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1 Introduction
During the study item for non-terrestrial networks, the impact NTN on the tracking area update procedures have been discussed. Due to several issues with moving tracking areas, it was recommended to have tracking areas fixed on earth [1].
In this contribution, we discuss solutions for implementing earth fixed tracking areas with moving cells in NTN, with minimal impact to the specifications and existing AS and NAS procedures.
2 Discussion
A mobile network operator (PLMN) divides its network into tracking areas (TAs) [2], which are composed of one or more cells. The network can page the UE on the TAs that it is currently registered to. Each cell broadcasts the TA code (TAC) that the cell belongs to for a particular PLMN in the system information message (SIB1). On initial registration, the network provides a list of TACs and corresponding PLMNs that the UE is registered to in the Registration Accept message. When the UE reselects to a new cell, it checks the TAC and PLMN list broadcast by the cell. If the TAC and PLMN list does not contain any of the TAC and PLMNs that the UE is currently registered to, the UE initiates a tracking area update procedure (called registration procedure for mobility in 5GC) by sending a Registration Request message [3].
In NTN, if the cells are moving with respect to earth, and if the existing terrestrial network principles are applied, the TAs will also move.
Some issues with the moving tracking areas were discussed in the study item and captured in TR 38.821 [1]:
1. When a UEs reselect to a cell which is not broadcasting any of the tracking area code (TAC) and PLMNs that the UE has been registered to, it initiates tracking area update (TAU) procedure. This means that as the boundary between two TAs sweeps the earth, all UEs moving from one TA to another will initiate TAU, and this will cause a large signalling load. This can be illustrated in Figure 1 below.

· At time T1, the red UEs were registered to TAC0 and blue UEs were registered to TAC1.
· At T2, red UEs move from Cell0 to Cell1, and detect that the TAC changes from TAC0 to TAC1. Similarly blue UEs move from Cell1 to Cell2, therefore from TAC1 to TAC2. 
· Due to detecting a TAC change, the red and blue UEs initiate TAU procedure.


[bookmark: _Ref46500647]Figure 1 TAU with moving cells (legacy)
2. In order to reduce the signalling load, one alternative is to extend the area covered by each TAC. However this will increase the number of UEs served within each tracking area and therefore the paging load for the network for each tracking area. This is illustrated in Figure 2 below.
· At time T1, both red and blue UEs were registered to TAC0 that covers Cell0 and Cell1. 
· At T2, red UEs move from Cell0 to Cell1, but the TAC does not change. The blue UEs move from Cell1 to Cell2, and the TAC changes from TAC0 to TAC1.
· As a result, only the blue UEs initiate TAU procedure.
· However this comes at the cost of covering more UEs per TA.


[bookmark: _Ref46500667]Figure 2 TAU with moving cells (legacy) with larger TAs
To avoid these issues, tracking areas that are fixed on earth were recommended by RAN2 during the SI for NTN in TR 38.821 [1].
As noted above, if the cells move with respect to the earth but do not update the TAC that they are broadcasting, then the earth fixed tracking areas cannot be achieved. Therefore it is necessary to update the TACs that the cells are broadcasting they move across TAs. Two solutions were discussed during the study item to achieve this objective.
In one solution, the cell could update the TAC it is broadcasting as it moves from one TA to another TA that are fixed on earth. This is the “hard switch” option that was described in the TR 38.821. But this option has the drawback that there will be some fluctuation of TAC around the boundary between the two TAs. The UEs located around the boundary areas between the two TAs will continuously trigger TAUs.
This issue can be illustrated in Figure 3 below.
· When the cells move across the boundaries (dashed lines), they update the TAC that they are broadcasting.
· At time T1, red UEs are registered to TAC0, and the blue UEs are registered to TAC1. 
· At T2, the UEs change cells and TACs, and initiate TAU. 
· At T3, the cells move across the boundary for another TAC, and update the TACs that they are broadcasting. If the UEs read the system information (for example due to a SI change indication), the UEs will initiate another TAU as the TAC will have changed for them again.


[bookmark: _Ref46500686]Figure 3 TAC updated with moving cells ("hard switch" option)
Another solution is to allow one cell to broadcast more than one TAC per PLMN. This is the “soft switch” option captured in TR 38.821.
The “soft switch” option can be implemented with the following principles:
1. Earth’s surface is divided into TA regions (could be called e.g. the primary region for a TAC).
2. When a cell enters a region that is not covered by any of the TACs it is broadcasting, it adds the TAC to the list it is broadcasting in its system information.
3. When the cell exits the primary region for a TAC, it stops broadcasting that TAC in its system information.
4. The UE is registered to one TAC as in legacy. As mentioned above, it is provided by the network to the UE in the Registration Accept message. This should be the TAC that the cell is moving towards.
5. When the UE detects that it has moved to a cell that is not broadcasting the TAC that it is registered to, it initiates TAU.
This can be illustrated in Figure 4 below.
· In this example, one primary TAC region has the same size as one cell.
· At T1, the UE is in Cell1, and is registered to TAC2. The network selects TAC2 because the cell is moving away from the TAC3 region to the TAC2 region. TAC2 is indicated to the UE in the Registration Accept message.
· At T2, the UE reselects to Cell2. Because Cell2 has now entered the primary region for TAC2, it has already started broadcasting TAC2 in its system information. The UE finds that the TAC that it is registered to (TAC2) is broadcast in the system information, and therefore does not initiate the TAU procedure.
· At T3, the UE moves to a different primary TAC region (TAC3) and reselects to Cell4. This time, it does not find the TAC it is registered to (TAC2) in the TACs that Cell4 is broadcasting (TAC3 and TAC4), and initiates TAU procedure.


