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1. Introduction 
In RAN2#114e, following agreements were made regarding cell stop timing and TAC update notification.
1. 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.

2. At least in the quasi-earth fixed case (FFS for moving case), the timing information on when a cell is going to stop serving the area is needed to assist cell reselection in NTN for earth fixed scenario.

3. At least in the quasi-earth fixed case (FFS for moving case), the timing information on when a cell is going to stop serving the area is used to decide when to perform measurement on neighbor cells.

4. At least in the quasi-earth fixed case (FFS for moving case), the timing information on when a cell is going to stop serving the area for earth fixed scenario is broadcast to UE via system information.
In this document, we provide the details on timing information for TAC update time.
2. Discussion 

2.1 Cell stop time

It is already agreed that a quasi-earth fixed cell can broadcast timing information in system information. This timing information is to let the UE know when the cell is going to switch off. This timing information can be used by the UE for measurement and cell reselection before the cell is turned off and the UE momentarily loses the coverage.
In quasi-earth fixed cell scenario, the cell stays in the same area until the cell stop time, therefore, the cell would not need to update the tracking area, i.e., there is no TAC update time needed.

Observation 1. In quasi-earth fixed cell scenario, cell stop time is needed but TAC update time is not needed.

However, for moving cell scenario, cell does not stop. It means the cell duration time is different for different UEs depending on RSRP signalling threshold and there is not such cell top time. In this case, cell can provide beam information along with satellite information. The UE will be able to estimate the time remaining in the serving cell (i.e., equivalent to cell stop time) itself using its location, beam, and satellite information.
Whether be it moving cell scenario or quasi-earth fixed scenario in LEO, the system information format is same. In case of moving cell scenario, the cell stop time can be re-purposed to provide the next TAC update time.

Observation 2. In moving cell scenario, cell stop time is not needed but TAC update mechanism is needed.

In addition, gateway switch may occur while a UE is camping in a cell whether the cell be a quasi-earth fixed cell or moving cell. Therefore, this time can also be used for gateway switch time in which case also, UE would need to find new cell or read the system information. It is sufficient the network broadcast a single time information for the earliest event, i.e., gateway switch or cell stop due to satellite movement or TAC update time.

Observation 3. In both moving cell and quasi-earth fixed cell, the cell stop time can be associated with the gateway switch time.
2.2 Why TAC update time is needed?
When the cell either enters new TA or leaves the old TA, the SIB can be considered changed because the TAC is updated to that of the new TA as shown in figure 1 below. As per following agreement, one option for network is to send short paging message to notify UE about the TAC update.

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.
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Figure 1 Example of hard TAC update
Currently network has wide range of flexibility to configure the SI modification boundary, i.e., m = modificationPeriodCoeff * defaultPagingCycle. 
modificationPeriodCoeff         ENUMERATED {n2, n4, n8, n16},
PagingCycle ::=                     ENUMERATED {rf32, rf64, rf128, rf256}

The value range is 640ms to 40.96s. Since the TAC update can be done only once in SI modification period, the granularity of the tracking area update size can be approximately 4.8km to 307.2km. For example, if network wants to configure the SI modification period of 10.24s according to its calculation of paging load, paging resource and resource for SI messages, for example, associated with paging cycle of 1.28s, then the SI change notification may need to be sent when the cell is 76.8km ahead of the tracking area boundary.

The network might want to provide with sufficient time for the UE to prepare to camp on the suitable cell with correct TAC (i.e., without requiring frequent registration update). For example, if the UE is configured with just one TAC in its registration area with the current serving cell and if the cell is going to update the TAC, the UE knows it would have to perform the registration update. The network also may want to make sure the UE does not miss the paging

Therefore, larger value of SI modification period may need to be configured and short paging message needs to be sent in every paging occasion during the modification period. Instead of doing this as a frequent event, the network could simply broadcast the next TAC update time. As described above, a new parameter does not need to be introduced and same parameter for indicating cell stop time in system information can be reused for indicating TAC update time. For this purpose, an implicit or explicit cell type indication can be used. An example is shown below.
TimeInfo-r17     

  timeInfo        OPTIONAL,      -- Need R
timeInfo                     SEQUENCE {

        timeInfoUTC                INTEGER (0..549755813887),

        dayLightSavingTime         BIT STRING (SIZE (2))           OPTIONAL,   -- Need R

        leapSeconds                INTEGER (-127..128)             OPTIONAL,   -- Need R

        localTimeOffset            INTEGER (-63..64)               OPTIONAL    -- Need R


   eventType-r17              ENUMERATED (cellStop, gatewaySwitch, TAC-Update, spare)               OPTIONAL    -- Need R

    }    
eventType
Indicates whether the indicated time is associated with cell stop or gateway switch or TAC update.                                                                         
However, as explained in [1], the time information can be provided in terms of hyper-SFN instead of using UTC time to reduce the SIB signaling overhead.

Advantages of indicating TAC update time are

(1) This indicates there will be only TAC change in the stored SIB, i.e., no other SI parameters are changed in the serving cell.

(2) The UE will have sufficient time to decide whether to select a new cell where registration update may not need to be performed.

(3) During cell reselection, if the UE finds the next TAC update is occurring soon in the selected cell, it might want to try to select the next candidate cell that has longer TAC update time.

(4) The same field used to indicate cell stop time can be re-used for indicating TAC update time.

(5) Network may still choose to use SI change notification procedure by not broadcasting the TAC update time.

Based on the above discussion, followings are proposed.

Proposal 1 If the time information is broadcast in a cell, it can be associated to either cell stop time or gateway switch time or TAC update time.

Proposal 2 If TAC update time is not provided in SIB, existing SI change notification procedure is used for the TAC change notification.

3. Conclusion

Following observations and proposals are made.
Observation 1.
In quasi-earth fixed cell scenario, cell stop time is needed but TAC update time is not needed.
Observation 2.
In moving cell scenario, cell stop time is not needed but TAC update mechanism is needed.
Observation 3.
In both moving cell and quasi-earth fixed cell, the cell stop time can be associated with the gateway switch time.
Proposal 1
If the time information is broadcast in a cell, it can be associated to either cell stop time or gateway switch time or TAC update time.
Proposal 2
If TAC update time is not provided in SIB, existing SI change notification procedure is used for the TAC change notification.
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