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1. Introduction 
In RAN2#113e and RAN2#113bis-e meeting, following agreements were made.
Agreements:

1.
In NTN, the network may broadcast more than one TACs per PLMN in a cell, which is to up to network implementation.

2.
When the network stops broadcasting a TAC, the UE needs to know it (FFS on further details)

3.
RAN2 assume UE does not do TAU if one of the currently broadcasted TAC belongs to UE’s registration area.

4.
RAN2 confirm that in NTN when TAC change in SI happens is up to network implementation, i.e. it may not exactly sync up with real-time illumination on ground.

5.
Send a LS to CT1 and SA2, with Cc RAN3. The content is: currently RAN2 has two options on table, and the preference is “AS indicates all received TACs to NAS layer when more than one TAC per PLMN is broadcasted in NTN cell”, compared to “AS still reports only one TAC to NAS layer”, and ask for CT1’s feedback. Also include justification for RAN2 preference

In this document, we provide the details on how UE can be made aware when the network stops broadcasting a TAC for both hard and soft TAC update procedure.
2. Discussion 

2.1 Hard TAC update
In hard TAC update, a cell broadcasts only one TAC per PLMN, similar to what is done today in terrestrial networks. Then, when the cell either enters new TA or leaves the old TA, the SIB is updated and hence the TAC is updated to that of the new TA as shown in figure 1 below. UE may not know the geographical boundary of the TA and will have to depend on TAC broadcast by cell to determine in which TA it is in.
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Figure 1 Hard TAC update
As already agreed, UE needs to know when the network stops broadcasting a TAC, otherwise the UE risks being unreachable. With hard TAC update, an important question is how UEs (e.g., UE 2 in Fig 1) that do NOT need to select a new cell get updated with the change of TA (i.e., when S1 stops broadcasting TAC1 and starts broadcasting TAC2). 

Many UEs, for example UE2 in Fig 1, will be still camping on the same cell just monitoring the paging. So, these UEs will be unaware of the change of TAC in the cell. Once cell changes the TAC (i.e., TAC1 to TAC2) after entering the new TA, network may trigger the SI update procedure. This is inefficient as it wakes up all UEs just to update the TAC and consume the paging resources.
In addition, an NTN cell is moving and keeps crossing the tracking area boundary at some interval. If SI update is triggered every time in this case, this will further lead to excessive network resource wastage. However, the fact that the NTN cell is moving and keeps crossing the TA boundary at a certain internal (interval may vary based on non-linear TA boundaries) could be utilized for the advantage of both the network and the UEs.
Observation 1. SI update procedure to notify UE of the change in TAC is very inefficient. The SI change notification should not be triggered just for the purpose of updating TAC.
Observation 2. In SIB, time for the next TAC update can be broadcast. Based on time information, UE will read SIB and get updated on TAC.
2.2 Soft TAC update
In soft TAC update, a cell broadcasts multiple TACs per PLMN. The network may choose to do so only when cell coverage is in the TA boundary as shown below.
PLMN-IdentityInfoList-v17xy ::=     SEQUENCE (SIZE (1..maxPLMN)) OF TrackingAreaCodeList-r17xy

TrackingAreaCodeList-r17xy     

SEQUENCE (SIZE (1..maxTAC)) OF TrackingAreaCodeInfo-r17

TrackingAreaCodeInfo-r17::=         SEQUENCE {

    trackingAreaCode-r17     

  TrackingAreaCode        OPTIONAL,      -- Need R

   }
nextUpdateTime-r17              SEQUENCE {

    

remainSFN-Wraparound-r17     

 INTEGER (0..15),        


 

remainSI-ModPeriod-r17           INTEGER (0..15) 



   

}        OPTIONAL,      -- Need R
In order for a UE to be aware of when a cell will stop broadcasting a particular TAC without requiring SI update notification, a cell can broadcast both the TAC and the remaining time before the TAC will no longer be broadcast, similar to the time for the next TAC update for hard TAC update (see Observation  2). For example, assume at time T1 that a UE reads a SIB which indicates a TAC X with a remaining time T. Then the UE knows that at time T1 + T, the cell will cease to broadcast TAC X. If the UE is allowed to access TAC X but not any other TAC, then the UE, if still able to access the cell, would need to perform a Registration update just before time T1 + T in order to receive some new TAC allowance from the 5GC which may then enable continued access to the cell and enable Paging of the UE to continue to operate.

