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1. Introduction
In the past several meeting, mobility management in NTN has been discussed. For GEO system, large propagation delay has been identified as the main challenge. For LEO system, the measurement validity, UE velocity, movement direction, large and varying propagation delay and dynamic neighbor cell set due to satellite movement has also been mentioned.
Conditional Handover (CHO) and ephemeris information, as mentioned by a lot of companies, can be helpful in NTN mobility management for both GEO and LEO case. 
In this contribution, we analyze how to apply CHO in both GEO and LEO system according to the progress of CHO made in mobility enhancement WI and share some consideration on utilization of ephemeris.
2. Discussion
2.1.  CHO for GEO and LEO
· Progress of CHO in mobility enhancement WI
In the past RAN2#105bis meeting, much progress has been made about CHO:
Agreements
0:	CHO is introduced in NR to solve robustness/reliability issue.
1:	The LTE agreements below are applicable for NR: 
a/ CHO is defined as UE having network configuration for initiating access to a target cell based on configured condition(s). 
b/ Usage of conditional handover is decided by network. UE evaluates when the condition is valid.
c/ Support configuration of one or more candidate cells for conditional handover;
=>	FFS how many candidate cells (UE and network impacts should be clarified).
=>	FFS how to include the CHO conditions in UE configuration
d/ The baseline operation for Conditional HO procedure assumes HO command type of message contains HO 	triggering condition(s) and dedicated RRC configuration(s). UE accesses the prepared target when the relevant 	condition is met.
e/ The baseline operation for Conditional HO assumes the source RAN remains responsible for RRC until UE 	successfully sends RRC Reconfiguration Complete message to target RAN. 
f/ 	RAN2 assumes late packet forwarding (i.e. not done immediately when the CHO target cells become prepared) 	could be suitable for CHO when there are multiple candidate target cells. Early packet forwarding can also be 	considered. Detailed decisions require RAN3 study.
2	Cell level quality is used as baseline for CHO execution condition;
FFS: on whether beam quality is used as input for CHO execution condition.
3	 RS type SSB can be used
FFS: CSI-RS, use of more than one RS type
4	Ax events (entry condition) are used for CHO execution condition and A3/5 as baseline
FFS: on other events
5	Trigger quantity for CHO execution condition(RSRP, RSRQ or RS-SINR) is configured by network. 
FFS: on multiple quantities.
FFS: Enhancements to the above CHO framework to specifically address usage in FR2 (e.g. address high number of 	handovers, RLFs, etc)
The general CHO procedure is shown in Figure 1. The source gNB provides a CHO command message which includes the CHO triggering condition (s) and dedicated RRC configuration(s) to UE. When relevant condition is met, UE accesses the prepared target and start data transmission.


