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Abstract of the contribution: Discusses how tracking areas, service areas and forbidden areas can be supported where satellite cells broadcast support for one TAC (hard TAC update) or several TACs (soft TAC update) per PLMN.
1. Introduction
SA2 sent an LS [1] to RAN2 and CT1 from SA2#145e to answer some questions from RAN2 on support of multiple TACs per PLMN. In this LS (as shown below), SA2 stated that “there are other aspects related to supporting multiple TACs per cell that require further study, such as how Service Area Restrictions and Forbidden Areas would be supported”.
	S2-2104891 [1]
LS Response to LS on multiple TACs per PLMN

	SA2 thanks RAN2 for the LS on multiple TACs per PLMN. SA2 notes that RAN2 has included the following information and a question in this LS:
· The network may broadcast more than one TACs per PLMN in a cell.
· 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.
· Majority of companies think option 1 has larger RAN2 impact, as AS layer has to select one TAC from the broadcast ones to report to NAS layer, thus RAN2 has preference for option 2
· Is option 2, i.e. “AS indicates all received TAC(s) for one PLMN to NAS layer”, feasible from a NAS layer perspective?

SA2 has discussed the two options mentioned in the RAN2 LS. SA2 believes that Option 2 is feasible to support UE reachability and paging, although there is an impact to the NAS layer but this is also something CT1 needs to analyse from stage 3 perspective.
For Option 1, SA2 tentatively agrees that reporting of only one TAC for one PLMN by AS to NAS would require no change to NAS. However, there may be drawbacks with this approach as it is not clear:
-	how the UE AS layer determines which TAC to be reported to UE NAS layer, and 
-	whether and how the UE NAS layer could be informed of other TACs, e.g. in the case that the reported TAC is not in the UE Registration Area but another unreported TAC is.  
In addition to reachability and paging, there are other aspects related to supporting multiple TACs per cell that require further study, such as how Service Area Restrictions and Forbidden Areas would be supported. 
SA2 will further analyse both options, and also take any CT1 reply into consideration, and provide further feedback when available.



RAN3 has also sent an LS to SA2 [2] with questions related to broadcast of one TAC or multiple TACs per PLMN as shown below. The relevant question here is Question 4 which asks for feedback from RAN2,  CT1 and SA2 on the following issues: “RAN3 has also considered the related question of TAC reporting in the ULI, taking into account RAN2’s agreement to support broadcast of multiple TACs per PLMN in a cell [see LS in R2-2104377]. RAN3 is not clear on which of the broadcast TACs the gNB will indicate to the CN in ULI, and RAN3 also noted that one or more of the broadcast TAIs might not be consistent with the UE’s Registration Area”.
	S2-2105283 [2]
LS on UE location aspects in NTN (R3-211418/R2-2102055)

	RAN3 would like to thank RAN2 for the received LS on UE location aspects in NTN, and also SA2 and SA3-LI for their replies already received.

Regarding the question posed in the LS:

· Question: RAN2 would like to ask RAN3, SA3-LI and SA2 to confirm whether the current functionality identified above is sufficient for use in Non-Terrestrial Networks including initial registration procedure.
Answer from RAN3:

[bookmark: _Hlk72833299]RAN3 understands from the RAN2 response that only the serving NTN Uu cell ID (broadcast cell ID of the serving cell) and the broadcast TAC(s) would be available at initial access. As a consequence, RAN3 assumes that at initial access the gNB is typically not able to provide in the ULI a CGI (Earth fixed) with location granularity similar to the ULI provided in TN; and also at initial access, the CGI provided in the ULI may represent a geographical area spanning multiple TACs. Based on the previous reply from SA2 on this topic, RAN3 also assumes that this is acceptable at system level.

Regarding NNSF (and e.g. country selection), RAN3 understands that there may be cases where the NG-RAN is not able to guarantee the selection of the correct CN at initial access without more precise location information, and this would need to be corrected later by the NG-RAN or the CN. Minimizing the number of actions (e.g. by providing some level of additional location information at initial access) seems useful, if at all possible, and RAN3 would like to ask RAN2 to check such feasibility.

