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1	Introduction
A new WI on solutions for NR to support non-terrestrial networks (NTN) was approved at RAN#86, with an updated WID approved at RAN#88 [1]. The WI aims to specify the following control plane enhancements:
· Idle mode: 
· Definition of additional assistance information for cell selection/reselection (e.g. using UE location information, satellite Ephemeris information)
· Definition of NTN (satellite/HAPS) cell specific information in SIB
· Connected mode
· Enhancement necessary to take into account location information (UE & Satellite/HAPS) and/or ephemeris in determining when to perform hand-over, in order to have a high degree of hand-over control for hand-over robustness and coverage management.
· Enhancement to existing measurement configurations to address absolute propagation delay difference between satellites (e.g. SMTC measurement gap adaptation to the SSB/CSI-RS measurement window) [RAN2/4].
· 
· Service continuity for mobility from TN to NTN and from NTN to TN systems (to be addressed when connected mode mobility has sufficiently progressed)

· Identify potential issues associated to the use of the existing Location Services (LCS) application protocols to locate UE in the context of NTN and specify adaptations if any [RAN2/3]


In this contribution, we provide our view on Idle mode aspects for NTN.

Tracking area reporting from RAN to CN
The handling of Tracking Areas for satellite access has been discussed for some time now. It has been agreed to use earth-fixed TAs which, for moving radio cells, requires a cell to change the TACs that are broadcast in the SI as the cell traverses the earth’s surface. Two options are possible: 
· Soft TAC switching where a cell may broadcast more than one TAC when moving between two earth-fixed TAs and
· Hard TAC switching where a cell always broadcast one TAC only and thus makes an immediate switch from one TAC to another.
For the case where more than one TAC is being broadcast, it has been agreed that a UE initiates a Mobility Registration Update procedure when none of the broadcast TACs for a PLMN are part of the UE Registration Area.
One discussion is related to how the UE or a RAN node knows/selects one TAC out of many in case more than one is broadcasted. This issue involves several WGs, RAN2, RAN3, SA2 and CT1. In RAN2#116, RAN2 agreed UE AS indicates all received TACs to NAS but acknowledges that final decision is up to CT1 and SA2.


Agreements via email - from offline 107:
1. RAN2 confirms AS indicates to NAS layer all received TACs per PLMN. 
2. RAN2 responds to CT1 and SA2 with the confirmation that AS indicates to NAS layer all received TACs per PLMN. In addition it is stated that TACs in NTN are fixed to geographical location on Earth and UE’s location information can be used for TAI selection. Final decision on which criteria to apply (e.g. UE location information or other) is anyway up to CT1 and SA2 judgement

Recent LS from CT1 [4] informs SA2 (RAN2 cc) that CT1 could not reach consensus on how the selection should be done and leaves the decision to SA2. The current status in SA2 on UE location aspects and NTN is as follows [5].
SA2 confirms that when the geographic area represented by the CGI in a ULI is not comparable to a TN coverage area, it is possible for 5GCN to use a UE-obtained location instead. For an initial access where the UE has just entered RRC CONNECTED state, SA2 confirms that it is not necessary 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).
Then, SA2 identified the following options to report a TAC in the ULI:
A. 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. 
B. 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. 
C. 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.
D. ULI contains all TAC(s) currently broadcast by the serving radio cell.

RAN2 provided SA2 with the following response (cc RAN3 and CT1) [6]
For now, RAN2 cannot provide their view on the different options for TAC reporting in the ULI identified by SA2.
RAN2 would like to ask for feedback on the expected size of the earth-fixed tracking area and the maximum number of TACs from the same or different PLMN that needs to be broadcast in a radio cell.

RAN3 provided SA2 with the following response (to RAN2 and cc CT1) [7]

… no consensus has been reached at this time regarding a RAN3 preferred solution. RAN3 can provide the following observations.
Options A1, A2 and C require the gNB to determine the TAC based on UE location information which can be obtained by the gNB from the UE and may reuse current User Location information IE.
Option D requires the gNB to send all TACs via a new IE to the AMF, but it may not enable the AMF to discriminate the UE location precisely enough. 
Option B would provide additional information to the gNB which might be beneficial to drive e.g. NNSF. Given that this option has UE impact, RAN3 cannot comment on its feasibility, which requires RAN2 discussion.
Combinations (e.g. Options C and D, or potentially also option B, if feasible) have also been discussed and may be acceptable to RAN3.

RAN3 provided SA2 with the following response (cc RAN2 and RAN3) [8]

There was no consensus in CT1 on the options in S2-2106651. CT1 will implement the NAS layer aspect of the option selected by SA2.

SA2 provides response to CT1, RAN2 and RAN3  in [9]

SA2 has since agreed that Options C and D can be combined to support TAC reporting in a ULI and that service areas and forbidden areas can be supported in a manner approximating that for TN based on this TAC reporting.
For NR satellite access, NG-RAN will report all broadcast TACs to AMF as part of ULI. 
The NG-RAN may determine the TAI the UE is currently located and provide that TAI (if known) to AMF as part of ULI. The ULI contains the TAI for the TA in which the UE is physically located, no matter whether the TAC is broadcasted in the serving radio cell or not. NG-RAN determines the TAC based on its available knowledge of the UE location. 
Seems that SA2 has made agreement on the issue on how TAC is reported from RAN to CN. 
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Tracking area broadcasting in SI

Yet another TAC related issue is about the maximum number of TACs broadcasted. Last meeting agreement is:


RAN2 assumption:
1. There will be max 12 TACs per NR NTN cell, including same or different PLMNs.


