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1. Introduction

LSs have been received from RAN2 [1,2] respectively on the relationship between SIB contents and cell IDs provided to the CN, and on UE location aspects in NTN. RAN2 has also reached a conclusion on soft TA support [3]. Meanwhile reply LSs have been received from SA2 and SA3LI [4,5].
Since these multiple aspects are closely linked, this document discusses the issues raised and proposes associated actions.

In order to clarify the points raised in this document, it is proposed to send an LS reply [6].
2. Received LSs (recap and summary)
In [1], RAN2 informs RAN3 that it will assume approach (b), i.e., the cell ID used on Uu SIB content is decoupled from cell ID used in NG (N2). This requires gNB to acquire the UE’s location information. RAN2 requests feedback, if needed.
We note in passing that the approach (a) mentioned in the LS is used for broadcast TA, presumably because TA impacts idle mode behaviour and is also directly visible to the CN via registration requests).

In [2], RAN2 states that currently the NG-RAN can acquire location assistance information as follows:
· Before AS security is set up: TAC and broadcast cell ID of the serving cell

· After AS security is set up: mobility measurements and UE position (e.g. from GNSS measurements by the UE)

RAN2 asks several groups (including RAN3) to indicate whether this functionality is sufficient.

SA2 answers this LS in [4], noting that either the accuracy of a CGI aligns with the accuracy of a CGI for TN in certain regions, or the core network may initiate UE location procedure after registration. In addition, it notes that it is necessary to provide an accurate CGI to 5GC after a UE has entered CONNECTED state, and for regulatory reasons, either network determined or network verified UE location is needed (to underpin e.g. ULI).

The answer from SA3LI [5] confirms that it expects “comparable levels of assurance and granularity to terrestrial network cell sizes”. It also adds that GNSS/A-GNSS cannot be considered as reliable or trusted unless the information provided by the UE can be verified by the network. It also mentions that LI requires an indication of the reliability of the location.
Finally, RAN2 further states [3] that it has made relevant agreements on TAC aspects including

· The network may broadcast more than one TACs per PLMN in a cell.

· 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
3. Discussion of ULI Construction
3.1 Before AS Security is Set Up

SA2 does not directly discuss this aspect in [4], but it does not challenge the statement from RAN2 that only TAC and broadcast cell ID of the serving cell are available before AS security. This therefore seems to imply that ULI could be constructed using “large mapped cells”; for example one option would be to have a virtual cell layer equivalent to the TAC.
Typically, this would happen during access, and particularly during NAS transactions where ULI needs to be sent in uplink messages before AS security is set up e.g.:

· INITIAL UE MESSAGE in Service Request and other scenarios

· UPLINK NAS TRANSPORT e.g. during Registration procedures

This therefore seems to imply that ULI could be constructed using “large mapped cells”; for example one option would be to have a virtual cell layer equivalent to the TAC. An alternative is to use reserved values that indicate “no knowledge of UE’s location”.
Observation 1: Prior to establishment of AS security, it seems necessary for ULI to be constructed based on large virtual cells. This may remain the case until sufficient information is available

Note that NNSF is also an issue, particularly with respect to multi-country coverage and correct PLMN / CN selection. However we may assume that:

·  If the UE is unambiguously within a particular country (from the cell footprint), the RAN should make the correct decision (UE location is “inherent” in the radio cell)

· If the RAN is not able to select the correct PLMN, SA2 has already agreed a procedure for the AMF to make this check later via location services and take the appropriate action
In conclusion, the system can operate without precise location information before security.
Observation 2: Although it is desirable for the gNB to have location information for the UE as early as possible, the system can operate without this before AS security is set up.
Proposal 1: Respond to RAN2 indicating that operation based on initial cell ID/TAC seems feasible, assuming that the CN does not require precise location information at that point.
3.2 Location Information Availability
After AS security, according to [2], the NG-RAN may receive mobility measurements and UE position information (e.g. from GNSS measurements by the UE). In practice, mobility measurements may not be available or adequate in every scenario (e.g. immediately after security is configured), and therefore the provision of GNSS based location could play a critical role in the construction of ULI, particularly right after the context is set up.
On the other hand, as pointed out in [4] and [5], there should be a degree of verification by the gNB via other means. We assume that RAN2 will continue to work on this. 
Observation 3: NG-RAN’s UE location acquisition seems highly dependent on the UE’s GNSS information, and it should be useful to clarify whether RAN2 envisages that the NG-RAN node will be able to obtain and verify this information.
Proposal 2: Request RAN2 to clarify whether the NG-RAN will be able to obtain and verify the UE’s GNSS information.
We note also that a scenario is possible where a TN-like cell ID is only possible to report by using unverified information. Currently there is no means to inform the CN that the CGI in the ULI is “unverified”. The alternative would be to never provide an unverified CGI, but this implies that the UE’s GNSS information might never be used on its own as input to cell mapping.

Proposal 3: Confirm with SA2 that it will be useful to add a “CGI unverified” indicator within ULI.

In the following sections, we assume that verified location information is available (to adequate precision i.e. TN cell) and consider what the NG-RAN needs in order to construct the ULI towards the CN (i.e. both the CGI and TA information).