After AS security is setup, RAN3 understands from the RAN2 LS that the NG-RAN will be able to obtain the UE’s location information (e.g. GNSS information or otherwise), and thereby construct a CGI provided in the ULI satisfying accuracy requirements comparable to those for TN. 

Question 1: RAN3 would like RAN2 to confirm whether the gNB will be able to acquire UE location information with an accuracy comparable to TN cell granularity (e.g. GNSS information or otherwise) after AS security, and also to confirm whether it is possible to provide any level of UE location information (i.e. finer than NTN Uu cell accuracy) before AS security.
Question 2: RAN3 requests SA2 to confirm that it is acceptable that, in some cases, the CGI contained in the ULI at initial access may represent a geographical area larger than typical TN cell coverage areas, and which may possibly span the area of multiple TACs.

In addition to the above, RAN3 would like to draw RAN2’s attention to the scenario in which a RRC_CONNECTED UE moves across a country border but remains in the same NTN cell. To enable triggering of the N2-based Handover to change the AMF, RAN3 agreed that the gNB is expected to know from the UE, when the UE moves across the country border (to some reasonable level of precision), in case the serving NTN cell serves more than one country. This is linked to a requirement in TS 23.502. RAN3 assumes that this scenario may be covered by functionality needed for CGI mapping.

Question 3: RAN3 welcomes any feedback from RAN2 on the described case (i.e. the gNB to trigger inter-AMF handover when crossing country borders).

RAN3 has also considered the related question of TAC reporting in the ULI, taking into account RAN2’s agreement to support broadcast of multiple TACs per PLMN in a cell [see LS in R2-2104377]. RAN3 is not clear on which of the broadcast TACs the gNB will indicate to the CN in ULI, and RAN3 also noted that one or more of the broadcast TAIs might not be consistent with the UE’s Registration Area. 

Question 4: RAN3 requests RAN2, CT1 and SA2 to provide any feedback on above issue (i.e. which TAC should be reported by the gNB in case of multiple broadcast TAC).  



There was a previous discussion paper at SA2#144e in [3] on issues related to broadcast of multiple TACs (also referred to as “soft TAC update”) versus broadcast of a single TAC (also referred to as “hard TAC update”) but this was noted and no particular agreements were made.
It should be clear from the above that support of tracking areas has not been fully resolved yet and thus should be addressed in order to complete support of NR satellite access in Release 17 with no major omissions or errors. It seems quite possible there is no ideal solution regarding supporting tracking areas because on the one hand, all WGs have agreed that tracking areas shall be fixed geographic areas and on the hand, the solution in Release 17 so far cannot reliably indicate to a UE in which fixed tracking area it is located. The approach taken here is to evaluate support for reusing as much as of the existing solution for tracking areas (defined for TN) for NR satellite access as is possible with minimal new impacts and no major anomalies.
2. Support of Mobility Registration and Paging
[bookmark: _Toc510607461]In previous papers submitted to SA2 and RAN WGs, illustrations and examples of tracking areas along with physical cells that support them commonly assume that TAs and physical cells are of similar size. There is no actual requirement for this, however. Figure 1 provides an illustration of a scenario where there is a physical radio cell that is several times larger than each of a number of TAs whose fixed areas it is covering. This is not necessarily an exaggeration since physical radio beam size is expected to be typically 100-1000 kms across for LEO and MEO and up to 3500 kms across for GEO and HEO (e.g. see TR 38.821 Table 4.1-1 [5]), whereas TAs (at least for TN) may be preferably only around 100-200 kilometers across or less.
However, the scenario shown in Figure 1 would be very hard to support with the current Release 17 solution since broadcasting only one TAC in the physical radio cell would lead to an absurd distortion of the real coverage areas of each of the TAs and it would be impossible to distinguish allowed TAs (in yellow) from non-allowed TAs (in blue), making support of service areas and forbidden areas extremely coarse. Broadcasting multiple TACs per PLMN may allow better support but the number of TACs to be broadcast and the issue of distinguishing allowed from non-allowed TACs would still be difficult. Therefore, we consider that tracking areas in Release 17 should not be much smaller than physical radio cells.