Figure 1. CHO procedure
A3 (Neighbor becomes offset better than SpCell) and A5 (SpCell becomes worse than threshold1 and neighbor becomes better than threshold2) has been agreed as baseline for the CHO execution condition.
·  CHO for GEO
To reduce the mobility interruption time caused by large propagation delay during HO in GEO system, CHO can be used to trigger early HO. For example, the offset in A3 and be configured as a smaller value or even a negative value to trigger an early HO from source cell to one of the qualified candidate cells. Similarly, for A5, the threshold1 and threshold2 can be configured by the network to trigger an early HO. Considering the measured RSRP/RSRQ/SINR may have different value range in NTN, the detailed value range of such offset in A3 and threshold1 and threshold2 in A5 can be studied in the future during the work item. 
Proposal 1: CHO procedure can be applied in GEO to trigger early handover by configuring proper offset or thresholds in CHO execution condition A3 and A5 to reduce the mobility interruption time due to long propagation delay. 
·  CHO for LEO
For LEO case, a group of UEs connected to the source satellite cell may have to be suddenly handed over to a new satellite cell when the serving satellite changes, causing a HO storm. By configuring gradually changing offset in A3 or thresholds in A5 for different UEs, a group of UEs can be handed over to the new satellite cell gradually.
Proposal 2: CHO procedure can be applied in LEO by configuring gradually changing offset or thresholds in CHO execution condition A3 and A5 for different UEs to avoid handover storm due to serving satellite change.
2.2.  Utilization of ephemeris
The ephemeris information is useful for UE to predict the satellite movement direction to decide the timing advance and predict the location of the neighboring satellite for Doppler compensation. In mobility management, the ephemeris information is also useful. For example, UE triggered handover has been mentioned to reduce the round trip delay in the traditional network triggered handover procedure. If the ephemeris information is available in the UE side, it is possible for UE to predict the potential target cells for handover thus can start measurement and trigger handover procedure in advance to reduce the mobility interruption time.
However, as agreed in RAN2#103bis:
- Satellite beams, satellites or satellite cells are not considered to be visible from UE perspective in NTN SI.
In our understanding, UE should be aware of the ID of its serving satellite when utilizing the ephemeris to predict the movement direction, the neighboring satellite and the potential target cells. Thus, the above agreement should be revised and the satellite ID should be broadcast to UE in system information.
Proposal 3: Satellite ID is broadcast to UE in system information. 
Proposal 4: Agree the text proposal.
3. Conclusion and proposals
With the above analysis, we have the following proposals:
Proposal 1: CHO procedure can be applied in GEO to trigger early handover by configuring proper offset or thresholds in CHO execution condition A3 and A5 to reduce the mobility interruption time due to long propagation delay. 
Proposal 2: CHO procedure can be applied in LEO by configuring gradually changing offset or thresholds in CHO execution condition A3 and A5 for different UEs to avoid handover storm due to serving satellite change.
Proposal 3: Satellite ID is broadcast to UE in system information. 
Proposal 4: Agree the text proposal.
4. Text Proposal
[bookmark: _Toc2952273]7.3 	Control plane enhancements
Editor’s note: RAN2 will study impacts and possible enhancements to Mobility (cell reselection), TA management and update


Satellite beams or satellites  are not considered to be visible from UE perspective in NTN.  This does not preclude differentiating at the PLMN level the type of network (e.g. NTN vs. terrestrial).   
Satellite identifier is broadcast to UE in system information.
Note: Rel-15 definitions are considered as a baseline for NTN
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Figure 7.3.1-1: Options for PCI and SSB mapping into satellite beams
Both options a) same PCI for several satellite beams and b) one PCI per satellite beam, can be considered in NTN with one or multiple SSBs per SSBurst (PCI).
The association between satellite beams and NR SSBs is left for implementation (i.e. it will not be specified)
Two different type of UE categories are considered in this study: 1) with GNSS support, 2) without GNSS support
As per tracking area:
· For GEO, the current tracking area management is assumed as a baseline
· For LEO with moving beams study fixed and moving tracking area solutions

[bookmark: _Toc2952274]7.3.1 	Idle mode mobility enhancements
7.3.2 	Connected mode mobility enhancements   
7.3.2.x Conditional handover
The general Conditional handover (CHO) procedure is shown in Figure 7.3.2.x-1. The source gNB provides a CHO command message which includes the CHO triggering condition (s) and dedicated RRC configuration(s) to UE. When relevant condition is met, UE accesses the prepared target and start data transmission. A3 (Neighbor becomes offset better than SpCell) and A5 (SpCell becomes worse than threshold1 and neighbor becomes better than threshold2) has been agreed as baseline for the CHO execution condition.


Figure 7.3.2.x-1. CHO procedure
To reduce the mobility interruption time caused by large propagation delay during HO in GEO system, CHO can be used to trigger early HO. For example, the offset in A3 and be configured as a smaller value or even a negative value to trigger an early HO from source cell to one of the qualified candidate cells. Similarly, for A5, the threshold1 and threshold2 can be configured by the network to trigger an early HO. Considering the measured RSRP/RSRQ/SINR may have different value range in NTN, the detailed value range of such offset in A3 and threshold1 and threshold2 in A5 can be studied in the future during the work item. 
For LEO case, a group of UEs connected to the source satellite cell may have to be suddenly handed over to a new satellite cell when the serving satellite changes, causing a HO storm. By configuring gradually changing offset in A3 or thresholds in A5 for different UEs, a group of UEs can be handed over to the new satellite cell gradually.
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