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1. Introduction
RAN3 has received LS replies from RAN2 and SA2 on the LS originally sent out in RAN3#112-e (outgoing LS in [1], and incoming LSs [2,3] from SA2 and RAN2 respectively. This document reviews the replies, with focus on the topic of TAC reporting.
2. Discussion

2.1 LS answers on Q1 (location acquisition)
In [2], RAN2 confirms its agreements in RAN2, notably:

With this current status from RAN2, it seems that after AS security is established, the gNB can acquire location information from the UE as needed. It would be up to the gNB to refresh this information at reasonable intervals. Obviously, with more granular mapped cells, the gNB might need to obtain this information more often, but this seems an implementation or configuration issue.

Before AS security is established, RAN2 is proposing to use coarse location coordinates, which seem reasonable enough to report mapped CGI at access. Of course there is an interaction between this “coarseness” and the reasonable size of mapped cells, although even in TN, a reported cell ID does not always define a unique geographical area.
An important point is that the agreements are dependent on SA3 confirmation.

Observation 1: RAN2’s current agreements allow both mapped CGI reporting at access, and after security is established. However, they are dependent on SA3’s confirmation.

With this, there seems to be no immediate action or impact to RAN3.

Proposal 1: Wait for SA3’s feedback on location reporting if any.

2.2 LS answers on Q2 (CN requirements for CGI on access)

In [3], SA2 states:


First, SA2 confirms the general requirement that the reported (mapped) CGI may need to be comparable to a TN cell size, while also confirming that there is a possible fallback.

On the other hand, SA2 confirms that the CGI reported at Initial Access does not need to be quite as precise. This implies:

· That the coarse location mentioned by RAN2 should be sufficient
· That while the RAN2 agreements seem reasonable, if SA3 happens to request coarser granularity, this may also be acceptable

Observation 2: The key requirement from SA2 is to be able to report CGI with granularity compared to TN after AS security is established. Similar granularity would be desirable at access but could be degraded if SA3 expresses concerns.

With this, no existing RAN3 assumptions seem impacted, and again we can wait for SA3 feedback.

Proposal 2: No action is immediately required from RAN3 regarding CGI mapping as the answers from both RAN2 and SA2 confirm current agreements and stage 2 text (subject to SA3 feedback).
2.3 LS answers on Q3 (inter-AMF HO on border crossing)
RAN2 answers that “it is up to other working groups to decide on triggering of the N2-based Handover to change the AMF based on available information such as UE location information, if available and reported by UE”. Essentially this means that RAN2 assumes that the gNB may have access to UE location information in connected mode (again, depending on SA3), and as such, it is up to gNB to decide when it can trigger the reporting. The actual actions (e.g. inter-PLMN, inter-AMF handover) are already being discussed in RAN3, and it seems that this use case is essentially supported.
Observation 3: RAN2 assumes that triggering of handover based on UE location (e.g. border crossing) is up to RAN based on UE location information that is expected to be available.

Proposal 3: No further action is required in RAN3 regarding handling and triggering handover due to border crossing, or other location related event.

2.4 LS answers on Q4 (TAC reporting in ULI)
In [3], SA2 provides the following reply:

	SA2 has identified several alternative options for reporting of a TAC in the ULI. 

Option A:
The ULI contains a TAC selected by NG-RAN out of the TAC(s) broadcast by the serving radio cell for the UE. Different options are available for how this TAC is selected. For example: 

1. The TAC could be selected by NG-RAN and correspond to the TA in which the UE is physically located if this is one of the TACs broadcast in the serving radio cell. NG-RAN selects the TAC based on its available knowledge of the UE location. This option does not apply in case the UE is located in a TAI and the corresponding TAC is not broadcast in UE’s serving cell (e.g. in case of hard TAC). 

2. The TAC could be selected by NG-RAN and corresponding to the TA with greatest geographic overlap with the current earth area projected by the NTN Uu cell. 

Option B:
The ULI contains a TAC selected by the UE out of the TAC(s) broadcast by the serving radio cell. The TAC could be selected by the UE based on the Registration Area and other information. The UE provides the selected TAC to NG-RAN and NG-RAN provides it to the CN in the ULI. 

Option C: 
The ULI contains the TAC for the TA in which the UE is physically located, independent of whether the TAC is broadcast in the serving radio cell or not. NG-RAN determines the TAC based on its available knowledge of the UE location. NG-RAN may also indicate in the ULI whether the TAC is broadcast in the serving radio cell.

Option D: 
The ULI contains all TAC(s) currently broadcast by the serving radio cell.
There may also be additional options. SA2 would like to highlight that the options have different pros and cons, and that some options may have issues to support e.g. reachability/paging or mobility restrictions, which need to be further evaluated. SA2 would welcome feedback from CT1, RAN2 and RAN3 on the above options.

The support of broadcast of multiple TACs per PLMN and the options for reporting a TAC in a ULI as described above can impact support for mobility registration updating, paging, service areas and forbidden areas which SA2 commented on already in an LS entitled “LS Response to LS on multiple TACs per PLMN” in S2-2104891 sent from SA2#145e to RAN2, CT1 and CC RAN3. SA2 welcomes feedback, comments and questions from RAN2, RAN3 and CT1 on these aspects.




