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1 Introduction
In RAN2 #113bis, RAN2 #114 and RAN2 #116 meeting, the following agreements are attained for soft TAC solution:
	RAN2 #113bis

When the network stops broadcasting a TAC, the UE needs to know it (FFS on further details)

RAN2 assume UE does not do TAU if one of the currently broadcasted TAC belongs to UE’s registration area.

RAN2 #114
Change in TAC in SIB1 triggers SI update notification procedure as legacy behaviour. It is FFS whether broadcasting TAC update time can also be considered.
In rel-17, other enhancements like virtual tracking area concept might be considered with low priority at the end of the WI.
RAN2 #116

There will be max 12 TACs per NR NTN cell, including same or different PLMNs.


In this contribution, some further issues on TAC updating are discussed.
2 Discussion
2.1 TAC update
Based on the agreements in RAN2 #114, the SI update notification procedure shall be triggered for TAC modification, which means frequent paging notification and the heavy paging load. 
In the example of figure 1, there are 4 different paging occasions for all UEs, including idle and inactive UE. From UE point of view, it shall receive paging indication in its own paging occasion. When the SIB modification happens, gNB shall transmit paging indication in all the possible paging occasions to guarantee all the UEs could receive this indication, which leads to huge paging signal.
Observation 1: Paging load is heavy for TAC update case.
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Figure 1: the paging indication enhancement
For NTN case, if all the UEs monitor TAC update indication in the same special paging occasion, for example, the first paging occasion in BCCH modification period, the paging load could be decreased as much as possible. This is illuminated in figure 1 as enhanced solution.
This enhancement shall lead more power consuming for UEs whose paging occasion is not selected to indicate the TAC updating, however, this drawback is not a big problem because  these UEs need to monitor one extra paging occasion in the long BCCH modification period.

Proposal 1: All the UEs shall monitor the TAC update indication in a special PO.
Another issue is whether to broadcast TAC update time or not. For this alternative, the heavy paging load could be avoided, at the cost of introducing a new parameter into SIB. If common PO is not applied, broadcasting TAC update time shall be considered.
Proposal 2: If common PO is not applied, broadcasting TAC update time shall be considered.
If TAC update time is broadcasted, the next issue is the format of this parameter. There are 3 alternatives:

· Alternative 1: timer

For alternative 1, UE could acquire the value of timer via SIB and start a timer. When the timer expires, UE shall receive the SIB in the next BCCH modification period to acquire the new TAC list. In the example of figure 2, TAC list shall be updated in BCCH modification period D, so this timer is set to 25 seconds in BCCH modification period A, and is set to 16 seconds in BCCH modification period B.
The benefit of this alternative is the small size of parameter, but the value of the timer shall be updated in every BCCH modification period.

· Alternative 2: absolute timing information

In the example of figure 2, the absolute timing information could be either the beginning of BCCH modification period D, or the exact transmission timing of new SIB which includes the new TAC list. Considering the scheduling scheme of SIB could not be predicted, it is proposed to indicate the time of the beginning of BCCH modification period.
The size of absolute time is larger than that in other 2 alternatives, but the value of parameter is fixed in every BCCH modification period.
· Alternative 3: number of BCCH modification period

In the example of figure 2, UE receives the SIB in BCCH modification period A, it acquires the TAC list shall be updated in the next 3 BCCH modification periods. Therefore, it will receive SIB in BCCH modification period D. 
This alternative is simple with small size of parameter, but the value of this parameter shall be modified in every BCCH modification period. However, the paging notification shall be avoided for the modification of this new parameter.
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Figure 2: the format of TAC update time
If TAC update time is considered, the alternative 3 is proposed.
Proposal 3: If TAC update time is broadcasted, the number of BCCH modification period shall be included in SIB to indicate when the new TAC list is applied.
2.2 TAC update caused by feeder link switch
Another TAC update case is feeder link switch, in which the source and target NTN cell cover the same geography region. If TAC list is decreased in this switch procedure, some paging is not transmitted any more. In the example of figure 3, if source cell includes TAC1 and TAC2, and target cell includes TAC1 only, the UE registered to TAC2 (UE B) shall not receive paging via target cell after feeder link switch. So the UE may be unreachable.
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Figure 3: TAC update in feeder link switch
The simplest solution for this problem is that target cell continues to transit paging to UE B temporarily, so it is proposed:
Proposal 4: If TA in TAC list is decreased in feeder link switch procedure, paging shall be continued in target cell.

2.3 LCS

It has been agreed in RAN3 that gNB shall acquire the UE position information, map to a virtual cell ID, and indicate to AMF. The virtual cell ID is not the cell ID in SIB, and the radius of this virtual cell is about 1 kilometre. However, how to deduce the virtual cell ID is due to gNB implementation.
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Figure 4: UE location report procedure
Usually, gNB may acquire the TA report and beam information, which are helpful to determine the accurate UE position. However, whether gNB could deduce the accurate position within the scope of 2 kilometres or not is still FFS. If not, the new assistance information may be reported to gNB, for example, the latitude and longitude information.
Proposal 5: If other location method is not accurate enough, UE shall report latitude and longitude to gNB.
3 Conclusion

In this contribution we discuss TAC update in NTN, and made the following proposals:
Observation 1: Paging load is heavy for TAC update case.
Proposal 1: All the UEs shall monitor the TAC update indication in a special PO.
Proposal 2: If common PO is not applied, broadcasting TAC update time shall be considered.
Proposal 3: If TAC update time is broadcasted, the number of BCCH modification period shall be included in SIB to indicate when the new TAC list is applied. 
Proposal 4: If TA in TAC list is decreased in feeder link switch procedure, paging shall be continued in target cell.

Proposal 5: If other location method is not accurate enough, UE shall report latitude and longitude to gNB.
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