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1. Introduction
In this contribution, we want to highlight the need to address a significant gap in the lack of an early and efficient mechanism for NB-IoT NTN UE to report their coarse location to the network, which is a crucial functionality for NTN systems.
NB-IoT NTN networks are becoming operational as we speak, and the lack of a mechanism for UE to report their location to the network, at least to allow the network to know the general location of the UE within the coverage area to the granularity roughly equivalent to a terrestrial cell is emerging as a significant gap that can severely impact network efficiency, mobility and even basic operation in regulatory compliance.
This topic had been discussed in the early phases of Release-17, and solutions for all other NTN RAT have been identified and specified, including for eMTC, but NB-IoT has been left behind.  Whilst all NTN UE are expected to have GNSS capability, NB-IoT NTN UE presently don’t have a guaranteed mechanism to report their location to the network.
The problem has been presented to RAN2 during RAN2#123-bis in Xiamen [6], where RAN2 discussed the topic.  However, no consensus could be achieved on the possibility to implement an AS layer based solution due to remaining privacy and security concerns [7]. 
An LS was sent by RAN2 to SA2 and CT1 [8] asking the groups to study and possibly specify a suitable NAS layer based solution instead.
In this paper we urge SA2 and CT1 to study and introduce an effective solution to this problem.
2. Discussion
The urgent need to specify a mechanism for early and efficient reporting of at least “coarse-grained” location by NB-IoT NTN UE to the network is driven by three main scenarios:
Basic Regulatory compliance – When an NTN cell coverage overlaps two regulatory areas (e.g. cross-country borders), without knowledge of the UE location it may be impossible to determine in which jurisdiction the UE is located.  In the worst case, in case of ambiguity the network may not be able to provide service to avoid breaching regulations.
Efficient Radio Resource Management and cell mapping – Logical cell mapping and frequency management in dynamic satellite systems heavily relies on knowledge of UE distribution.  Without this information, the systems may have to operate at significantly lower efficiency. 
Mobility Management – To support efficient mobility management in NTN, the size of TAI+CGI should ideally be comparable to TN deployments.  However, this resolution might be higher than the typical satellite beam footprint, making mobility far less efficient than optimal. 

Observation 1:  UE location reporting to the network is a fundamental requirement for NTN to support:
· Basic Regulatory Compliance
· Efficient Radio Resource Management and Cell Mapping
· Efficient Mobility Management

Mobility management in IoT NTN is currently based on the definition of Tracking Areas (TAs) and Mapped Cell IDs, which correspond to fixed geographical areas on ground. Assumption is that E-UTRAN would provide its best estimate of the UE’s location as a TAI+CGI to the MME. To support efficient mobility management (as least as efficient as supported in TN networks), the size of these TAI+CGI related areas should, ideally, be comparable to the ones used in terrestrial deployments (e.g., within 5-10 km for the mapped cell ID, similar to typical terrestrial network cell size). 
However, achieving a resolution within 5-10 km is challenging, especially with NGSO satellites that rely on large and earth-moving beams (e.g., beams of hundreds of kms in diameter) or GSO satellites. For these deployment cases, and given that NTN-capable devices are expected to support GNSS positioning, enabling UE reported location information (e.g., for example UE GNSS coordinates) would allow the MME to count with a more accurate UE location estimate that could be exploited for, e.g., improved mobility management.
Furthermore, with current flexible satellites, UE location is important also for resource management and dynamic cell mapping.  For this purpose, however, a lower resolution, down to 50-100 km (roughly equivalent to large terrestrial macro cell) could be sufficient.
To our best knowledge, in current specifications, there is no mandatory feature for UE location reporting for NB-IoT NTN devices. In more detail:
· The RRC CoarseLocationInfo mechanism introduced in Rel-17 is not supported for NB-IoT. Such mechanism was only defined for eMTC. The reason is that sending location information over RRC needs AS security to be in place and AS security is not mandatory for NB-IoT devices with support for CP CIoT EPS Optimization only. 
· In practice, for any kind of device that would only support CP CIoT EPS Optimization with Data over NAS, the same assumption will hold, thus AS security cannot be assumed to be in place.
· The LPP protocol, which actually would allow for reporting of GNSS coordinates from the UE to a location server on the network side, cannot be assumed to be supported by the device, as it is not mandatory for NB-IoT devices.  And in fact is NOT supported by the vast majority of NB-IoT devices. And in addition, presents significant overhead that may make certain use cases with small data transmissions unfeasible.