Figure 2 - Physical radio cell coverage with Radio Cells larger than TAs
At the other extreme, TAs that are much larger than physical radio cells will present other problems for which an illustration is not even needed. Physical radio cells could be 100 to 1000 kilometers across or more and so a TA that was several times larger than this could be around 500 to 3000 kilometers across. Many countries do not have a size big enough to support that unless the area of a whole country was to be defined as a TA – which would reduce much of the benefit of defining TAs in order to control UE mobility and limit paging.
So the limitations in Release 17 combined with real world geographic limitations require that TAs and physical radio cells should typically be of similar size.
[bookmark: _Hlk79009713]With this restriction in mind, Figure 2 illustrates a scenario where a physical radio cell provides coverage to parts of four different adjacent TAs. Four TAs were chosen here rather than a more simple minded one or two TA example in order to allow for a physical cell crossing TA boundaries in two dimensions. It can be seen that the overall physical radio cell size is similar to the area of each of the TAs. The physical radio cell might be moving which why it is shown as not covering just one TA. (In addition while fixed non-overlapping TAs would need to be simple polygons with straight line boundaries, the area covered by a physical radio cell cannot have straight line boundaries.)


Figure 2 - Physical radio cell coverage with TAs and Radio Cells of similar size
If hard TAC update is supported, the physical radio cell shown in figure 2 could only broadcast one of the four TACs. This would result in some distortion of the effective area of the broadcasted TA (and the other TAs not supported by the physical cell). If soft TAC update is supported, all four TACs can be broadcast which avoids excluding any one TA for a UE that might be located in that TA. However, there is another kind of distortion in that a UE that is located in one of the TAs (e.g. TA 1) could be allowed to access the physical radio cell even if that TA is not in its current registration area as long as one of the broadcast TACs is part of the UE registration area (RA).
When a single TAC is broadcast per PLMN in each physical radio cell, there need be no new impacts for accessing a physical radio cell, performing a Registration update or paging for a UE.
When multiple TACs are broadcast per PLMN in physical radio cells and in line with the original objective of minimizing new impacts, a simple solution can be the following.
Proposal 1	With broadcast of multiple TACs per PLMN in a physical cell, a UE is allowed to access the cell without a mobility Registration Update as long as at least one of the broadcast TACs belongs to current UE RA. If none of the broadcast TACs belong to the current RA, the UE is required to perform a Mobility Registration Update.
Proposal 1 leads to the following requirement for reliable paging of a UE.
Proposal 2	With broadcast of multiple TACs per PLMN in a physical cell, if there is no information on UE location (e.g. UE was in CM IDLE state for a long time), NG-RAN can page for a UE in all physical radio cells which broadcast at least one TAC for the current UE RA.
Proposals 1 and 2 allow Mobility Registration Update and Paging to function correctly with Soft TAC Update. 
3. Support of Service Areas 
For TN, Service Areas allow a PLMN operator to control which TAs a UE is allowed to roam into and obtain service. An AMF can send a list of allowed TACs and/or a list of non-allowed TACs to a UE (separate from the UE RA) to indicate which TAs the UE is allowed to receive service in. Possible use cases include subscription based roaming where a UE is restricted to only certain subscribed areas, congestion control where certain UEs may be temporarily or permanently banned from obtained service in congested or under-resourced network areas, and security where certain network areas are restricted to only certain users (e.g. such as a government or military area).
For TN, these use cases would typically require fixed and known definitions of allowed and non-allowed service areas. A variable or ambiguous definition might be useless. 
