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Abstract of the contribution: Identifies a reasonably effective and simple solution for support of TACs, SAs, FAs for NR Satellite Access.
1. Introduction
[bookmark: _Toc510607461]SA2#146E sent an LS [1] to RAN2, RAN3 and CT1 describing 4 alternative options to support TAC selection for an NGAP ULI (e.g. in an NGAP Initial UE Message) when multiple TACs are broadcast in a cell by a gNB. These were evaluated at SA2#147E in [2] which ended up identifying a fifth option, with all 5 options summarized in [2] as follows.
	Option A	gNB selects a TAC from TACs broadcast in the serving radio cell giving preference to any TAC in which the UE is located.
	Option B	UE selects a TAC from TACs broadcast in the serving radio cell and may give preference to TACs in the RA.
	Option C	gNB selects a TAC as the TAC for the TA within which the UE is geographically located. When a TAC cannot be determined (e.g. no UE location information), the gNB may select any TAC being broadcast in the serving radio cell.
	Option D	gNB provides all TACs broadcast in the serving radio cell.
	Option E	gNB selects a TAC as the TAC for the TA in which the UE is located if broadcast in the serving radio cell, otherwise the TAC broadcast in the serving cell for the TA that is closest to the UE. When a TAC cannot be determined (e.g. no UE location information), the gNB may select any TAC being broadcast in the serving radio cell. 
During discussion at SA#147, it started to become evident that an Option C+D combination could provide best performance with low impacts to a UE, gNB and AMF and with an ability to support forbidden areas (FAs) and Service Areas (SAs). This option and its capabilities and other properties are evaluated here.
2. Option C+D for TAC inclusion in User Location Information (ULI)
A summary of Option C+D as it finally emerged during SA2#147E is as follows.
	Option C+D	A gNB includes a TAI in the ULI for the TA within which the UE is geographically located. When a TAI cannot be determined (e.g. no UE location information), a gNB includes a reserved value indicating the TAI is not available.
		The gNB also includes all TACs broadcast in the serving radio cell.
It should be noted that Option C+D applies equally to both soft TAC and hard TAC switchover – i.e. there is no different variant of Option C+D for either switchover case.
Observation 1	Option C+D applies equally to both hard and soft TAC switchover.
Providing the TAI for the TA within which a UE is geographically located allows compatibility with TN support for uses of the TAI (e.g. UE tracking) that are location related. Providing all TACs broadcast in the serving radio cell allows an AMF to determine whether the TAI in which the UE is located is broadcast in which case that TAI could be used as the UE Registration Area (RA). Otherwise, the AMF can include at least one additional TAI in the RA for a TAC that is broadcast or might possibly include TAIs for all of the TACs that are broadcast in the RA.
It has been stated that, for Option D, an AMF might deduce the TAI for the TA in which a UE is located over a period of time using just the list of TACs broadcast in the serving radio cell without being explicitly provided with the TAI for the TA within which the UE is geographically located. However, this cannot apply with hard TAC switchover (where a cell just indicates one TAC per PLMN) because a serving radio cell would sometimes indicate the TA in which a UE is located and sometimes indicate a different TA as shown in [2], so there would be no obvious common TAC indicating the TA in which a UE is located. 
Observation 2	Option D does not allow the TA in which a UE is located to be determined by an AMF with hard TAC switchover.


