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1	Introduction
How to handle Tracking Area Codes (TAC) is Non-Terrestrial Networks (NTN) was discussed at RAN2#113bis and RAN2#114. The agreements taken at #113bis are as follows [1]: 
	Agreements:
1.	When the network stops broadcasting a TAC, the UE needs to know it (FFS on further details)
2.	RAN2 assume UE does not do TAU if one of the currently broadcasted TAC belongs to UE’s registration area.
3.	RAN2 confirm that in NTN when TAC change in SI happens is up to network implementation, i.e. it may not exactly sync up with real-time illumination on ground.
4.	Send a LS to CT1 and SA2, with Cc RAN3. The content is: currently RAN2 has two options on table, and the preference is “AS indicates all received TACs to NAS layer when more than one TAC per PLMN is broadcasted in NTN cell”, compared to “AS still reports only one TAC to NAS layer”, and ask for CT1’s feedback. Also include justification for RAN2 preference



while the decisions from RAN2#114 are captured below [2]:
	Agreements:
1.	Change in TAC in SIB1 triggers SI update notification procedure as legacy behaviour. It is FFS whether broadcasting TAC update time can also be considered
2.	In rel-17, other enhancements like virtual tracking area concept might be considered with low priority at the end of the WI.



Part of this topic was also consulted with CT1 and SA2 (RAN2 LS in [3]). This paper provides Nokia’s further view regarding how to progress the TAC-related aspects for Rel-17 NTN.
2	Discussion
2.1	Validity timer for Tracking Area Codes in SI
During RAN2#114 it was claimed by few companies that a timer is an essential component to be associated with the TAs in NTN. It was argued that otherwise the UE will not know when it is out of the TA and will have to unnecessarily read the SI. One of the companies warned in [4] that without such scheme being adopted, frequent update of system information will be unavoidable and as a result – paging capacity is put at risk. In our understanding, however, it is not the paging, but short message (DCI) that will be used to inform about the system information update. Thus, we do not see the point why paging capacity is the main source of concerns here.
Observation 1: Short message (DCI/PDCCH) and not the paging is used to inform about the system information update. 
In addition, it is worth noting the extreme values for user density were assumed [4] for the calculations, namely 400 UEs per km2. This may be a value typical for IoT/MTC scenarios, but not in other cases. A solid proof of that could be found in [5], where 100 UEs per square km is assumed (i.e. 4x lower value) for evaluations.
Observation 2: It is not justified to assume the density of 400 UEs per square km for NTN scenarios other than IoT/MTC. 100 UEs per km2 is a realistic assumption for potential evaluation of paging or RA capacity.
Thus, in our opinion, the typical numbers would not be so dramatic as claimed in [4], where the assumed user density did not represent the expected real-life scenario. We think the supporters of TA associated with a validity timer shall present a set of results obtained for the typical case (i.e. not the worst-case scenario in different deployment) justifying the introduction of such mechanism. In addition, it shall be underlined the paging capacity is not at risk due to the need to update the SI in NTN system.
Proposal 1: The further discussion on associating the timer with Tracking Area is pursued only if the results obtained for a typical case (e.g. based on TS 38.821 non-MTC/IoT case) show a detrimental impact on paging or RACH capacity, as argued in [4].
Based on the discussion we had so far, e.g. in [4], “the timer-based TAC validity” solution brings several complexities, such as:
· The necessity to involve NAS, as NAS controls the content of Tracking Area Information list. Thus, if the validity of TAC expires, NAS needs to trigger AS for an update
· Time validity may be signalled in a different SIB than SIB1 (e.g. in NTN SIB, carrying the ephemeris). Then the UE has to read the SIB scheduling info and decode more than a single SIB for Tracking Area purposes, causing a delay and consuming extra energy just to determine the suitability of the cell
· Eventually the time validity information will consume extra bits. In one of the proposed implementation options, it was suggested 8 bits are needed per each TAC value.
As we have already underlined, even if the UE is not updated immediately when the TAC is removed from the System Information, but only at the SI modification boundary, it still does not mean the UE is lost and the network does not know how to reach or where to possibly page such UE. The network shall still know its recent/preceding TAC, etc. 
Observation 3: Even if the UE does not update its TAC based on the change in what is broadcasted in SI, the network can still know where to page the UE.
As already agreed in RAN2, the UE does not perform any Tracking Area Update or Registration Update as long as its TAC is still broadcasted, no matter if other TACs have changed in that SI.
Observation 4: UE does not perform TAU/Registration Update when its current TAC is still broadcasted in SI.
Thus, in many cases the fact that UE is not immediately updated with changed System Information does not matter, as its TAC is still there, even if other TACs have changed.
Observation 5: No immediate awareness of the change in System Information is acceptable in many cases, especially when UE’s TAC remains to be broadcasted, while just the other TACs have disappeared.
This all brings us to the conclusion that the legacy mode of operation, where TAC is not equipped with a time validity information, can work, even if it was not designed specifically to address the NTN use case.
Proposal 2: Tracking Area Update for NTN are not associated with a time validity information. 
2.2 	One or multiple TACs indicated to NAS
Another aspect related to TACs in NTN is what shall be sent to NAS from AS when there is more than a single TAC per PLMN. RAN2 has listed two options and shared them with CT1 and SA2 in [3]:
· Option 1: AS still reports only one TAC for one PLMN even if more than one TACs per PLMN are broadcasted in an NTN cell.
· Option 2: AS indicates all received TAC(s) for one PLMN to NAS layer.
 