Hence for NR satellite access, it would be both natural and preferable to define service areas in terms of constituent fixed tracking areas just as for TN. However, the distortion of tracking areas as pointed out in section 2 will make fixed service areas difficult to support with any precision – for both broadcast of a single TAC per PLMN or broadcast of multiple TACs per PLMN.
To partially overcome the distortion aspects and provide a simple solution for NR satellite access with minimal impacts, the following proposal is made for broadcast of multiple TACs per PLMN.
Proposal 3	With broadcast of multiple TACs per PLMN in a physical cell, a UE treats a physical radio cell as supporting a non-allowed TA if at least one of the broadcast TACs is in the list of non-allowed TACs for the UE.
The above proposal allows a network and UE to continue supporting service areas with a clear rule on when a UE can and cannot access a physical radio cell.
To avoid conflicts where a physical radio cell broadcasts both allowed and non-allowed TACs for the same UE, a PLMN operator might attempt to deploy physical radio cells which, as far as possible, align with TACs which are all allowed for certain UEs and possibly all disallowed for other UEs. As an example, if TAs 1 and 3 in  Figure 2 were allowed for all UEs and TAs 2 and 4 were disallowed for some UEs but allowed for others, the physical radio cell shown in Figure 2 would not provide very good support. Instead the PLMN or satellite operator could attempt to change the physical cell coverage area (via directional beam transmission from the satellite) so that it mostly covers TAs 1 and 3 but not TAs 2 and 4 or vice versa. Then the radio cell can just broadcast support for TAs 1 and 3 or for TAs 2 and 4 but not both and provide more consistent and accurate support of the service areas.
4. Support of Forbidden Tracking Areas
For TN, a forbidden TAI is notified individually to a UE via an error cause in  a NAS Registration Reject, Service Reject or Deregistration Request such as 5GMM cause #12 "tracking area not allowed", cause #13 "roaming not allowed in this tracking area", or cause #15 "no suitable cells in tracking area" (e.g. see TS 24.501 clause 5.3.13 [4]). The UE then stores the current TAI in the list of forbidden TAs for the PLMN.
With hard TAC update (one TAC broadcast per PLMN), there would be no ambiguity for the TAC that is intended to  be stored in the list of forbidden TAs. There would still be a problem with supporting a forbidden TA as a fixed geographic area because of the distortion of TA coverage described in section 2. This could make the forbidden TA feature fairly useless and not worth deploying for NR satellite access, but at least the feature could be supported without ambiguity from a UE perspective.
With soft TAC update (multiple TACs broadcast per PLMN), the UE would not know which TAC or TACs being broadcast for the serving PLMN should be placed in the list of forbidden TAs for the PLMN – because the UE does  not know in which TA it is located. This could be resolved by applying the following rule:
Proposal 4	With broadcast of multiple TACs per PLMN in a physical cell, a UE moves all TACs being  broadcast for a PLMN in a physical radio cell, that are not included in either the current RA or list of allowed areas, into the list of forbidden TAs after receiving an error cause in a NAS Registration Reject, Service Reject or Deregistration Request which disallows UE access to a current TA. A UE later removes any TA from the list of forbidden TAs if the TA is received from the PLMN in a new RA or as a new allowed area.
The above resolves the ambiguity and prevents conflicts with TAs included in the current RA or list of allowed areas.
Regarding using a list of forbidden TAs for a PLMN to determine access to a particular physical radio cell and where the physical radio cell broadcasts multiple TACs, a UE could employ the following rule.
Proposal 5	With broadcast of multiple TACs per PLMN in a physical cell, a UE treats a physical radio cell as belonging to a forbidden TA if at least one of the broadcast TACs is in the list of forbidden TAs for the serving PLMN. This rule also preempts the rule in Proposal 3.
The above rules would allow unambiguous support of forbidden TAs where multiple TACs are broadcast by physical radio cells. It would then be up to PLMN operator deployment to assign TAs to different physical radio cells in a manner that reduces unnecessary service interruptions to UEs.
