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Abstract: This discussion paper aims at solving the issue on multiple TACs for satellite access and proposes gNB sends ULI to AMF after AS security is established.
1. Introduction
RAN2 sent an LS reply on UE location aspects in NTN (R2-2109216) to RAN3 and CC to SA2, CT1 and SA3. The content of the LS is as following:
	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.
RAN2 answer: RAN2 has made following agreements:
· 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.
…



According to the LS, the following information can be obtained:
· Before AS security is established, gNB can only obtain coarse location from UE.
· After AS security is established, gNB can obtain a GNSS-based location information from UE.
Observation1: gNB can’t only obtain accurate location information from UE until AS security is established.

RAN2 also sent an LS reply on UE location aspects in NTN to SA3 and CC to CT1, SA2, SA3-LI, and RAN3. The content of the LS is as following:
	RAN2 thanks SA3 for the following questions: 
· What is the purpose of sending A-GNSS based measurements after AS security has been established? Is it for core network reselection after initial core network selection?
RAN2 believes that this is for potential core network reselection after initial core network selection. After AS security has been established, LCS procedure via LMF can be initiated to verify UE’s location and check whether UE has selected a PLMN that is allowed to operate in the country of the UE location.
· Are the A-GNSS based measurements used by the applied UE positioning method during LCS procedure or used in a different procedure?
RAN2 believes that A-GNSS based measurements are parts of A-GNSS positioning method, and it is during LCS procedure.

Additionally, RAN2 has also discussed and agreed to use UE location reporting to gNB for the purpose of UE-specific TA pre-compensation (if no concern is raised by SA3), but in RAN2 understanding it is not relevant to A-GNSS positioning method.



According to the RAN2 LS, UE location reporting to gNB can be used for the purpose of UE-specific TA pre-compensation.
Observation2: UE location reporting to gNB can be used for the purpose of UE-specific TA pre-compensation.

Considering the case of soft switch (broadcast of multiple TACs), gNB can’t decide the current TA of UE when UE initiates initial registration procedure or IDEL UE service request procedure. As shown in the following Figure, the satellite is covering TA1 and TA2. The gNB broadcasts multiple TAC to UE. If UE initiates initial Registration Request or Service Request when UE is in IDLE, gNB can’t know current TA of UE during the procedure.
TA1 and TA2
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Figure: Soft switch

Observation3: For soft switch scenario, gNB can’t determine current TA of UE during initial Registration procedure or IDLE Service Request procedure.
The UE location information (i.e. current TA of UE) can be used by AMF and UE for area related operation.
· In terms of AMF, the current TA of UE will be used by AMF to assign RA, to determine whether UE is in forbidden area/non-allowed area/LADN SA/…
· In terms of UE, the current TA of UE will be used by UE to maintain a local forbidden area list, to determine whether UE is in registration area/forbidden area/non-allowed area/LADN SA/…
According to the above description, two issues need to be solved
· Issue 1: how the AMF obtains the current TA of UE.
· Issue 2: how the UE obtain the current TA.
This discussion paper discusses the two issues and lists potential options to solve the two issues.
Observation4: AMF and UE should determine current TA of UE for area related operations.

2. Discussion
Issue 1: how AMF obtains the current TA of UE
According to the RAN2 LS, the gNB can determine the current TA of UE based on the GNSS-based location from UE after AS security is established. Thus the simplest way to obtain ULI for AMF is that the gNB sends user location information which includes the current TA of UE to AMF when the gNB decides the current TA of UE.
In order to let the gNB obtain GNSS-based location from UE, the AS security should be established. That means the AMF should proceed the NAS procedure (i.e. initial registration procedure, IDLE UE service request procedure) if the UE is in a soft switch scenario.
For soft switch, the ULI sent by gNB to AMF includes multiple TACs before AS security is established. When the AMF receives a ULI contains multiple TACs, the AMF knows UE is in soft switch scenario. If one of the multiple TACs is not in forbidden area/non-allowed area, the AMF should proceed the NAS procedure.
Proposal 1: for soft switch, gNB sends multiple TACs to AMF. If one of the multiple TACs is not in forbidden area/non-allowed area, the AMF proceeds the NAS procedure (i.e. initial Registration procedure, IDLE Service Request procedure).
When the NAS request (e.g. initial Registration Request, Service Request when UE is in IDLE) is accepted by AMF, the AS security is established. The gNB obtains GNSS-based location from UE and is aware of current TA of UE rather than multiple TACs broadcasted to UE, the gNB sends the current TA to AMF.
Proposal 2: When gNB is aware of current TA of UE rather than multiple TACs broadcasted to UE, the gNB sends the current TA to AMF.
Issue 2: how UE obtain the current TA
For registration area, it was approved in last meeting that UE does not need to perform a Mobility Registration Update procedure as long as at least one supported TAC is part of Registration Area.
For other service area, such as forbidden area, non-allowed area, LADN SA, it has impacts on UE’s communication if UE does not know whether UE is in forbidden area/non-allowed area/LAND SA. For example, when 5GC rejects UE with a cause indicating UE is in forbidden area, UE add current TA to the local forbidden area list. 
· In case of soft switch, UE does not know which TAC should be added into the forbidden area list as UE receives multiple TACs from gNB. 
In order to solve this issue, there are three potential options. The following table analyses the three options and give a suggestion.
	Options
	Details of the option
	Summary of the option

	Option1
	UE maintain mapping relationship between GNSS location and TAI. 
· Based on the current GNSS location, and the mapping relationship, the UE knows the current TA.
· If UE is rejected by AMF with a cause indicating UE is in forbidden area, UE adds the current TA into the forbidden area list.
· Based on the non-allowed area obtained from AMF or the forbidden area list and the mapping relationship, UE knows whether it is in the non-allowed area or forbidden are or not.
	This option needs to exposure network topology information to UE which may not consistent with operator’s policy.

	Option2
	5GC converts areas (e.g. service area restriction) into geographic area and sends the corresponding geographic area to UE.
· Based on the received geographic area corresponding to service area restriction and UE’s current GNSS location, UE knows whether it is in non-allowed area or not.
· If UE is rejected by AMF as the current TA of UE is in forbidden area, AMF sends to UE a cause and a geographic area corresponding to the rejected TA, UE adds the geographic area into the forbidden area list.
	This option is complicated and needs enhancements on both network side and UE side. 

	Option3
	UE implementation. 
· If UE receives multiple TACs from gNB and UE is rejected by AMF (e.g. AMF determines UE is in forbidden area or non-allowed area), the UE re-attempt to initiate signaling with 5GC after a period or after moving over a distance.
	This option is simple and easy to implement.




According to the above analysis and considering the limited time of R17, this discussion paper suggests to adopt option 3 in this release.
Proposal 3: If UE receives multiple TACs from gNB and UE is rejected by 5GC with a cause indicating UE is in forbidden area or in non-allowed area, UE re-attempt to initiate signaling with 5GC based on UE implementation, e.g. after a period, after moving over a distance.
3. Conclusion and proposal(s)
Proposal 1: For soft switch, gNB sends multiple TACs to AMF. If one of the multiple TACs is not in forbidden area/non-allowed area, the AMF proceeds the NAS procedure (i.e. initial Registration procedure, IDLE Service Request procedure).
Proposal 2: When gNB is aware of current TA of UE rather than multiple TACs broadcasted to UE, the gNB sends the current TA to AMF.
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