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1. Introduction
In this paper, we share some understanding on the tracking area management for earth moving cells.
2. [bookmark: _Toc12718547]Discussion
2.1. Tracking area management in NR
In NR, a tracking area is identified by a TAI which is constructed from a TAC and a PLMN identifier broadcast in system information from the cells in the tracking area while registration area is defined as a set of tracking areas and each of these tracking areas consists of one or more cells that cover a certain geographical area.


Figure 1. Initial Registration procedure in NR
As shown in figure1, when UE initiate registration procedure for initial registration, a Registration Request message is sent to network. If the registration is accepted, the AMF shall assign and include a TAI list as a registration area the UE is registered to in the Registration Accept message. 


Figure 2. Mobility Registration Update procedure in NR
UE derives the TAI based on the TAC and PLMN ID received via system information and detects whether it has entered a tracking area which is not in the TAI list that the UE previously registered in the AMF. When the UE detects entering a tracking area not in the list of TAIs that the UE previously registered in the AMF, a mobility registration update procedure will be triggered. The AMF may 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. 
2.2. Tracking area management for earth moving cells in NTN
In NTN, earth fixed Tracking area is assumed with Earth fixed and moving cells in this WI [1]. During the SI phase, the following two approaches have been evaluated and agreed to be further studied during WI phase for earth moving beam [2]:
· Approach 1: For the case when UE location information is unavailable, 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 while the cells sweep on the ground.


Figure 3: An example of updating TAC and PLMN ID in real-time for earth moving beam
For approach 1, network needs to derive the geographical area it covers to derive the TAC and update the system information accordingly.
Furthermore, two options have also been evaluated during the SI phase on the details of broadcasting the TAC when the cells sweep on the ground.
· "hard switch" option: one cell broadcast only one TAC per PLMN.
· "soft switch" option: one cell can broadcast more than one TACs per PLMN.
· Approach 2: For the case when UE location information is available, the earth is divided into a lot of geographical areas and each geographical area is mapped to a certain TAC and the mapping between TAC and location information is kept on both UE side and network side. UE derives the TAC based on its location information and initiates TAU procedure if it detects entering a tracking area that is not in the list of tracking areas that the UE previously registered to.
For approach 2, there is no need for the network to broadcast the TAC and update it when the cell moves. During initial registration, UE derives the TAC based on its location and reports a list of TAIs to network via Registration Request message during initial registration. 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 4.Initial registration procedure with TAC derived from UE side 
When UE moves to a new geographical area, as shown in figure 5, UE derives the TAC based on its location information and the mapping rule between the geographical area and TAC. If UE detects entering a tracking area that is not in the list of tracking areas that the UE previously registered in the CN, 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 5. Mobility Registration Update procedure based on the TAC derived from UE side 
Observation 1: The following two approaches have been evaluated and agreed to be further studied during WI phase for tracking area management in earth moving cells:
· Approach 1: For the case when UE location information is unavailable, 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 while the cells sweep on the ground.
· Approach 2: For the case when UE location information is available, the earth is divided into a lot of geographical areas and each geographical area is mapped to a certain TAC and the mapping between TAC and location information is kept on both UE side and network side. UE derives the TAC based on its location information and initiates TAU procedure if it detects entering a tracking area that is not in the list of tracking areas that the UE previously registered to.
Observation 2: Hard switch and soft switch are candidate options on the details of broadcasting the TAC for Approach 1.
· "hard switch" option: one cell broadcast only one TAC per PLMN.
· "soft switch" option: one cell can broadcast more than one TACs per PLMN.
During email discussion[POST111e][910][NTN] Impacts of earth fixed and moving beams [3], there has been discussion on the tracking area management for earth moving beams, in which companies are invited to share preference for hard or soft TAI. With the above clarification on the background and agreements made in SI phase, we understand that we should discuss adopting approach 1 and approach 2 first before agreeing on the details of approach 1.
Proposal 1: Adopting Approach 1 and approach 2 should be discussed and decided before agreeing on the details of any approach.
Considering that UE with GNSS capability is assumed in this WI, approach 2 is applicable to all the UEs with limited impact on the existing procedure. Furthermore, since no TAC is needed in system information for approach 2, network does not need to derive the TAC and update system information when cell sweeps, reducing the signaling overhead in updating the TAC. Thus, approach 2 is preferred from our perspective.
Proposal 2: Approach 2 shall be supported for earth moving cells:
· No TAC is broadcast in system information.
· The earth is divided into a lot of geographical areas and each geographical area is mapped to a certain TAC and the mapping between TAC and location information is kept on both UE side and network side. 
· UE derives the TAC based on its location information to construct TAI and initiates Registration update procedure if it detects entering a tracking area not in the TAI list that the UE previously registered to.
Considering that tracking area management impacts also SA2 and CT1, an LS should be sent to SA2 and CT1 with RAN3 in CC if any conclusion is made in RAN2.
Proposal 3: An LS should be sent to SA2 and CT1 with RAN3 in CC to inform RAN2 decision on tracking area management.
3. Conclusion and proposals
With the above analysis, we have the following observations and proposals:
Observation 1: The following two approaches have been evaluated and agreed to be further studied during WI phase for tracking area management in earth moving cells:
· Approach 1: For the case when UE location information is unavailable, 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 while the cells sweep on the ground.
· Approach 2: For the case when UE location information is available, the earth is divided into a lot of geographical areas and each geographical area is mapped to a certain TAC and the mapping between TAC and location information is kept on both UE side and network side. UE derives the TAC based on its location information and initiates TAU procedure if it detects entering a tracking area that is not in the list of tracking areas that the UE previously registered to.
Observation 2: Hard switch and soft switch are candidate options on the details of broadcasting the TAC for Approach 1.
· "hard switch" option: one cell broadcast only one TAC per PLMN.
· "soft switch" option: one cell can broadcast more than one TACs per PLMN.
Proposal 1: Adopting Approach 1 and approach 2 should be discussed and decided before agreeing on the details of any approach.
Proposal 2: Approach 2 shall be supported for earth moving cells:
· No TAC is broadcast in system information.
· The earth is divided into a lot of geographical areas and each geographical area is mapped to a certain TAC and the mapping between TAC and location information is kept on both UE side and network side. 
· UE derives the TAC based on its location information to construct TAI and initiates Registration update procedure if it detects entering a tracking area not in the TAI list that the UE previously registered to.
Proposal 3: An LS should be sent to SA2 and CT1 with RAN3 in CC to inform RAN2 decision on tracking area management.
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1. Overall Description:

RAN2 has discussed tracking area management for earth moving cells and agreed that the following approach shall be supported:
The earth is divided into a lot of geographical areas and each geographical area is mapped to a certain TAC and the mapping between TAC and location information is kept on both UE side and network side. UE derives the TAC based on its location information to construct TAI and initiates Registration update procedure if it detects entering a tracking area not in the TAI list that the UE previously registered to.

2. Actions:

RAN2 kindly asks SA2, CT1 and RAN3 to take the above into consideration.

3. Date of Next TSG-RAN WG2 Meetings:
RAN2#113           	2021-01-25	2021-02-05	Online Meeting
[bookmark: _GoBack]RAN2#113-bis        2021-04-12	2021-04-20	Online Meeting
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