5. Support of TAC Indication in a ULI
For TN, the NG-RAN indicates the current TA for a UE in the ULI provided to an AMF in certain NGAP messages (e.g. NGAP Initial UE message, NGAP Uplink NAS Transport, NGAP UE Context Release Complete, NGAP Handover Notify, NGAP Location Report) – see TS 38.413 [6].
For NR satellite access, there are several alternatives as pointed out by RAN3 for Question 4 of the LS in [2].
For hard TAC update (broadcast of one TAC per PLMN in a physical radio cell), the choices can be:
	Option A:		The ULI contains the TAC broadcast by the serving radio cell for the UE
	Option B:		The ULI contains the TAC for the TA in which the UE is physically located
Option A will sometimes provide a TAC for a TA in which the UE is not located. E.G. In Figure 2, if a UE in TA 2 was served by the illustrated radio cell and the cell broadcasts TAC 1, then the ULI would indicate TAC 1. This would make support of services areas and forbidden TAs associated with predefined fixed areas impossible to support in an accurate and consistent manner. E.G. if TAC 1 is forbidden for the UE, the AMF might reject a service request or registration request from the UE based on being wrongly informed by the ULI that the UE is in TA 1. 
Option B provides the correct TA to the AMF which should allow more accurate support of services areas and forbidden TAs from the AMF side. However, because the UE can be wrongly informed of the TA in which it is located by the TAC broadcast in the serving physical radio cell, the UE may wrongly conclude that it is in a non-allowed or forbidden TA, so service areas and forbidden areas could still be inaccurately supported. E.G. if the ULI indicates the UE is in TA 2 in the above example and if TA 2 is a forbidden TA for the UE, the AMF could reject a Registration Request or Service Request from the UE. The UE would then wrongly conclude that TA 1 was a forbidden TA based on receiving a non-allowed TA indication in a Registration Reject or Service Reject from the AMF in association with the serving physical cell broadcasting TAC 1 (and not TAC 2).
For soft TAC update (broadcast of multiple TACs per PLMN in a physical radio cell), the choices can be:
Option A:	The ULI contains one of the TACs broadcast by the serving radio cell for the UE. The TAC should be for the TA in which the UE is physically located if this is one of the TACs broadcast in the serving radio cell. Otherwise an implementation choice can be made – e.g. the TAC for the TA with greatest geographic overlap with the physical radio cell.
	Option B:	     The ULI contains the TAC for the TA in which the UE is physically located.
Option C:		The ULI contains all of the TACs broadcast by the serving radio cell for the UE.	
Option A would have the same disadvantages as Option A for Hard TAC update.
Option B has similar properties to Option B for Hard TAC update.
Option C requires a change to NGAP and seems to have no advantage compared to Option A or Option B.
It is clear that none of these options are ideal. Accordingly, the following is proposed:
Proposal 6	A PLMN operator configures support for Hard TAC Update or Soft TAC Update and for either Option A or Option B in the NG-RAN. An AMF can be informed of the configuration in the NGAP NG Setup procedure and can then make allowance in supporting NAS procedures.
NOTE:	Configuring Soft TAC Update would not require that a physical radio cell always broadcasts more than one TAC for a PLMN (e.g. in the case that a physical radio cell only covers one TA), but configuring Hard TAC Update would require that a physical radio cell always broadcasts one TAC for a PLMN.
Since these options create ambiguity at an AMF in terms of whether a UE is located in the reported TA for Option A or whether the reported TAC for Option B is being broadcast in the serving physical cell, the following additional proposal is made.
Proposal 7	A flag is provided by NG-RAN in the ULI to indicate whether the UE is located in the reported TA for Option A or whether the reported TAC is being broadcast in the serving physical cell for Option B. The flag could use a reserved bit in the 24 bit TAC IE to avoid explicit signaling  change or could be a separate new IE in the ULI.
An AMF can make use of the extra information provided by Proposals 6 and 7 in various ways as shown in the following Table.
	TAC Update
	Option
	Flag
	Possible Uses by an AMF

