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1	Introduction
Among the objectives of the Rel-17 NTN Work Item [1] one may find IDLE/INACTIVE mode aspects identified during the study phase and captured in the TR 38.821 [2]. One of such topics to be considered and addressed via specification is related to tracking areas (TAs). Other IDLE/INACTIVE aspects concern mobility, system information and UE location information. In the subsequent sections we elaborate more on those identified areas.
2	Tracking Areas – fixed or moving
In [2] it was considered whether TAs shall be fixed or moving in case of NTN. Obviously, each of those approaches has pros and cons. For example, moving TAs will be especially problematic for earth stationary UEs, which will have to execute frequent Tracking Area Updates (TAUs), despite no motion at all. 
Observation 1: Moving TAs will require mitigation of excessively frequent TAUs, also from stationary UEs.
Without any change, e.g. a LEO satellites broadcasting different TAI and remaining visible to the UE over the horizon about 1 – 2 minutes will cut short even the shortest possible Periodic Registration Update Timer value, which is 6 minutes, causing unacceptable signalling load. Some methods to overcome this problem have already been identified. Satellite gNB may update/switch the Tracking Area Code (TAC) it broadcasts each time the satellite moves in or out a TA area in order to project TAs that are fixed on the ground (please note such was the recommended conclusion in the SI). In [2] there were two different ways presented how to mitigate this switching burden: either to use a hard switch (each cell broadcasts just a single TAC in time) or soft switch (each cell can broadcast more than one TAC, each presumably covering adjacent areas). The former may lead to an increased number of updates at the border when the cell switches the broadcasted TACs while not both TACs are included in the RA of the UE. This can however easily be mitigated by including the relevant TACs in the UEs RA. The latter is not needed as including the different TACs in the RA of the UE avoids frequent updates and is already supported in the specifications as broadcasting multiple TACs will lead to increasing the paging load. Another method by which the UE is issued a predicted list of TAs that follow the expected sequence of the satellites passing above the UE location has also been documented in TR 38.821 and TR 23.737 (Solution #7). The former adds complexity in the RAN, the latter puts new requirements on the CN and the UE. Thus, the following is proposed:
[bookmark: _Hlk47091265]Proposal 1: In case of fixed TAs, gNB broadcasts just  a single TAC.
The aforementioned solutions are assuming the UE has no location information capability. However, if that is not the case, then another approach, also described in [2], is to statically divide the earth into different tracking areas, each with its unique TAC. The mapping between geographical regions and TACs would have to be predefined and stored in the UE and the NW. Each time the UE enters a new area, it needs to report it to the NW, to perform the mobility registration update. This procedure has certain drawbacks and inflexibility of statically dividing the earth area and requires the UE to always have the location capability. 
Proposal 2: Static TAC distribution globally, assuming UE’s location capability, is not considered in Rel-17 NTN.
In [4] SA WG2 has asked RAN WG2 to study several solutions for addressing possible extra-territoriality issues (i.e. over the border with multiple countries). If the UE is equipped with the positioning capability and the TAs are fixed on earth, then there seems to be no major issue, assuming the UE does not intentionally falsify its location. However, [4] also pointed out few other approaches, specifically to tackle extra-territoriality problem. Solution 12 described in [4], assumes the UE follows virtual cells, which are associated to the geographical location and not related to RF signal and its quality. This would change the mobility paradigm, followed so far in the 3GPP for all RATs. On the other hand, Solution 13 (details in [4]) presented a much simpler approach, where the UE stores a list of PLMNs and knows its home PLMN as well as its current location. The UE uses that knowledge in PLMN selection process. This is done with the assumption UE is capable of accurately assessing current whereabouts, at least precisely enough to be able to determine the country of location. Otherwise, the NW will have to enforce the UE registration to PLMN of the country of UE’s location (e.g. by receiving some location-related information from the UE when it is establishing the RRC Connection). It also remains to be addressed whether the satellite provides a single PLMN only or whether there can be multiple PLMNs provided to cater for the extra-territoriality issues. 
Proposal 3: From RAN2 point of view, extra-territoriality issue can be addressed via solution 13 [4] in the simplest manner. A follow-up LS to SA2 can be considered.
3	Other IDLE mode aspects
[bookmark: _Hlk47546842]Ephemeris information shall be used by the UE to optimize its measurements for cell reselection, as has been identified in the SI phase and captured in [2]. The obvious choice is to insert appropriate ephemeris components (listed in 7.3.6 of [2]) into the one of broadcasted system information blocks. However, it needs to be decided what information and what accuracy should be provided/ensured directly via SIBs and how the UE applies that.
[bookmark: _Hlk47607899]Proposal 4: Discuss and decide what ephemeris related information is included in SIBs and how the UE makes use of it.
It shall be considered whether there is any ephemeris related information that could be known to the UE before it even starts decoding the system information. Namely - what can be preloaded to the UE. There are certain static components in the ephemeris, e.g. predetermined orbits where the satellites are moving, which can be known in advance and do not have to be broadcasted/provided from scratch by the NW. What the NW may do is to periodically equip the UE with necessary precision (in terms of timing, angle, distance, etc.) by updating the ephemeris. 
Proposal 5: Some static components of ephemeris are preloaded to the UE. NW provides the necessary refinements to increase the location precision. 
Mobility state information (MSE) which is a relevant mechanism for IDLE UEs, may be of lower importance in case of NTN, because the UE’s velocity is actually relatively small, compared to the speed of satellites. Thus, reselections occurring for NTN LEO will be predominantly thanks to the satellite’s movement, no the UE’s motion.
Proposal 6: Do not consider MSE for NTN Rel-17.
4	Conclusion
In this paper we have discussed the IDLE mode aspects for Rel-17 NTN. The following observations and proposals have been made: 
Observation 1: Moving TAs will require mitigation of excessively frequent TAUs, also from stationary UEs.
Proposal 1: In case of fixed TAs, gNB broadcasts just a single TAC.
Proposal 2: Static TAC distribution globally, assuming UE’s location capability, is not considered in Rel-17 NTN.
Proposal 3: From RAN2 point of view, extra-territoriality issue can be addressed via solution 13 [4] in the simplest manner. A follow-up LS to SA2 can be considered.
Proposal 4: Discuss and decide what ephemeris related information is included in SIBs and how the UE makes use of it.
Proposal 5: Some static components of ephemeris are preloaded to the UE. NW provides the necessary refinements to increase the location precision.   
Proposal 6: Do not consider MSE for NTN Rel-17.
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