In RAN2 there was a clear preference for Option 2 as it removes the burden of selecting the right TAC from our WG. SA2 and CT1 have analysed our doubts and responded to RAN2 LS in [6] and [7], respectively. In a nutshell:
· SA2 [6] admits Option 2 is doable, while stating Option 1 is simpler as it does not require updates for NAS. At the same time they point at CT1, in their opinion, a group responsible for verifying Stage-3 requirements and the ultimate feasibility of Option 2. SA2 also sees a risk of Option 1, where a non-optimal TAC is selected and is signalled to NAS.
· CT1 [7] states Option 2 is feasible, but they ask, in addition to the registration area, what should be taken into account by the NAS in selecting a single TAC from multiple TACs indicated by AS. 
It seems we can conclude Option 2 is doable, but we should not leave CT1 alone with the issue what to consider for selecting out of multiple TACs.
Proposal 3: RAN2 concludes that Option 2 is the baseline for NTN: AS indicates all received TACs for one PLMN to NAS layer.
However, RAN2 shall further discuss what indicate to CT1, with the aim to support the TAI selection based on multiple TACs received from AS layer.
Proposal 4: RAN2 is asked to discuss what factors can be possibly considered for TAI selection when multiple TACs are received from AS layer.
Examples of the factors could be (non-exhaustive list):
-	registration area;
-	forbidden tracking areas;
-	service area restrictions; and
-	local area data network (LADN) information.
All these factors are available in the NAS layer.
2.3 	Virtual tracking area and other TAC-related enhancements
The topic of Virtual Tracking Areas (VTAs) was handled, among the others, in [8] and during the meeting discussion [2]. The support for this solution is rather minor in RAN2, while the discussion whether to consider it consumed already a non-negligible amount of time. It has been debated multiple times and the clear majority has not found any benefits of applying VTAs, even after deeply studying the paper in [8]. We also found this solution rather complex and just shifting some problems to other entities (as we have commented e.g. in [4]). 
As we have approximately 2 or 3 RAN2 meetings to finalize the NTN Rel-17 design, it is eventually high time to focus on essentials in our work and increase our efficiency. The discussion on redundant aspects, not related to basic functionality shall be strictly avoided.
Proposal 5: VTAs and other non-essential parts of TA discussion are not considered in Rel-17 NTN.
3	Conclusion
This paper considered TAC handling in Non-Terrestrial Networks. The following observations and proposals have been made:
Observation 1: Short message (DCI/PDCCH) and not the paging is used to inform about the system information update. 
Observation 2: It is not justified to assume the density of 400 UEs per square km for NTN scenarios other than IoT/MTC. 100 UEs per km2 is a realistic assumption for potential evaluation of paging or RA capacity.
Proposal 1: The further discussion on associating the timer with Tracking Area is pursued only if the results obtained for a typical case (e.g. based on TS 38.821 non-MTC/IoT case) show a detrimental impact on paging or RACH capacity, as argued in [4].
Observation 3: Even if the UE does not update its TAC based on the change in what is broadcasted in SI, the network can still know where to page the UE.
Observation 4: UE does not perform TAU/Registration Update when its current TAC is still broadcasted in SI.
Observation 5: No immediate awareness of the change in System Information is acceptable in many cases, especially when UE’s TAC remains to be broadcasted, while just the other TACs have disappeared.
Proposal 2: Tracking Area Update for NTN are not associated with a time validity information.
Proposal 3: RAN2 concludes that Option 2 is the baseline for NTN: AS indicates all received TACs for one PLMN to NAS layer.
Proposal 4: RAN2 is asked to discuss what factors can be possibly considered for TAI selection when multiple TACs are received from AS layer.
Proposal 5: VTAs and other non-essential parts of TA discussion are not considered in Rel-17 NTN.
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