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1. Introduction

In the C1-212840[1], RAN2 asked feasibility from NAS layer for the use of “option 2: AS indicates all received TAC(s) for one PLMN to NAS layer”. In case of using soft TAC update in SI with option2, we would like find out how the current TS24.501 specification works from mobility registration update perspective and find out if there is a problem with current operation. 
2. Discussion

Normally, in NTN, a cell has one TA. However, satellites moves along with the trajectory and in a certain time, a radio cell can indicate multiple TAs as shown below. The figure below shows which TACs are broadcasted for a satellite radio cell on the TA based UE location, when the satellite is moving.
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Figure 1 – Illustration of Soft TAC Update

At before T1 time, the UE is located in TA1 and a radio cell indicates TA1.

At T1 time, the UE is located in TA1 and a radio cell indicates TA1 and TA2. 

At T2 time, the UE is located in TA2 and a radio cell indicates TA1 and TA2.

At T3 time, the UE is located in TA2 and a radio cell indicates TA2 only.

Also, the AS layer indicates TAC update in SI to NAS layer.

At T1 time, the TACs are changed from TAC1 in TA1 to TAC1 in TA1 and TAC2 in TA2. So, at T1 time, the AS layer indicates TAC update in SI to NAS layer.

At T2 time, the TACs in SI are not changed. So, at T2 time, the AS does not indicate TAC update in SI to NAS layer.

At T3 time, the TAC in SA is changed from TAC1 in TA1 and TAC2 in TA2 to TAC2 in TA2. So, the AS layer indicates TAC update in SI to NAS layer.

NAS layer in the UE side does not know the correct T2 time.  
According to the current specification, the triggering condition for mobility registration in case of TAC update in SI is when the UE detects new TA which is not in the TA lists. At T1 time, new TA2 is detected which is not in the TA list (TA1). So, at T1 time, the UE triggers mobility registration. At T2 time and at T3 time, the UE does not trigger mobility registration. Because, at T2 time, no new TA is detected in the TA lists (T2: TAI {TA1, TA2}, T3: TAI {TA2})

When soft TAC is used, mobility registration is triggered before actual new TA is changed. Depending on the NW implementation option, some network may only configure UE as current TA not new TA. It may cause wrong configuration as the UE didn’t expected. Therefore, we have to find a way to solve this problem.
2.1 NW based solution

When NW detects that the UE is located in TA2 using ULI through N2 interface or using LCS procedure, the NW configures correct TAIs to the UE using Generic UE CONFIGURATION UPDATE message or Registration Accept message.
For example, 

At T1 time, the AMF sends Registration Accept message with information on TA1 is allowable and TA2 is not allowable.

At T2 time, the AMF sends Generic UE Configuration Update message with information on TA1 is not allowable and TA2 is allowable.

At T3 time, the AMF sends Generic UE Configuration Update message with information on TA2 is allowable.

But, the example only covers CONNECTED mode. If the UE is in IDLE mode, this solution can’t solve this problem. Because, the AMF can’t track the UE’s location without any UE’s location information (e.g. mobility registration request message).

Also, solutions above are already covered in current specification.

2.2 UE based solution for triggering MR at time T2
If the UE detects new TA which is not in the TAI lists, the UE add that TAI into the TAI list.

If the last visited registered TAI is included in the TAI list, the UE does not trigger mobility registration message.

If the UE knows the TA1 coverage and TA2 coverage and finds out which TA the UE located, based on that information, the UE can trigger mobility registration procedure when the UE is located in TA2 and TAI lists includes TA2.

However, even though network knows actual TA coverage, the NG-RAN broadcasts multiple TAs (not actual TA information) to UE. So, it is difficult to knowing actual TA coverage for the UE.

Therefore, UE based solution for triggering MR at time T2 is not preferable.
2.2 UE based solution for triggering MR at time T3

As shown figure, T2 lasts for a short time. At T2 time, the UE and network may not be in sync and triggering MR at T2 time is extremely difficult. In IDLE mode, at T3 time, the AS layer indicates TAU change in SI to NAS layer. So, in IDLE mode, the NAS layer in the UE side knows when the UE is in TA2.

In IDLE mode, if the UE indicates that the UE is in TA2 using Registration request message, the AMF can configure correct TAI to UE in proper time. Periodic registration request message can be done. But, it will be not the proper time.

The AMF can know the UE’s location using periodic registration, but it can be long. But, considering of the expensive satellite cost, rapid awareness of the UE’s location for the AMF is more efficient.
Therefore, we propose that additional triggering condition that the UE will trigger mobility registration when the UE detects deleting TA among the TAI lists that the UE previously registerd in AMF for NR satellite access.
It means that at T3, the UE will trigger mobility registration.
Therefore, we suggest this mechanism in C1-213442.
3. Proposal

As a simplest way, we would like to propose CR C1-213442.
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