[bookmark: _Ref46500709]Figure 4 Multiple TACs broadcast and updated with moving cells ("soft switch" option)
If the primary TAC regions are smaller than the cell size, a cell spanning a single TAC region would broadcast one TAC per PLMN. This is illustrated in Figure 5 below.
· In this example, one primary TAC region is larger than one cell.
· At T1, the UE is in Cell3, and is registered to TAC2.
· At T2, the UE reselects to Cell4. Because Cell4 has now entered the primary region for TAC2, it has already started broadcasting TAC2 in its system information. The UE finds that the TAC that it is registered to (TAC2) is broadcast in the system information, and therefore does not initiate the TAU procedure.
· At T3, the UE moves to a different primary TAC region (TAC3) and reselects to Cell6. This time, it does not find the TAC it is registered to (TAC2) in the TACs that Cell6 is broadcasting (TAC3 only), and initiates TAU procedure.



[bookmark: _Ref46500723]Figure 5 "Soft switch" example with TA regions larger than cell size
During the NR NTN study item, it was pointed out that, with the “soft switch” option, one cell would be broadcasting more than one TAC, and therefore the paging load for the cell would increase.
However, this problem exists in the “hard switch” option as well. In Figure 3 above, if the UEs do not read the system information between T2 and T3, they will not be aware that the TAC has changed. On the other hand, the network does not know if the UEs have read the system information or not. Therefore the network has to page the UEs that have been registered to the “previous” TAC on those cells (for example, at time T3 in Figure 3, the red UE on Cell1 and the blue UE on Cell2, even though they may still be registered to TAC1 and TAC2 respectively).
Therefore, with both “hard switch” and “soft switch” options, if a cell partly covers a TA region on the ground, all UEs that are registered to that TA need to be paged on that cell.
Observation 1: With both the “hard switch” and “soft switch” options, if a cell partly covers a TA region on the ground, all UEs that are registered to that TA need to be paged on that cell.
Note that currently only one TAC can be broadcast by a cell per PLMN as specified in TS 38.331 [4]:
SIB1 ::=        SEQUENCE {
    cellSelectionInfo                   SEQUENCE {
        q-RxLevMin                          Q-RxLevMin,
        q-RxLevMinOffset                    INTEGER (1..8)                                              OPTIONAL,   -- Need S
        q-RxLevMinSUL                       Q-RxLevMin                                                  OPTIONAL,   -- Need R
        q-QualMin                           Q-QualMin                                                   OPTIONAL,   -- Need S
        q-QualMinOffset                     INTEGER (1..8)                                              OPTIONAL    -- Need S
    }                                                                                                   OPTIONAL,   -- Cond Standalone
    cellAccessRelatedInfo               CellAccessRelatedInfo,

CellAccessRelatedInfo   ::=         SEQUENCE {
    plmn-IdentityList                   PLMN-IdentityInfoList,

PLMN-IdentityInfoList ::=               SEQUENCE (SIZE (1..maxPLMN)) OF PLMN-IdentityInfo

PLMN-IdentityInfo ::=                   SEQUENCE {
    plmn-IdentityList                       SEQUENCE (SIZE (1..maxPLMN)) OF PLMN-Identity,
    trackingAreaCode                        TrackingAreaCode                                            OPTIONAL,       -- Need R

plmn-IdentityList
The plmn-IdentityList is used to configure a set of PLMN-IdentityInfoList elements. Each of those elements contains a list of one or more PLMN Identities and additional information associated with those PLMNs. A PLMN-identity can be included only once, and in only one entry of the PLMN-IdentityInfoList. The PLMN index is defined as b1+b2+…+b(n-1)+i for the PLMN included at the n-th entry of PLMN-IdentityInfoList and the i-th entry of its corresponding PLMN-IdentityInfo, where b(j) is the number of PLMN-Identity entries in each PLMN-IdentityInfo, respectively.
Therefore, in order to support the “soft switch” option, i.e. multiple TACs broadcast per PLMN per cell, some updates in the specifications are required.
Observation 2: To support the “soft switch” option with multiple TACs broadcast per PLMN per cell, some specification updates are necessary.
The “soft switch” solution, with multiple TACs broadcast per PLMN per cell, provides a good balance between complexity and efficacy and therefore should be adopted by RAN2.
Proposal: To implement tracking areas fixed on earth with moving cells, the “soft switch” option is used, i.e. each cell can broadcast more than one TAC per PLMN. The TACs that the cell is broadcasting are updated as the cell moves between TAC regions.

3 Conclusion
In this contribution, we have the following observations and proposals regarding the tracking area update procedures with moving cells in NTN:
Observation 1: With both the “hard switch” and “soft switch” options, if a cell partly covers a TA region on the ground, all UEs that are registered to that TA need to be paged on that cell.
Observation 2: To support the “soft switch” option with multiple TACs broadcast per PLMN per cell, some specification updates are necessary.
Proposal: To implement tracking areas fixed on earth with moving cells, the “soft switch” option is used, i.e. each cell can broadcast more than one TAC per PLMN. The TACs that the cell is broadcasting are updated as the cell moves between TAC regions.
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