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1. Introduction
At RAN2#105bis, the tracking area management has been discussed and the following two FFS have been left in the agreed TP [1]:
Editor’s note: FFS enhancements on UE assistance information in tracking area management in Approach 1.
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.
In this contribution, we share some further consideration on the above two FFS.
2. Discussion
2.1. UE assistance information in tracking area management
· Issue 1: What kind of UE assistance information is provided to network? 
In Approach 1: For the case when UE location information is unavailable, the Rel-15 NR registration area update (can also be called as TAU) procedure is applied. UE triggers registration area update procedure when it moves out of the registration area. As shown in Figure 1, the last visited TAI will also be reported to network as assistance information to help decide the registration area for UE.


Figure 1. Mobility Registration Update procedure in NR
In NTN, more usage scenarios, e.g. vehicular connectivity and airplanes connectivity with are considered in which UE are moving at a high speed on earth. As mentioned in the TR [2], the max UE speed is 250km/h for vehicular connectivity and 1000 km/h for airplanes connectivity. It can be possible that UE has moved across more than one tracking area when the TAU is triggered. 
In addition, as the tracking area is now fixed on earth, the moving UEs especially those who moves in a fixed line are able to predict the incoming TAIs. Thus, a TAI list which includes the last visited TAIs and the possible incoming TAIs can be determined based on the observation in UE side and provided to network as assistance information to help network update the registration area for UE.
Proposal 1: 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.
· Issue 2: When UE assistance information is provided to network?
One option to follow the same procedure in NR. As shown in Figure 2, when UE detects that it has move out of the registration area, the UE assistant TAI list will be provided to UE via Registration Request.


Figure 2. Mobility Registration Update procedure with UE assistant TAI list
Another option is to trigger the registration area update procedure when UE detects that the assigned registration area is too large for UE. The UE assistant TAI list will then be provided to network via Registration Request to help network reduce the TAIs in the registration area so that the paging payload in the network side can be reduced.
From our perspective, both options are useful and should be considered.
Proposal 2: The UE assistant TAI list should be provided to network via Registration Request when UE detects it has moves out of the registration area or when UE detects the current registration area is too large.
2.2. Utilization of UE location in tracking area management
Since the tracking area is fixed on earth, the earth can be divided into a lot of girds and each grid is mapped to a certain TAC. It is possible for UE to derive the TAC base on its own location when the UE location is available in UE side. 
Proposal 3: The earth is divided 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.


Figure 3.Initial registration procedure with TAC derived from UE side
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 may confirm 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. 


Figure 4. Mobility Registration Update procedure based on the TAC derived from UE side
Proposal 4: UE derives the TAC based on the location information and the mapping rule between the geographical area and TAC and forms the TAI based on the TAC derived from UE side and the broadcast PLMN ID.
Proposal 5: Agree the text proposal.
3. Conclusion and proposals
With the above analysis, we have the following observation and proposals:
Proposal 1: 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.
Proposal 2: The UE assistant TAI list should be provided to network via Registration Request when UE detects it has moves out of the registration area or when UE detects the current registration area is too large.
Proposal 3: The earth is divided into a lot of girds and each grid is mapped to a certain TAC.
Proposal 4: UE derives the TAC based on the location information and the mapping rule between the geographical area and TAC and forms the TAI based on the TAC derived from UE side and the broadcast PLMN ID.
Proposal 5: Agree the text proposal.
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5. Text Proposal
7.3.1.2 Moving Tracking Area for NTN LEO, Scenario C2 and D2    
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. 
6. 

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.
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.

Editor’s note: FFS enhancements on UE assistance information in tracking area management in Approach 1.
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
The earth is divided 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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