	Hard or Soft
	A
	UE is not located in the TA
	Do not check for TA restrictions as the UE is not located in the reported TA and the TAC for the TA in which the UE is located is not broadcast in the serving radio cell.

	
	
	UE is located in the TA
	If the TA is forbidden for the UE, return an indication of a forbidden TA to ensure the UE adds the TA to the list of forbidden TAs

	
	B
	TAC is not broadcast in the serving physical cell
	Do not check for TA restrictions as the UE will not be able to add the TA to the list of forbidden TAs

	
	
	TAC is broadcast in the serving physical cell
	If the TA is forbidden for the UE, return an indication of a forbidden TA to ensure the UE adds the TA to the list of forbidden TAs


Table 1 – Possible uses of Additional TAC related Information by an AMF
No difference in treatment between soft and hard TAC update is included in Table 1, but these alternatives are included as a separate column in Table 1 to show the possibility of different implementation dependent treatment.
No effective difference in treatment of Option A versus Option B was also found for Table 1 suggesting that only one option may be needed or that any difference in treatment be implementation dependent.
6. Dropping Support for Service Areas and Forbidden Areas
Another alternative for support of tracking areas for NR satellite access in Release 17 would be to just remove support of service areas and forbidden areas in Release 17. The justification can be as follows:
	-	New impacts for the UE in association with Proposals 3, 4 and 5 are avoided
- 	Difficulties with trying to support fixed service areas and forbidden areas in a consistent manner are avoided
-	User cases for support of service areas and forbidden areas with NR satellite access seem less compelling than with TN
There would be some specification impact to document this at stage 2 and maybe indicate particular message IEs at stage 3 which are not used for NR satellite access and exceptions to associated procedures.
This leads to the following proposal.
Proposal 8	Consider whether there is a preference to remove support for Service Areas and Forbidden Areas for NR Satellite Access in Release 17. 
6. Conclusions
[bookmark: _Hlk51968268]The following proposals have been made.
Proposal 1	With broadcast of multiple TACs per PLMN in a physical cell, a UE is allowed to access the cell without a mobility Registration Update as long as at least one of the broadcast TACs belongs to current UE RA. If none of the broadcast TACs belong to the current RA, the UE is required to perform a Mobility Registration Update.
Proposal 2	With broadcast of multiple TACs per PLMN in a physical cell, if there is no information on UE location (e.g. UE was in CM IDLE state for a long time), NG-RAN can page for a UE in all physical radio cells which broadcast at least one TAC for the current UE RA.
Proposal 3	With broadcast of multiple TACs per PLMN in a physical cell, a UE treats a physical radio cell as supporting a non-allowed TA if at least one of the broadcast TACs is in the list of non-allowed TACs for the UE.
Proposal 4	With broadcast of multiple TACs per PLMN in a physical cell, a UE moves all TACs being  broadcast for a PLMN in a physical radio cell, that are not included in either the current RA or list of allowed areas, into the list of forbidden TAs after receiving an error cause in a NAS Registration Reject, Service Reject or Deregistration Request which disallows UE access to a current TA. A UE later removes any TA from the list of forbidden TAs if the TA is received from the PLMN in a new RA or as a new allowed area.
Proposal 5	With broadcast of multiple TACs per PLMN in a physical cell, a UE treats a physical radio cell as belonging to a forbidden TA if at least one of the broadcast TACs is in the list of forbidden TAs for the serving PLMN. This rule also preempts the rule in Proposal 3.
Proposal 6	A PLMN operator configures support for Hard TAC Update or Soft TAC Update and for either Option A or Option B in the NG-RAN. An AMF can be informed of the configuration in the NGAP NG Setup procedure and can then make allowance in supporting NAS procedures.
Proposal 7	A flag is provided by NG-RAN in the ULI to indicate whether the UE is located in the reported TA for Option A or whether the reported TAC is being broadcast in the serving physical cell for Option B. The flag could use a reserved bit in the 24 bit TAC IE to avoid explicit signaling  change or could be a separate new IE in the ULI.
Proposal 8	Consider whether there is a preference to remove support for Service Areas and Forbidden Areas for NR Satellite Access in Release 17. 
There seems no reason not to proceed with CRs to TSs 23.501 and 23.502 at SA2#146e to support Proposals 1 and 2. Regarding Proposals 3-7, it seems to be more efficient to first decide whether Service Areas and Forbidden Areas are worth supporting for NR Satellite Access in Release 17 and, if so, bring in CRs at SA#147e in October to support Proposals 3-7 (or some modification of Proposals 3-7 based on discussion at SA2#146e). If it is preferred not to support Service Areas and Forbidden Areas for NR Satellite Access in Release 17, CRs will instead be needed (e.g. at SA2#147e) to indicate that (e.g. in TS 23.501). RAN2, RAN3 and CT1 should also be informed of the agreements and any approved CRs. This lead to the following action proposals.
Proposed Action 1:		Approve CRs to TS 23.501 and 23.502 to support Proposals 1 and 2
Proposed Action 2:	Decide whether Service Areas and Forbidden Areas should be supported for NR Satellite Access in Release 17 and if so, whether Proposals 3, 4, 5, 6 and 7 provide an acceptable solution.
Proposed Action 3:	Send an LS to RAN2, RAN3 and CT1 to document the agreements, indicate any approved CRs and answer Question 4 (and Question 2) in the RAN3 LS in S2-2105283 [2] which is related to this discussion.
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