It can be noted that SA2 is still discussing this topic, but states that it welcomes feedback, comments, and questions. It is possible that SA2 will have decided by the time of RAN3#114-e.
The following discussion therefore is conditional on the status of SA2.

Observation 4: SA2 is currently discussing the TA/ULI topic, and although it invites feedback, it may have reached a conclusion by RAN3#114-e.

We also note that some additional options and hybrids are being discussed in SA2. For example, option E is a modification of option A where the TAC is selected from the list of broadcast TACs by (1) either taking the TAC corresponding to the geo location of the UE, or if this is not possible (2) take the nearest TAC to the UE location (according to some criteria).
Considering the issue initially from RAN point of view:

Regarding NGAP signalling impact, the least impacting options are A, B and E. Option C requires a small change (indicator), and option D has the largest change (a TAC list). 
Regarding general NG-RAN functionality, option D has the least impact. Options A, C and E require some computation to derive the correct TAC (although this is relatively straightforward). Option B has some impact on RRC exchanges, and also it is not clear how the gNB could obtain the TAC during ULI messaging not involving the UE (presumably it will store the latest value and report it until refreshed). 
Observation 5: From RAN3 point of view, there does not seem to be an overwhelming advantage to any of the options although overall options A and E seem the least impacting.

However many other factors need to be considered – as SA2 will be doing – and out of those we could highlight support of effective RA assignment by the AMF, consistency with the Registration Area, and paging efficiency. These are considered below using the below figure as reference.
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Support of effective RA assignment by AMF: 

Option C can provide a TAC in the ULI that is not broadcast in the serving radio cell (e.g. see the example above for a UE in TA6) which could lead to the AMF selecting an RA that does include any TAC being broadcast. The UE would then not be able to access the serving cell without performing another Registration Update which might lead to a sequence of Registration Updates or to the UE looking for another radio cell.

Option B could provide a TAC in the ULI that is distant from the actual UE location (since the UE does not know in which TA it is located or which TAs may be close to the UE location). For example, assume a UE located in TA1 in Figure 1 with the UE selecting TAC5 which is delivered to the AMF in the ULI and with the AMF then including TAC5 but no other TACs in the RA. If the radio cell moves to the area shown by the dashed circle in Figure 1 at time T+δ, the UE would still be in coverage of the radio cell but TAC5 would (probably) no longer be broadcast, resulting in a Registration Update from the UE that could have been avoided if TAC1 or a TAC at least closer to the UE location had been provided instead to the AMF in the ULI. Similar examples of unnecessary Registration Update can occur for Option B (for a UE located in TA1) for any other TAC provided in the ULI except TAC1.

Option A can perform just as badly as Option B in some cases – e.g. for a UE in TA6 in Figure 1 which is not broadcast, the gNB might include a TAC in the ULI which is also distant from the UE location. It could be argued that such cases should not happen if the selection of broadcast TACs includes all covered areas, but this cannot be guaranteed.

Option D is no better than Option B either, since the AMF does not know in which of the provided TAs in the ULI the UE may be located, or which TA(s) may be closest to the UE. It could be argued that an AMF could learn a UE TA over time according to different sets of TACs provided to an AMF in a ULI, but that could require several ULI updates over a period of time and might be unsuitable for short UE access duration such as for IOT.

Option E provides a TAC which is broadcast and is closest to the UE location which would reduce the incidence of extra Registration Update when a cell coverage area moves. For example, if the UE is in TA1 in Figure 1, Option E provides the AMF with TAC1 in the ULI, allowing the AMF to include TAC1 in the RA. If the UE is in TA6, which is not broadcast, the AMF would receive TAC2 which is for the TA closest to the UE that is broadcast. This would lead to further Registration if the cell were to move away from TA2 and cover TA6, but in that case the AMF will receive TAC6 in the ULI and be able to include TAC6 in a new RA.
Observation 6: From the perspective of effective RA assignment, option E appears superior, reducing likely number of registration updates. Option D could also do so if a multi-TAC RA was used, but in that case any paging benefit of TA granularity will be lost.

Consistency with the Registration Area:
For TN, the TAC provided in the ULI for any non-Registration NAS message should always be part of the current UE RA. Otherwise, the UE would have performed (or is performing) a Registration Update. For TN, the UE would also provide the last registered TAC in which it was located in a NAS Registration Request to an AMF (in the “Last visited registered TAI” defined in TS 24.501) which should also be part of the current RA. For NTN, there is a small risk that providing a TAC for either of these purposes that is not part of the current UE RA might trigger some anomalous behaviour in an AMF (e.g., an error condition). This is avoidable because, for an NTN RAT, an AMF can be programmed to ignore any difference between the TAC in the ULI or the TAC in a NAS Registration Request and the current RA. Additionally, the AMF could perform a Configuration Update to update the RA in the UE with the TAC that was included in the ULI when this TAC was not part of the current RA. However, this may increase signalling and there might still be unanticipated problems in some implementations. 
Option B has the benefit of avoiding any new AMF implementation or unanticipated problems by ensuring that the TAC provided in the ULI is part of the UE RA. All the other options fall short in this regard.

