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1 Introduction- Impact of Beams
RAN2 has discussed the impacts of beams in [1]. Furthermore, the agenda for the RAN2-1143bis-e has identified TAC update aspects as part of the Agenda Item 8.10.3.1. The topic of TAC management was partially discussed in RAN2#113e meeting in January 2021 and RAN2#113bis-e meeting in April 2021.  The soft TAC update approach that is currently preferred by the majority of companies has several shortcomings. This contribution addresses selected challenges and proposes candidate solutions.  
2 Discussion
We would like to offer some observations and related proposals related to the soft TAC update approach. 
2.1 Tracking Area Management
RAN2 has decided to support Earth-fixed Tracking Areas (TAs) to simplify the TA management in an NTN, even when the beams are not Earth-fixed all the time. In particular, when beams are quasi-Earth-fixed or Earth-moving, the relationship between (i) the beam (and hence the cell associated with such beam) and (ii) the geographic area that the beam is illuminating keeps changing as a function of time. When beams are quasi-Earth-fixed, they illuminate a given geographic area on Earth during one period and then illuminate a different geographic area on Earth during a different period. Such quasi-Earth-fixed beams are created by the platform (e.g., a LEO satellite) using steerable beams.  In case of Earth-moving beams, the beams keep illuminating a different geographic area from one instant to the next. 

There are different approaches to ensure that the TA is fixed on Earth for a given (stationary) UE to facilitate paging. Two approaches have been discussed during the normative phase of the NTN- hard TAC update and soft TAC update. In the basic hard TAC update that simply follows the legacy R16 approach, the gNB broadcasts a single TAC/TAI in a cell. Since an NTN cell may illuminate multiple TACs, the hard TAC approach requires the gNB to pick one TACs that it is illuminating. In particular, in case of moving cells, such hard TAC approach will result in (even stationary) UEs doing TAC updates, leading to a Tsunami of RRC and NAS signaling unless elaborate mechanisms are developed.  

In the soft TAC update approach, an NTN cell broadcasts multiple TAIs as a function of time. For example, an NTN cell broadcasts one set of TAIs covering the geographic area being illuminated by the cell’s beam(s) at the instant t1 and a different set of TAIs covering the geographic area being illuminated by the cell’s beam(s) at the instant t2.

In a Terrestrial Network, a cell broadcasts a single Tracking Area Identity (TAI) of the Tracking Area where the cell is located. However, in an NTN, the movement of cells lead to complexities of the TAI management. Examples of TAI management approaches include Soft TAI Update and Hard TAI Update. In the Soft TAI Update approach, an NTN cell broadcasts multiple TAIs depending upon the coverage area of cell at a given instant. In the hard TAI Update approach, an NTN cell broadcasts only one TAI.
TAI Update Challenges for Earth-moving Beams
A TA on the ground cannot always match the beam of an NTN cell in practice. Hence, an NTN cell needs to change its SIB1 containing the TAIs to reflect the TAs being illuminated by the beam. The changes in the broadcast TAIs occur anytime as the cell with the Earth-moving beam covers different geographic areas at different instants. However, a SIB has a certain time window (e.g., 160 ms) and SIB1 is not typically changed within the target time window. This would lead to inaccurate understanding or interpretation of broadcast TAIs at the UE. For example, a UE may be in TA1 but the cell may be indicating TA2 in SIB1 because the gNB was not illuminating TA2 when it had created SIB1. Note that a UE observing a new cell needs to find its TAC in the TAC list being broadcast by the new cell although such TAC might not have been illuminated by the cell when such SIB was created by the gNB. 
Per RAN2 agreement in April 2021 meeting [5]:

1. RAN2 assume UE does not do TAU if one of the currently broadcasted TAC belongs to UE’s registration area.

Observation 1. If a UE does not find the Earth-fixed TAI corresponding to its current position in the TAIs broadcast by the gNB, it will have to do a TAU. 
Proposal 1. The gNB should broadcast TACs such that a UE would always find its correct TAC in the TAC list broadcast by the gNB. This requires the gNB to broadcast the TACs that would be illuminated when the SIB was created as well as the TACs that would be illuminated in a period that spans at least the entire SIB window (or possibly multiple SIB windows). 
When the gNB conveys a list of TACs for the UE to the AMF in an NGAP message (e.g., the NGAP message such as “INITIAL UE MESSAGE” in support of registration), the gNB must include the TACs that would be illuminated by its cell not only at the current instant but during the entire SIB window (and possibly multiple SIB windows). If the gNB only provides the TACs illuminated at the instant the SIB was created, it would exclude the TAC that would be illuminated at a future instant within the SIB window. The AMF would then have no knowledge of the correct TAC of the UE, and may not register the UE in the correct TAC, resulting in a paging failure.

Observation 2. If the gNB does not convey the current as well as future TACs illuminated by its cell to the AMF, a paging failure can occur. 

Proposal 2. The gNB should convey to the AMF the TACs that would be illuminated when the SIB was created as well as the TACs that would be illuminated in a period that spans at least the entire SIB window (or possibly multiple SIB windows). 

The soft TAC update requires the gNB to broadcast multiple TAIs, increasing the size of the SIB message. Since there is a finite amount of channel coding possible within the SIB window, an increased SIB message size reduces the amount of coding or protection, potentially affecting the reliability of SIB decoding at the UE. If TAIs are represented in a compact manner, the SIB size can be reduced, and, reliability of SIB decoding can be preserved.

Observation 3. The soft TAC update requires the gNB to broadcast multiple TAIs when its cell illuminates multiple TAIs in a given period.  

Proposal 3. Separate the common part and non-common (“dedicated”) part of TAIs and include the common part only once while representing the TAIs.

3    Conclusion

We have summarized our proposals below.
Proposal 1. The gNB should broadcast TACs such that a UE would always find its correct TAC in the TAC list broadcast by the gNB. This requires the gNB to broadcast the TACs that would be illuminated when the SIB was created as well as the TACs that would be illuminated in a period that spans at least the entire SIB window (or possibly multiple SIB windows). 

Proposal 2. The gNB should convey to the AMF the TACs that would be illuminated when the SIB was created as well as the TACs that would be illuminated in a period that spans at least the entire SIB window (or possibly multiple SIB windows). 

Proposal 3. Separate the common part and non-common (“dedicated”) part of TAIs and include the common part only once while representing the TAIs.
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