTN, RAN2 will start with the conditions currently available in TN.

2.3 Using 2-Step RACH and Autonomous Reconfiguration in NTN
The signalling load associated with Handover in NTN can be further reduced by 2-step RACH [6], where Msg1 and Msg3 are combined to form MsgA, and Msg2 and Msg4 are combined to firm MsgB. RAN2 will use the outcomes and agreements of 2-step RACH WI [6] of TN as the baseline, and will further study to use it over UE-groups in NTN.
Observation 6: RAN2 has identified 2-step RACH for reducing RACH overhead and delay.
Proposal 5: RAN2 will use the agreements of 2-step RACH WI as the baseline, and will further study to apply it over the UE-groups in NTN. 

As the LEO-satellites move at a very fast speed, many UEs under the coverage will experience very frequent handovers from one NTN cell to another. Some of these UEs may have relatively low mobility and use infrequent uplink data transmission (e.g. IoT / pedestrian / stationary UEs). Interestingly, if such UEs have no uplink data to transmit, gNB can use the DL RRC Connection Reconfiguration message to configure the UEs with the information of the target cells, it is expected to be connected with in near future. UEs can now apply this reconfiguration without sending the uplink Handover Complete (UL RRC) message. Thus, the huge signalling load (RACH and Handover Complete messages) associated with frequent handovers in NTN can be avoided or significantly reduced.
Proposal 6:  UEs, having low mobility and no UL data, can apply the reconfiguration, transmitted by gNB in the DL Group Handover (RRC) message, without performing a subsequent UL access (e.g. RACH /HO Complete). This will significantly reduce the signalling load associated with frequent handovers. 

As UEs with high mobility (e.g. aeroplane UEs) will travel in their own trajectory, such UEs will be excluded from group-based handover and autonomous reconfiguration.
Proposal 7: Group-based handover and autonomous reconfiguration will not be applied to UEs having high mobility (e.g. aeroplane UEs).

Proposal 8: Include the TP, provided in Appendix, in TR 38.821.

3 Conclusions
In this contribution, we discuss our solutions for handover in LEO NTN. We observe that LEO satellite’s mobility is fast but predictable, and UEs’ location information can be estimated by the NTN. Hence, gNBs in NTN can group the uEs and group-cast Handover Command (RRC) message to the UEs in that group. The resulting RACH collision can be resolved by providing a CFRA or by providing a contention window in the Handover Command (RRC) message. UEs can use this window to generate a random number and backoff before initiating random access. This group-handover can be extended to include conditions, thus resulting in Conditional group-handovers. Furthermore, signalling overhead can be reduced by allowing low mobility UEs, having no UL data, to apply the reconfiguration, transmitted by gNB in the DL Group Handover (RRC) message, without performing subsequent UL access. UEs, which have already initiated the handover process can ignore this broadcast message.
Observation 1: In NTN, LEO satellites are moving over time, relative to the earth, albeit in a predictable way.


Observation 2: In LEO-satellite based NTN, satellites can estimate the target cell based for each UE based on satellite’s speed, direction and height from the ground, instead of relying on UE’s measurement reports.

Observation 3: Measurement Report based traditional method of handover triggering might incur high delay and signalling overhead in LEO satellite based NTN.

Proposal 1: In NTN system, LEO satellites can group the UEs based on their locations and satellite’s movement (speed and direction) and subsequently group-cast RRC Connection Reconfiguration (Handover Command) message to the group of UEs.


Observation 4: Group-based Handover Command message transmission can generate a huge Random Access storm, thus resulting in enormous RACH collisions.

Proposal 2: In order to mitigate excessive RACH collisions, resulting from group-based Handover Command (RRC) message, LEO satellites can provide CFRA for all the UEs in the group. 
Observation 5: However, providing CFRA to all UEs may not be possible when NTN is heavily loaded with many UEs.
Proposal 3: NTN gNBs can include an interval (similar to contention window) in the Handover Command message. For avoiding the RACH collisions, arising from Group-Handover, UEs will first backoff, by generating a random number between zero and the interval, before initiating the random access.
Proposal 4: LEO NTN can group-cast Conditional Handover Command message to the UEs in the group. As a baseline, Conditional Handover in NTN, RAN2 will start with the conditions currently available in TN.
Observation 6: RAN2 has identified 2-step RACH for reducing RACH overhead and delay.
Proposal 5: RAN2 will use the agreements of 2-step RACH WI as the baseline, and will further study to apply it over the UE-groups in NTN.
Proposal 6:  UEs, having low mobility and no UL data, can apply the reconfiguration, transmitted by gNB in the DL Group Handover (RRC) message, without performing a subsequent UL access (e.g. RACH / HO Complete). This will significantly reduce the signalling load associated with frequent handovers. 
Proposal 7: Group-based handover and autonomous reconfiguration will not be applied to UEs having high mobility (e.g. aeroplane UEs).

Proposal 8: Include TP, provided in Appendix, in TR 38.821.
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5 Appendix

--------------------------------------------------------- Start of TP ----------------------------------------------------------------------
7.3.2 	Connected mode mobility enhancements
Editor’s note: RAN2 will study impacts and possible enhancements to Mobility (hand-over)

7.3.2.x Grouping of UEs for Enhancing Signalling in Connected mode mobility in LEO-NTN
NTN-gNB can estimate UEs’ locations by using GNSS (for UEs supporting GNSS), or by capturing location information from the core network (for UEs not supporting GNSS).  If the geographical location of a UE is known, and the UE is moving relatively slowly, LEO satellite NTN can estimate the target cell for each UE, at any given time, based on satellite’s speed, direction and height from the ground. Frequent handovers of many UEs, resulting from high speed movement of LEO satellites, can involve huge signalling load and additional delay. It could be more efficient, for the LEO satellites, to group the UEs depending on their locations, capabilities, satellite’s movement (speed and direction) and transmit the “Handover Command” (RRC) message to all the UEs in the group, instead of relying on their individual MR signals. As shown in Figure 4, this group-based transmission of handover command message can significantly reduce the signalling load. A group RNTI for PDCCH addressing can be used by NTN gNBs for scheduling the group-based RRC message. The associated security configuration will contain a key to be used with legacy PDCP security. 
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[bookmark: _Ref7707022]Figure 4: Group-based HO Command and associated RACH Collision

7.3.2.x.1 Reducing Excessive Uplink Signalling
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[bookmark: _Ref7707188]Figure 5: UEs Backoff before transmitting HO Complete

Once the LEO satellite broadcasts HO Command message, all the UEs will receive the message almost 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.  In order to mitigate excessive RACH collisions, resulting from Handover Command message broadcast, LEO satellites can provide CFRA for all the UEs. However, providing CFRA to all UEs may not be possible when NTN is heavily loaded with many UEs. One way to resolve it is NTN gNBs can include an interval (similar to contention window) in the downlink Handover Command message. As shown in Figure 5, for avoiding the RACH collisions arising from Group-Handover, UEs can first generate a random number between zero and the interval, backoff with that random number and then initiate the random access. LEO NTNs can also use Conditional Handover (CHO) for indicating the UEs to initiate handover when certain channel conditions are satisfied. As LEO-satellites can accurately estimate the target cells, further reduction in UL handover signalling can be achieved by allowing UEs with low mobility and no UL data to apply the reconfiguration, transmitted by NTN-gNB in the DL Group Handover (RRC) message, without performing any subsequent UL access (random access and Handover Complete). 



--------------------------------------------------------- End of TP ----------------------------------------------------------------------
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