Figure 1 – Example Radio Cell Coverage at Times T1, T2, T3 
With soft TAC switchover (where a cell can indicate multiple TACs per PLMN), there is a possibility with Option D that the TAC for the TA in which a UE is located is always or nearly always broadcast in the serving radio cell. Figure 1 illustrates an example where a cell moves over an area comprising a number of TAs and provides coverage to UEs located in TAs 10, 11 and 12 at consecutive times T1, T2 and T3. The TAs (or TACs) potentially broadcast in the cell at each of the times T1, T2 and T3 are also shown. In this example, TACs for the TAs 10. 11 and 12 are broadcast at each of the times T1, T2 and T3. This would enable an AMF to narrow down the TA for each of the 3 UEs to one of TA10, TA11 or TA12. However, without information for additional cells, the AMF could not narrow down any further. The narrowing down would require that ULI is provided to the AMF at each of the times T1, T2 and T3. A similar effect might occur if ULI is provided for other cells at times earlier than or later than T1, T2 and T3. In other examples with fewer TACs per radio cell than in the example of Figure 1, an AMF might be able to narrow down the TA to a single TA in which the UE is located. However, all this requires prolonged access by a UE and might not be possible for brief UE access (e.g. for IOT). However, it seems clear that an AMF could narrow down the TA for a UE which has prolonged 5GC access to a smaller number of TAs or even to a single TA in which the UE is likely to be located which could allow assignment of a smaller RA. The smaller RA would in turn reduce the maximum amount of paging for a UE. 
Observation 3	Option D allows the TA in which a UE is located to be narrowed down by an AMF with soft TAC switchover to just a few TAs or even to a single TA over a period of time for any UE with prolonged 5GC access.
However, explicit indication of the TA in which a UE is located by a gNB using Option C would avoid the time delay in narrowing down the TA and would thus support UEs which have short access times (e.g. IOT) and would be more accurate for location related applications of the ULI.
Observation 4	Option C avoids any time delay in determining a TA in which a UE is located and would thus support UEs which have short access times (e.g. for IOT) and would be more accurate for location related applications of the ULI.
3. Support of Forbidden Areas (FAs) and Service Areas (SAs)
[bookmark: _Hlk51968268]At SA2#147, it was suggested to support FAs and SAs using the following rules additional to those used for TN.
Rule 1	Both an AMF and a UE shall consider that a radio cell is allowed for the UE as long as at least one TAC supported by the radio cell for the RPLMN or equivalent to the RPLMN is not subject to a known restriction for a forbidden area, service area or RAT type.
Rule 2	When receiving a NAS Reject message from an AMF indicating a forbidden area, and where the serving radio cell indicates support for more than one TAC for the RPLMN or equivalent to the RPLMN, a UE shall consider that all TACs indicated by the radio cell for the RPLMN or equivalent to the RPLMN are forbidden.


Figure 2 –Sporadic UE Access to a Forbidden Area 
Rule 1 can be supported at an AMF using Option D (or Option C+D) and avoids violating a UE subscribed service area by allowing access by a UE to a radio cell whenever the UE is located in its allowed service area so long as the radio cell broadcasts the TAC for the TA in which the UE is located. However, a UE would be able to enter a forbidden area and still have sporadic access to radio cells as long as the UE remains near enough to an allowed area that a radio cell providing coverage to the UE still covers part of the allowed area. This is illustrated in Figure 2 which shows a radio cell moving from left to right from an allowed area for a UE into a forbidden area for the UE. At time T1, while the cell still partially covers the allowed area, the UE would be allowed access to the radio cell. At time T2, after the radio cell has fully moved into the forbidden area, the UE would no longer be allowed access to the radio cell. Such fluctuation of radio cell access by a UE would not occur for TN. However, it should only occur within a forbidden area and hence would not violate service subscription by a UE to an allowed area. This will enable an operator to approximate TN service area support for a UE which may be better than having no support for service areas and forbidden areas and allowing UEs complete NR satellite access from everywhere in a PLMN country. 
Rule 2 is consistent with Rule 1 and a simple extension of the current rule for determining forbidden TAs with TN and allows a UE to identify TAs which are forbidden. 
Observation 5	SAs and FAs can be supported using Option D (and Option C+D) in a manner that approximates TN support and avoids violating a UE subscription to allowed service areas. However, a UE would be able to obtain sporadic PLMN access when inside a forbidden area from radio cells with coverage of an allowed UE area. PLMN operators can then decide whether to make use of SAs and FAs with this limitation or not use SAs and FAs and allow NR satellite access by a UE from everywhere in a PLMN country.
4. Conclusions
The following observations were made.
Observation 1	Option C+D applies equally to both hard and soft TAC switchover.
Observation 2	Option D does not allow the TA in which a UE is located to be determined by an AMF with hard TAC switchover.
Observation 3	Option D allows the TA in which a UE is located to be narrowed down by an AMF with soft TAC switchover to just a few TAs or even to a single TA over a period of time for any UE with prolonged 5GC access.
Observation 4	Option C avoids any time delay in determining a TA in which a UE is located and would thus support UEs which have short access times (e.g. for IOT) and would be more accurate for location related applications of the ULI.
Observation 5	SAs and FAs can be supported using Option D (and Option C+D) in a manner that approximates TN support and avoids violating a UE subscription to allowed service areas. However, a UE would be able to obtain sporadic PLMN access when inside a forbidden area from radio cells with coverage of an allowed UE area. PLMN operators can then decide whether to make use of SAs and FAs with this limitation or not use SAs and FAs and allow NR satellite access by a UE from everywhere in a PLMN country.
Based on these, the following proposals are made.
Proposal 1	Support TAC selection for the ULI using Option C+D.
Proposal 2	Support FAs and SAs for NR Satellite access using Rules 1 and 2 in section 3.

5. References 
[1]	S2-2106651: “LS Response to Reply LS on UE location aspects in NTN”, LS from SA2#146e.
[2]	S2-217779: “Resolution of Tracking Area Indication in the NGAP ULI for Moving Cells”.
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