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1. Introduction
For LEO earth moving cell, one of the issues is how to update TAI of the cell, which has been described in TR [1] and discussed further in the post RAN2 #111e email discussion “Impacts of earth fixed and moving beams”. there are mainly two options: 
· Hard TAI update 
· Soft TAI update
In this contribution, we analyze issues of these two options and provide our preference. Two other options (VTA and Geo-based TA) would need more explanation from proponent companies for further consideration.
2. Discussion
2.1. Hard TAI update 
With hard TAI update, one cell broadcasts only one TAC per PLMN. The new TAC replaces the old TAC after the cell moving into new TA at some point of time. In the figure 1 below, for simplicity, we assume the TAI update happens when the entire cell moves into the new TA i.e. at the time T2. 


Figure 1: Hard TAI update in case TA size is much bigger than the cell size
This creates a fluctuation area at the border area as marked in figure 1, the size is approximately equal to the cell size. The UE in this area will see an old cell broadcasting TA2 moving away and a new cell broadcasting TA1 moving in, it will see TAC changing like TAC2-> TAC1-> TAC2. This could be seen as a UE travelling forward and backwards between two cells with different TACs very fast. Hence, all the UEs in the fluctuation area should be configured a Registration Area (RA) including both TA1 and TA2 to avoid unnecessary TAU.  
By Including both TA1 and TA2 into the UE’s Registration Area (RA), it means whenever the CN needs to page the UE in the fluctuation area, it will send paging message over both TA1 and TA2. This will increase the paging load. Assuming the size of the TA is 4 times that of the cell size/fluctuation area size, with the same UE density everywhere, the paging load will increase 25% over all cells in TA1 and TA2.
Since TA size plays a big factor on the increased paging load, let us look at another extreme case where TA size is equal to cell size as shown in figure 2. Fluctuation area will be over everywhere, every UE will be configured a RA including two TAC. The paging load will be double on every cell. 


Figure 2: Hard TAI update in case TA size is equal to the cell size
As noted, this allows no change on the current specification, i.e. the gNB still broadcasts one TAC per cell per PLMN as terrestrial network at a time, and current NGAP procedure can be reused, i.e. the INITIAL UE MESSAGE contains one TAI of the serving cell. 

2.2 Soft TAI update 
With soft TAI update, one cell can broadcast more than one TACs per PLMN. as shown in figure 3 below, the cell adds the new TAC in its system information when the cell moves into TA2, i.e. at time T1, and removes the relevant TAC when the cell move entirely out of the TA1, i.e. at time T2. 


Figure 3: soft TAI update in case TA size is much bigger than the cell size
UEs in marked area 1(blue) will see TAC changing like TAC2-> (TAC2, TA1)-> TAC2, UEs in marked area 2(red) will see TAC changing like TAC1-> (TAC2, TA1)-> TAC1. This will also avoid unnecessary TAU.  
However, by broadcasting both TAC1 and TAC2 in the cell, it means whenever CN needs to page any UEs in either TA1 or TA2, it will send paging message over the blue cell which is moving cross the border and broadcasting both TA1 and TA2. Paging load of this cell will be doubled comparing with other cells which are not in the border area. 
We also investigate the extreme case where the TA size is equal to the cell size as shown in figure 4. Essentially, all cells will broadcast two TAC, and their paging load will be doubled.


Figure 4: Soft TAI update in case TA size is equal to the cell size

As noted, a soft TAI update will request specification changes to enable one cell to broadcast multiple TAC per PLMN. Moreover, since the UE will reads two TAC from one cell, we need to discuss how this will impact the registration area update and so on, e.g. whether both TAI should be provided to CN, and if not, Which TAI is to be provided to CN on NG interface.
Please note that all above analysis regarding soft/Hard TAI update is only a theoretical analysis. In reality, at the border area, the border line will be much more irregular, and it is likely that there will be more than two neighbouring TA, which will make the issue worse, as seen in the example shown in TR38.821 figure 8.2.2-3.
3. Conclusion
In this contribution, we analyzed soft TAI update and hard TAI update. Both options can avoid unnecessary TAU, and both options will have increased paging load. However, softer TA update request more specification change and it will cause significant paging load increase for the cell broadcasting more than one TAC. On the contrary, hard TAI update option will increase the paging load less and more equally distributed over the network. A hard TAI update also wouldn’t require specification change. There are two other solutions proposed during email discussion, more explanation could be needed for further discussion. Based on our analysis, as of now we propose: 

Proposal: As a baseline, RAN2 to support a hard TAI update, i.e. an NTN cell only broadcasts one TAI per PLMN at a time. 
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