Since there will be more than one TACs in soft TAC update, next update time for each TAC can be broadcast. However, as when to update TAC is up to network and does not need to be exactly synced up with real-time illumination on ground, one TAC update time information per cell can also be broadcast. This works in case of HARD TAC update as well. This solution is mostly for the case of moving cells where UE is not likely to stay in the same cell for more than a few minutes. Therefore, the signalling overhead to indicate the next update time, i.e., remaining time for the next update, would not be high.
Observation 3. In soft TAC update, next update time nextUpdateTime-r17 can be broadcast per cell or per TAC so that UE becomes aware when cell is going to stop broadcasting old TAC(s).
2.3 TAC update time signalling
If SI change notification procedure is used, the SI change (i.e., TAC update) can happen only at the SI modification boundary. Same mechanism can be used to signal the next TAC update time as shown in figure 2.
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Figure 2 Remaining time for the next TAC update in terms of number of SFN wrap around and SI modification periods.
To reduce the signalling overhead of the TAC update procedure, a reference time can be specified and only the remaining duration can be broadcast with respect to the reference time or SFN. The reference time can be specified as the start of SFN = 0. The length of remaining time can be specified as number of remaining SFN wrap arounds (i.e., remainSFN-Wraparound-r17) and number of remaining SI modification periods (i.e., remainSI-ModPeriod-r17). The network would need to reduce the counter, i.e., number of remaining SFN wrap arounds broadcast in SIB ever time SFN wraps around (i.e., every 10.24s) as shown in figure 2. Note this is similar to broadcasting value of H-SFN in SIB1 in LTE when eDRX is enabled in the cell. Here is an example, suppose:
Reference SFN = 0

remainSFN-Wraparound-r17 = 2

remainSI-ModPeriod-r17 = 3
SI modification period (m) = 128

current SFN = 512
The remaining time for TAC update = 2*10.24 + 3*128/100 – 500/100 = 19.2s.
The TAC update procedure is not an issue in earth fixed cell scenario as the cell is fixed and TAC remains fixed until the cell is switched off. For moving cell scenario, since the UE will not stay with the same (moving) cell for a long time (e.g., for typical cell of 100km size, UE can stay just for 13s), signalling 4 bits for remainSFN-Wraparound-r17 and 4 bits for remainSI-ModPeriod-r17 (total 8 bits) is sufficient to indicate remaining time of at least 16*10.24s or 163.84s. It is not likely but if more than 163.84s of remaining time needs to be signalled, then simply this parameter remainSFN-Wraparound-r17 and remainSI-ModPeriod-r17 can be absent indicating UE has to check back (i.e., read SIB) after 163.84s to get update when will be the next TAC update time.
Therefore, additional 8 bits to signal next TAC update time should be more efficient than paging all UEs during a SI modification period. In addition, such update time is not necessary to broadcast in SIB1 but can be broadcast in other SIBs such as NTN specific SIB where ephemeris is provided.
Observation 4. Additional 8 bits signalling in a SIB to indicate next TAC update time should be more efficient than paging all UEs during a SI modification period.
In case of soft TAC update, though signalling update time per cell can work, it is more beneficial to signal the update time per TAC. This will also help to select the proper TAC (i.e., by NAS or AS) based on larger serving time in the area. This will in turn reduce the frequency of SIB acquisition.

Therefore, based on the above, we have the following proposals:

Proposal 1 To reduce signalling overhead due to TAC update in SIB, a reference time is specified (e.g., SFN = 0) and length of remaining time for the next TAC update is signalled in SIB.

Proposal 2 The remaining time information is provided in terms of number of remaining SFN wrap arounds plus number of remaining SI modification periods.

Proposal 3 Define a default remaining time if remaining time information is not signalled in SIB.

Proposal 4 RAN2 discuss whether to signal the remaining time per TAC or per cell and whether to signal in SIB1 or NTN specific SIB.

3. Conclusion

Following observations and proposals are made.
Observation 1.
SI update procedure to notify UE of the change in TAC is very inefficient. The SI change notification should not be triggered just for the purpose of updating TAC.
Observation 2.
In SIB, time for the next TAC update can be broadcast. Based on time information, UE will read SIB and get updated on TAC.
Observation 3.
In soft TAC update, next update time nextUpdateTime-r17 can be broadcast per cell or per TAC so that UE becomes aware when cell is going to stop broadcasting old TAC(s).
Observation 4.
Additional 8 bits signalling in a SIB to indicate next TAC update time should be more efficient than paging all UEs during a SI modification period.
Proposal 1
To reduce signalling overhead due to TAC update in SIB, a reference time is specified (e.g., SFN = 0) and length of remaining time for the next TAC update is signalled in SIB.
Proposal 2
The remaining time information is provided in terms of number of remaining SFN wrap arounds plus number of remaining SI modification periods.
Proposal 3
Define a default remaining time if remaining time information is not signalled in SIB.
Proposal 4
RAN2 discuss whether to signal the remaining time per TAC or per cell and whether to signal in SIB1 or NTN specific SIB.
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