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1. Introduction

In RAN2#116-e the following discussion on TAC update was noted [1]:

	RAN2#116-e agreement (IoT-NTN):
The use of hard TAC or soft TAC is up to network implementation in earth-fixed and earth-moving cells.
Chair notes:
Chair: P1 is Open, the following alternatives were discussed.
1. SI modification procedure may be used to inform UEs of TAC removal based on Network implementation. 
2. It is up to UE to re-acquire, network should not use SI info modification
3. There is a TA validity timer that trigger the UE to re-acquire.



The issue was also discussed in the context of NR however there wasn’t any conclusion.

2. Discussion
The options 1 and 2 discussed in the last meeting have some issues, as we have already discussed. 

In case NW must use SI modification procedure to inform UEs of TAC removal (alt.1), this will cause all UEs in the cell to re-acquire system information regardless of the TA on which the UE has currently registered, and as we know IoT devices have a requirement for long battery life – TAC update may occur quite frequently particularly for the LEO case and therefore reading SI every time a cell removes a TAC will cause significant additional power consumption.

Similarly, in order that the UE remains reachable, and if it is up to UE to re-acquire (alt.2), this would imply the UE has to check the TAC list before every PTW to ensure that the TAC on which the UE is currently registered is still broadcast in the cell and therefore whether a TAU needs to be triggered. Otherwise there is a risk that the TAC has been removed and hence UE cannot be paged, unless the NW also pages in previous TAs implying significant paging overhead. With this option, therefore, the network must suffer significantly increased paging overhead, or the UE must suffer significantly increased power consumption.

Based on the above reasoning, we would therefore recommend introducing a TAC validity timer (Alt.3) – this will ensure that the UE triggers a system information re-acquisition only when the TAC becomes invalid – avoiding the unnecessary additional power consumption due to reading SI frequently as would be the case with alternatives 1 and 2 and avoiding the need for the network to e.g. page in previously used TAs in addition to the currently used TAC for a particular UE.

Proposal 1: Introduce TAC validity timer that triggers the UE to re-acquire system information. 

Clearly some of the broadcast TACs will be valid for longer than others. As the cell moves, it will cover different geographical areas at different times and in order to accommodate this it should be possible for the network to provide validity time per TAC in case of soft TAC update. 

Proposal 2: The TAC validity timer may be provided per TAC. 


One potential issue with this solution is that the timer expiry will trigger UEs registered on the expired TAC to perform TAU at the same time. Particularly in case of many UEs in the cell this will cause a significant signalling overhead both in terms of RACH load and in terms of CN signalling. We should therefore be mindful of how to define the UE behaviour upon TAC validity timer expiry to ensure that not all UEs trigger TAU at the same time. It would be beneficial to spread the TAC expiry or the SI re-acquisition amongst UEs so that the TAU attempts are spread over time to ease signalling and RACH load. As long as there are multiple TACs available it should be possible to spread the transition from e.g. TAC1->TAC2 during the time that both TACs are broadcast. For example, the UE may select a random or pseudo-random time based on the per TAC validity times broadcast in SI to trigger SI re-acquisition such that some UEs transition from TAC1->TAC2 earlier than the time at which TAC1 is removed from the broadcast list of TACs. 

Proposal 3: Discuss how to avoid many UEs triggering TAU simultaneously upon TAC expiry. 

Of course, use of TAC validity timer is mainly beneficial for the earth-moving cell scenario, and may not be needed in other scenarios, for example GEO cases whereby a cell persists within a particular TA for longer periods of time. In these cases, TAC validity timer need not be provided and the network can use the normal SI update procedure. In other cases e.g. for quasi-eath fixed cells the TAC update will usually also correspond with cell change, so UE will anyway read SI due to cell reselection and neither the TAC validity timer nor SI update mechanism would need to be used.

Proposal 4: TAC validity timer is an optional IE, and if not present the regular SI update mechanism can be used for TAC removal.
3. Conclusion
We have the following proposals:

Proposal 1: Introduce TAC validity timer that triggers the UE to re-acquire system information. 

Proposal 2: The TAC validity timer may be provided per TAC. 

Proposal 3: Discuss how to avoid many UEs triggering TAU simultaneously upon TAC expiry. 

Proposal 4: TAC validity timer is an optional IE, and if not present the regular SI update mechanism can be used for TAC removal.
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