Observation 7: All options except option B will in some scenarios report TAC(s) that may not be in the UE’s RA.
Paging efficiency:
Paging efficiency is related to how often the current RA for a UE includes the TAC for the TA in which the UE is actually located and TACs for nearby TAs. If the RA includes TACs for TAs distant from the UE (e.g. because the AMF was misled by receiving a ULI with a TAC for a TA distant from the UE location), then when paging over the entire RA, paging may be included in cells that do not cover the actual UE location. Such paging would be wasted because the UE could not access these cells. As an example, assume the UE is located in TA1 in Figure 1 but the ULI includes TAC5. Then the RA will end up including TAC5. There may be one or more cells with coverage of TA5 that do not cover TA1 and paging in these cells will be wasted. 
This problem is more likely to arise for Options B and D where the reported TAC is not based on the real UE location and could sometimes arise for Option A when the TAC for the TA in which the UE is located is not currently broadcast. The problem may be further compounded if the AMF assigns multi-TAC RAs in order to reduce unnecessary Registrations Updates. This problem may not occur when paging is based on last used CGI(s) and not on reported TACs or TACs in the RA, but since the purpose of the RA is to provide a backup when more precise (e.g. CGI based) paging does not work, it will occur to some degree.
Observation 8: In general, options C and E appear to lead to improved paging efficiency, as they show an increased probability that the current RA will include the TAC corresponding to the UE’s current location.

Overall, our understanding is that there are no overwhelming issues or queries that can be made from RAN3’s point of view, and the above analysis is well within SA2’s scope. In addition, no option seems to have an overwhelming advantage. With that, it is recommended that RAN3 wait for SA2’s decision – which may well have happened by the time of the meeting.
Proposal 4: RAN3 should wait for SA2’s further conclusions on the topic of TAC reporting in ULI.

3. Conclusions

This document examined the LS replies and overall recommended that RAN3 waits for additional conclusions from other WGs, and particularly from SA2 and SA3. The detailed observations and proposals are collected below:

Observation 1: RAN2’s current agreements allow both mapped CGI reporting at access, and after security is established. However, they are dependent on SA3’s confirmation.

Proposal 1: Wait for SA3’s feedback on location reporting if any.
Observation 2: The key requirement from SA2 is to be able to report CGI with granularity compared to TN after AS security is established. Similar granularity would be desirable at access but could be degraded if SA3 expresses concerns.

Proposal 2: No action is immediately required from RAN3 regarding CGI mapping as the answers from both RAN2 and SA2 confirm current agreements and stage 2 text (subject to SA3 feedback).
Observation 3: RAN2 assumes that triggering of handover based on UE location (e.g. border crossing) is up to RAN based on UE location information that is expected to be available.

Proposal 3: No further action is required in RAN3 regarding handling and triggering handover due to border crossing, or other location related event.
Observation 4: SA2 is currently discussing the TA/ULI topic, and although it invites feedback, it may have reached a conclusion by RAN3#114-e.
Observation 5: From RAN3 point of view, there does not seem to be an overwhelming advantage to any of the options although overall options A and E seem the least impacting.

Observation 6: From the perspective of effective RA assignment, option E appears superior, reducing likely number of registration updates. Option D could also do so if a multi-TAC RA was used, but in that case any paging benefit of TA granularity will be lost.
Observation 7: All options except option B will in some scenarios report TAC(s) that may not be in the UE’s RA.
Observation 8: In general, options C and E appear to lead to improved paging efficiency, as they show an increased probability that the current RA will include the TAC corresponding to the UE’s current location.
Proposal 4: RAN3 should wait for SA2’s further conclusions on the topic of TAC reporting in ULI.
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UE coarse location information refers to coarse GNSS coordinates (FFS on the details, e.g. X MSB bits out of 24 bits of longitude/latitude or GNSS coordinates with ~2km accuracy). 


if SA3 has no concern reporting coarse location during initial access, the coarse location information is reported in Msg5, i.e., via RRCSetupComplete/RRCResumeComplete message.


After AS security is established, gNB can obtain a GNSS-based location information from the UE using existing signalling method, i.e., by configuring includeCommonLocationInfo in the corresponding reportConfig. It is up to SA3 to decide whether User Consent is required before NW acquires location information from the UE in NTN.








SA2 previously commented on the accuracy/granularity of a reported CGI in an LS entitled “Reply to LS on UE location aspects in NTN” in S2-2103550 sent from SA2#144e to RAN2 and CC’d to RAN3. SA2 reiterates that the geographic area represented by the CGI in a ULI may need to be comparable to a TN cell coverage area in order to support e.g. emergency services, etc. Although, when this is not possible, it can be possible for the 5GCN to obtain a UE location that can be used instead. For an initial access where the UE has just entered an RRC CONNECTED state, SA2 confirms that it is unnecessary for the geographic area represented by the CGI to be comparable to a TN cell coverage area as long this can be supported in a ULI provided subsequently (e.g. in a ULI provided for a subsequent NAS message sent to an AMF).
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