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Introduction
In the RAN2 #104 meeting, there were the following agreement on tracking area mechanism in NTN.
	Agreements:
1.	RAN2 to study solutions for two different type of UE categories 1) with GNSS support, 2) without GNSS support
2.	For GEO, the current tracking area management is assumed as a baseline
3.	For LEO with moving beams study fixed and moving tracking area solutions


In the last RAN2 meeting, it was agreed that fixed TA should be assumed moving forward from RAN2 perspective. In this contribution, we provide our further considerations on TA management mechanism in LEO NTN.
Compared to the previous version, the following changes are made
· Remove the analysis for moving tracking area
· Add one TP in appendix
Discussion
For UE with GNSS support, UE can obtain its location by GNSS and then make a decision whether performing TAU based on its location. However, for UE without GNSS support, it only can get location related information by network indication, e.g., cell ID, TAC, RNAC, etc. Considering the TA management mechanism is common for all UEs, the network should ensure the TA management working of UEs both with/without supporting GNSS. Hence, to support UEs without GNSS capacity, the network should broadcast TAC like current TA management mechanism although there are UEs with supporting GNSS in networks.
Proposal 1: to support UEs without GNSS capacity, the network should broadcast TAC like current TA management mechanism.
The purpose of TAU is to make the network to know the area UE locating in and then transmit UE’s paging message accurately. If configuring UE with smaller TA or less TA list, the UE will perform TAU frequently, which is power and signalling consuming from UE’s perspective. If configuring UE with larger TA or more TA list, the network has to paging this UE in a larger area, which is power and signalling consuming from network’s perspective. In LEO scenario with moving beams, although cells keep moving with the motion of gNB (satellite), moving orbit is relatively fixed. It means that the network could know the location of its all cells in time based on the satellite ephemeris.
Observation 1: the network could know the location of its all cells in time based on the satellite ephemeris.
If considering fixed tracking area, the cells need to change its broadcasting TAC dynamically to match the tracking area allocated on earth. To facilitate AMF managing the association relationship between TA and cells, the cell had better inform AMF when it changes its broadcasting TAC.
Proposal 2: in fixed TA solution, to facilitate AMF managing the association relationship between TA and cells, the cell had better inform AMF when it changes its broadcasting TAC.
The TAC broadcasted in system information of cells will change like the figure below At T1, the cell will broadcast TAC-2 and it will broadcast TAC-1 at T3. If satellite does not adjust its antenna angle during this moving, the cell will slide into TA1 from TA2 continuously, then there will be a period of time when the part of cell has covered TA1 while another part of the cell still cover TA2 like T2 shown in the figure below. From T1 to T3, the UE will see its TAC changing like TAC-1-> TAC-2-> TAC-1. This could be called TA Ping-Pong issue. 


Observation 2: for fixed TA solution in LEO with moving beams, UE locating nearby TA boundary may suffer TA Ping-Pong issue.
If TAC-2 is include in TA list of the UE configured by AMF but TAC-2 isn’t, at least once unnecessary TAU will be triggered. To handle this issue, one possible method is to broadcast both TAC-1 and TAC-2 in the cell’s system information and specify that TAC-2 is the current TAC of the cell and TAC-1 is the next expected TAC of the cell. When UE find that TAC changes from TAC2/1 to TAC1/2, no TAU is triggered.
Proposal 3: the cell moving to nearby TA boundary could broadcast both two TAC to avoid unnecessary TAU resulting from TA Ping-Pong issue. 
Conclusion
In this contribution, we provide our further considerations on TA management mechanism in LEO NTN, and we get the following observation and proposals:
Observation 1: the network could know the location of its all cells in time based on the satellite ephemeris.
Observation 2: for fixed TA solution in LEO with moving beams, UE locating nearby TA boundary may suffer TA Ping-Pong issue.

Proposal 1: to support UEs without GNSS capacity, the network should broadcast TAC like current TA management mechanism.
Proposal 2: in fixed TA solution, to facilitate AMF managing the association relationship between TA and cells, the cell had better inform AMF when it changes its broadcasting TAC.
Proposal 3: the cell moving to nearby TA boundary could broadcast both two TAC to avoid unnecessary TAU resulting from TA Ping-Pong issue.
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Appendix
[bookmark: _Toc6220009]7.3.3 	Paging issue
Editor’s note: RAN2 will study impacts and possible enhancements to TA management and update and report to RAN3
For UE with GNSS support, UE can obtain its location by GNSS and then make a decision whether performing TAU based on its location. However, for UE without GNSS support, it only can get location related information by network indication, e.g., cell ID, TAC, RNAC, etc. Considering the TA management mechanism is common for all UEs, the network should ensure the TA management working of UEs both with/without supporting GNSS. Hence, to support UEs without GNSS capacity, the network should broadcast TAC like current TA management mechanism although there are UEs with supporting GNSS in networks.
The purpose of TAU is to make the network to know the area UE locating in and then transmit UE’s paging message accurately. If configuring UE with smaller TA or less TA list, the UE will perform TAU frequently, which is power and signalling consuming from UE’s perspective. If configuring UE with larger TA or more TA list, the network has to paging this UE in a larger area, which is power and signalling consuming from network’s perspective. In LEO scenario with moving beams, although cells keep moving with the motion of gNB (satellite), moving orbit is relatively fixed. It means that the network could know the location of its all cells in time based on the satellite ephemeris. If considering fixed tracking area, the cells need to change its broadcasting TAC dynamically to match the tracking area allocated on earth. To facilitate AMF managing the association relationship between TA and cells, the cell had better inform AMF when it changes its broadcasting TAC.
In fixed TA scheme, the TAC broadcasted in system information of cells will change like the figure below At T1, the cell will broadcast TAC-2 and it will broadcast TAC-1 at T3. If satellite does not adjust its antenna angle during this moving, the cell will slide into TA1 from TA2 continuously, then there will be a period of time when the part of cell has covered TA1 while another part of the cell still cover TA2 like T2 shown in the figure below. From T1 to T3, the UE will see its TAC changing like TAC-1-> TAC-2-> TAC-1. This could be called TA Ping-Pong issue. 


If TAC-2 is include in TA list of the UE configured by AMF but TAC-2 isn’t, at least once unnecessary TAU will be triggered. To handle this issue, one possible method is to broadcast both TAC-1 and TAC-2 in the cell’s system information and specify that TAC-2 is the current TAC of the cell and TAC-1 is the next expected TAC of the cell. When UE find that TAC changes from TAC2/1 to TAC1/2, no TAU is triggered.
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