3.3 TA in ULI
In principle this seems simple since it should be the TA of the serving cell. But this also depends on whether the cell is configured with a single TA or multiple TAs (hard / soft TAC update) as recently discussed in RAN2, and also whether the TA in ULI needs to be always consistent with the UE’s RA.
With hard TAC update (illustrated in Fig.1 below), the broadcast TAC changes at some point during the transition from the area of TA1 to TA2. This implies for example that a stationary UE near the TA boundary may change its TA on a regular basis. This also implies that the registered TAC (for a UE) cannot correlate exactly to a non-overlapping geographical area as shown in Fig.1 for TA1 and TA2 – since the registered TAC can be the same in the same location at different times.
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Figure 1 – Illustration of Hard TAC Update

Then there is a design choice to be made for the TAC in ULI.

· Option 1: TAC in ULI corresponds to the UE’s location (see areas of TA1 and TA2 in Fig.1), as derived by the NG-RAN. In this case, there will be intermittent inconsistency between the TAC in the ULI and the TAC provided to the CN as part of the UE’s registration procedure.

· Option 2: TAC in ULI corresponds to the instantaneously broadcast TAC. In this case, there is no AS/NAS inconsistency.
Considering now soft TAC update, (illustrated in Fig.2 below), the actual SIB broadcast indicates both TAC1 and TAC2 in the area of overlap (i.e. while the footprint covers areas corresponding to the two geographical areas of TA1 and TA2). Note that in this case, two UEs in the same location may be registered in different TAs, and act accordingly.
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Figure 2 – Illustration of Soft TAC Update

Here we see that the equivalent of option 2 above (instantaneously broadcast TAC) does not seem to work in general because the cell may broadcast multiple TACs. Hence for soft TAC update, it seems that only option 1 is possible (i.e. TAC reporting based on UE location).
Observation 4: TAC reporting according to current SIB can be used for hard TAC update only; TAC reporting according to location can be used for both hard and soft TAC update.

Therefore, location-based TAC reporting in ULI seems to be the most general approach. However, this option does mean that there could be temporary inconsistencies between the TAC reported in ULI, and the UE’s Registration Area. Alternatively, it may be possible to use the SIB’s TAC in ULI reporting at least for hard TAC update. In principle both options could be supported, although it may be useful for the RAN to indicate which option is used in ULI. 
Observation 5: Both options (broadcast TAC and location TAC) seem possible, but it may be useful to enable the RAN to indicate which is used, in order to avoid RAN-CN interoperability issues. As an alternative, one option only might always be configured in NG-RAN for a PLMN.
Proposal 4: Request SA2 (CT1) to provide feedback on the above (broadcast TAC and location TAC in ULI) including whether a related indicator is useful in the signalling or whether a PLMN wide configuration can always be used. 
3.4 CGI in ULI
If location is available to within a reasonable precision, the determination of the mapped CGI should be relatively straightforward, as shown by the illustration in Fig.4.
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Figure 4 – Illustration of geographical CGI mapping Soft TAC Update

Observation 6: CGI mapping for the ULI seems straightforward as long as location information is available.
3.5 LS reply

The proposals in this document can be included in a LS reply to [2] (which can take into account aspects in the other LS [1] for simplicity).

Proposal 5: Reply to the RAN2 LS in [2] outlining the points in other proposals; a draft is provided in [6].
4. Conclusions

This document has made the following observations:
Observation 1: Prior to establishment of AS security, it seems necessary for ULI to be constructed based on large virtual cells. This may remain the case until sufficient information is available

Observation 2: Although it is desirable for the gNB to have location information for the UE as early as possible, the system can operate without this before AS security is set up.
Observation 3: NG-RAN’s UE location acquisition seems highly dependent on the UE’s GNSS information, and it should be useful to clarify whether RAN2 envisages that the NG-RAN node will be able to obtain and verify this information.
Observation 4: TAC reporting according to current SIB can be used for hard TAC update only; TAC reporting according to location can be used for both hard and soft TAC update.

Observation 5: Both options (broadcast TAC and location TAC) seem possible, but it may be useful to enable the RAN to indicate which is used, in order to avoid RAN-CN interoperability issues. As an alternative, one option only might always be configured in NG-RAN for a PLMN.
Observation 6: CGI mapping for the ULI seems straightforward as long as location information is available; in the case of overlapped TAs, the mapped CGI is a function of the UE’s location and the selected TA.
Overall, we propose the following:

Proposal 1: Respond to RAN2 indicating that operation based on initial cell ID/TAC seems feasible, assuming that the CN does not require precise location information at that point.
Proposal 2: Request RAN2 to clarify whether the NG-RAN will be able to obtain and verify the UE’s GNSS information.
Proposal 3: Confirm with SA2 that it will be useful to add a “CGI unverified” indicator within ULI.

Proposal 4: Request SA2 (CT1) to provide feedback on the above (broadcast TAC and location TAC in ULI) including whether a related indicator is useful in the signalling or whether a PLMN wide configuration can always be used. 

Proposal 5: Reply to the RAN2 LS in [2] outlining the points in other proposals; a draft is provided in [6].
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