However, the tracking areas are listed per PLMN in a cell which brings up challenges how to specify this limitation which is per cell. Current running CR has:
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The IE PLMN-IdentityInfoList includes a list of PLMN identity information.
PLMN-IdentityInfoList information element
-- ASN1START
-- TAG-PLMN-IDENTITYINFOLIST-START

PLMN-IdentityInfoList ::=               SEQUENCE (SIZE (1..maxPLMN)) OF PLMN-IdentityInfo

PLMN-IdentityInfo ::=                   SEQUENCE {
    plmn-IdentityList                       SEQUENCE (SIZE (1..maxPLMN)) OF PLMN-Identity,
    trackingAreaCode                        TrackingAreaCode                                            OPTIONAL,       -- Need R
    ranac                                   RAN-AreaCode                                                OPTIONAL,       -- Need R
    cellIdentity                            CellIdentity,
    cellReservedForOperatorUse              ENUMERATED {reserved, notReserved},
    ...,
    [[
    iab-Support-r16                     ENUMERATED {true}                                               OPTIONAL       -- Need S
    ]],

   [[
   trackingAreaList-r17                     SEQUENCE (SIZE (1..maxTAC)) OF   TrackingAreaCode          OPTIONAL       -- Need R
   ]]
}
-- TAG-PLMN-IDENTITYINFOLIST-STOP
-- ASN1STOP

	PLMN-IdentityInfo field descriptions

	cellReservedForOperatorUse
Indicates whether the cell is reserved for operator use (per PLMN), as defined in TS 38.304 [20]. This field is ignored by IAB-MT.

	iab-Support
This field combines both the support of IAB and the cell status for IAB. If the field is present, the cell supports IAB and the cell is also considered as a candidate for cell (re)selection for IAB-node; if the field is absent, the cell does not support IAB and/or the cell is barred for IAB-node.

	trackingAreaCode
Indicates Tracking Area Code to which the cell indicated by cellIdentity field belongs. The absence of the field and trackingAreaList indicates that the cell only supports PSCell/SCell functionality (per PLMN).

	trackingAreaList
List of Tracking Areas to which the cell indicated by cellIdentity field belongs. If this field is present, the UE shall ignore trackingAreaCode, if present. The maxTAC is for all PLMNs of the cell.
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UE location reporting
SA3 has provided RAN2 a response (cc RAN3 and SA2) on UE location reporting in [10] 
Depending on the local jurisdiction and its regulations, NTN specific user consent may be needed before gNB can configure the UE to report the UE location information. 
SA3 is currently introducing new requirements to TS 33.501 for user consent handling. Although such requirements are generic, they may need to be complemented in order to cover the different use cases, such as, in this context, the handling of user consent for UE location information for NTNs. SA3 has not yet studied how this user consent handling can be used specifically for the NTN use case.

LS from SA3 to RAN2 ("Reply LS on UE location aspects in NTN", S3-214394 in reply to R2-2109217, contact company Xiaomi):
Based on RAN2’s clarification to the questions raised by SA3, SA3 would like to follow up and provide the following complementary views:
- The A-GNSS based measurements are provided by the UE after AS security establishment, hence are integrity protected against tampering during transmission.
- As per R2-2109217, the A-GNSS based measurements are sent for core network reselection after initial core network selection, it means that the A-GNSS based measurements provided by the UE in NTN are used in LCS procedure initiated for core network reselection. Therefore, the reliability of the UE-provided A-GNSS based measurements used in NTN is at a comparable level of the reliability requirement for A-GNSS based LCS services.
- Due to the concern of misbehaving UEs and GNSS spoofing, location information derived at the network side is considered as more reliable.

In S3-214360 ”Reply LS on UE location aspects in NTN” (CATT)
SA3 discussed the assumption of RAN2, and could not agree on specific security issues caused by the UE sending location information to the gNB. 
However, SA3 believes that allowing the UE to send unprotected location information will expose the UE to more risks than not sending it. If a permanent/temporary ID (e.g. SUPI/IMSI, 5G GUTI) is sent together with the location information unprotected at initial access, SA3 is of the view that there could be a privacy issue.
SA3 would also like to remind that the UE location information the network is relying on for AMF selection may not be reliable due to a lack of integrity protection.
Therefore SA3 recommends that RAN2 defines a solution that avoids sending unprotected UE location information to the gNB.


Based on these responses, UE location reporting after security is enabled is a viable way to initiate CN reselection. Thus we propose:
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As SA3 expresses concern on UE location reporting before AS security is in place the need for reporting location during initial access can be discussed.

Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to conclude that SA2 decision is acceptable.
Proposal 2	RAN2 to discuss how to specify the TAC limit per cell over all PLMNs.
Proposal 3	RAN2 to conclude it can finish the work on UE location reporting based on location threshold in February meeting where connected mode aspects are discussed.
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