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7.3.1.2 Moving Tracking Area for NTN LEO, Scenario C2 and D2    
[bookmark: _GoBack]Moving tracking area means that the tracking area sweeps over the ground as the cells move. Due to high speed movement of satellite, the satellite beam and therefore the cell providing coverage for an earth stationary UE will be changed frequently. As a result, a stationary UE would have to keep performing Registration area update (can also be called as tracking area update, i.e. TAU) in RRC_IDLE state. For each Registration area update, the UE needs to initiate connection with the network. For Rel-15 NR this requires 4-steps of the random access procedure followed by some RRC message exchange over the service link. This can become a non-acceptable overhead if all IDLE mode UEs in the registration area need to perform tracking area update (TAU) frequently as the LEO satellite passes by. If the geographical area covered by the Registration area is large, this issue may become slightly less severe. However, size of the Registration area and paging capacity forms a trade-off as the UE may need to be paged via all cells belonging to the Registration area and thus the paging capacity may become an issue when network initiated calls arrive. 
7.3.1.3 Fixed Tracking Area for NTN LEO, Scenario C2 and D2
7.3.1.3.1 Approach 1: For the case when UE location information is unavailable
In order not to have TAU performed frequently by the UE triggered by the satellite motion, the tracking area may be designed to be fixed on ground. For NTN LEO, this implies that while the cells sweep on the ground, the tracking area code (i.e. TAC) broadcast is changed when the cell arrives to the area of next planned earth fixed tracking area location.
The TAC, or a list of TACs, broadcast by the gNB needs to be updated as the gNB enters to the area of next planned tracking area. When the UE detects entering a tracking area that is not in the list of tracking areas that the UE previously registered in the network, a mobility registration update procedure will be triggered. 
1. 

Figure 7.3.1.3.1-1. An example of updating TAC and PLMN ID in real-time for scenario C2 and D2
As shown in Figure 7.3.1.3.1-1, network update the broadcast TAC in real time according to the ephemeris and confirm the broadcast TAC is associated with the geographical area covered by the satellite beam. UE listens to TAI = PLMN ID + TAC and determines to trigger registration area update procedure based on the broadcast TAC and PLMN ID when it moves out of the registration area.
This approach allows to use Rel-15 NR network procedures and can be applied to UE with or without location information.
Two possible options should be studied to update the broadcast TAC:
“hard switch” option: one cell broadcast only one TAC per PLMN. The new TAC replaces the old TAC and there may be some fluctuation at the border area. As shown in Figure 7.3.1.3.1-2, the UE will see its TAC changing like TAC-2-> TAC-1-> TAC-2 from T1 to T3.


Figure 7.3.1.3.1-2. TAC fluctuation at the border area
“soft switch” option: one cell can broadcast more than one TACs per PLMN. The cell adds the new TAC in its system information in addition to the old and removes the old a bit later. If there is a chain of TAs, the TA list adds one TA more and removes one old while the cell sweeps the ground. This also reduces the amount of TAUs for UEs that happen to be located at the border area. However, for the “soft switch” option, the more TACs a cell broadcast, the heavier paging load it experiences, which usually leads to a significant imbalance distribution of paging load among cells. Thus, there is a trade-off between paging load and balancing the fluctuation of actual TA area enabled by the soft switch to be considered in network planning and implementation. 
Editor’s note: FFS enhancements on UE assistance information in tracking area management in Approach 1. the gNB may not be able to provide NTN service  broadcast TAC(s)In some area, the gNB may not be able to provide NTN service and thus not broadcast TAC(s).
In addition, a TAI list determined based on UE observation should be provided to network as assistance information to help network update the registration area for UE. When UE detects it has moves out of the registration area or when UE detects the current registration area is too large, the UE assistant TAI list will be provided to network via Registration Request.

7.3.1.3.2 Approach 2: For the case when UE location information is available
Editor’s note: FFS if UE location information (either obtained via GNSS or non-GNSS) is utilized in tracking area management and what is the solution in that case
One possible solution is to divide the earth into a lot of girds and each grid is mapped to a certain TAC. During initial registration, UE derives the TAC based on its location information (the mapping rule between the geographical area and the TAC value is kept both on UE side and network side), forms the TAI based on the derived TAC and broadcast PLMN ID and reports a list of TAIs to network via Registration Request message. The AMF confirms the reported TAI list and includes a TAI list as a registration area the UE is registered to in the Registration Accept message.
When UE moves to a new geographical area, UE derives the TAC based on the location information and forms the TAI based on the derived TAC and PLMN ID. If UE detects entering a tracking area that is not in the list of tracking areas that the UE previously registered to, a mobility registration update procedure will be triggered. UE reports the TAI list derived by itself to network via Registration Request message. The AMF confirms the reported TAI list and include a new TAI list for the UE in the Registration Accept message. The UE, upon receiving a Registration Accept message, shall delete its old TAI list and store the received TAI list. If there is no TAI list received, the UE shall consider the old TAI list as valid.
Editor’s note: From RAN2 perspective fixed TA should be assumed moving forward.  
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