Observation 2: RRC CoarseLocationInfo mechanism was introduced in Release-17 IoT NTN for eMTC but not for NB-IoT NTN, due to lack of AS security and no alternative solution was provided.
Observation 3:  Methods relying on LPP cannot be relied upon, if anything because LPP is not supported by most NB-IoT UE implementations.  This is already affecting Release-17 UE and it’s clear that we must identify a different solution.
Previous discussion on the support of UE location reporting for NB-IoT NTN, including an early report of coarse UE location, was held in the context of Rel-17 (R2-2204458, R2-2204437) and some proposals assuming UE location knowledge on the CN side were considered when studying discontinuous coverage in SA2 in Rel-18 (TR 23.700-28, S2-2207184).  Moreover, the implicit requirement for UE location information in the context of satellite coverage crossing various regulatory areas was already assumed in the early phases of NTN system architecture studies (TR 23.737)
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Figure 1 - NTN cell coverage may span multiple regulatory areas, some of which may have restrictions which do not allow service to be provided.  Without UE location information, network may not be able to determine whether UE is allowed service or not.
However, due to a misjudgement on the required accuracy of the location reporting and the privacy and security implications related to its transmission early on during the access procedure, this functionality was not specified for NB-IoT.  Whilst currently the network has the ability to request UE for Location Information after explicit or implicit user consent through coarseLocationReq-r17, this mechanism is not available for NB-IoT, and moreover is implemented in UE-dedicated signalling, which is not scalable at all in a satellite network, where all UE are expected to report their location.
Lastly, the implementation of at least Coarse UE location reporting via an AS based solution was proposed in RAN2.  However, due to lingering privacy and security concerns due to the absence of AS security, and time concerns as to the feasibility of specifying a new mechanism, consensus could not be achieved, and it was instead proposed to consider a NAS based solution, which would not have such privacy and security concerns.
We therefore propose the following:
Proposal 1: Study and specify a NAS layer based solution for an NB-IoT UE in NTN to report its location to the network via NAS message as possible during the UE initial registration procedure, including those UE with support for CP CIoT EPS Optimization only.
· Complete UE location should be reported
· NAS security activation is assumed
· UE location report should be provided as early as possible during the NAS procedures
· The mechanism should be applicable for NB-IoT with CP solution for both EDT and non-EDT
· A mechanism should also be specified for the network to efficiently request a new UE location report to all or groups of UEs in a cell or cell group
· A mechanism needs to be considered for periodic reporting or when the UE location changes, if enabled by the network 

3. Conclusion
Observation 1:  UE location reporting to the network is a fundamental requirement for NTN to support:
· Basic Regulatory Compliance
· Efficient Radio Resource Management and Cell Mapping
· Efficient Mobility Management

Observation 2: RRC CoarseLocationInfo mechanism was introduced in Release-17 IoT NTN for eMTC but not for NB-IoT NTN, due to lack of AS security and no alternative solution was provided.
Observation 3:  Methods relying on LPP cannot be relied upon, if anything because LPP is not supported by most NB-IoT UE implementations.  This is already affecting Release-17 UE and it’s clear that we must identify a different solution.
Proposal 1: Study and specify a NAS layer based solution for an NB-IoT UE in NTN to report its location to the network via NAS message as possible during the UE initial registration procedure, including those UE with support for CP CIoT EPS Optimization only.
· Reporting of both Coarse- and Fine-grained UE location should be supported
· Implicit or explicit user consent should be assumed as a requirement
· NAS security activation is assumed
· UE location report should be provided as early as possible during the NAS procedures
· The mechanism should be applicable for NB-IoT with CP solution for both EDT and non-EDT
· A mechanism should also be specified for the network to efficiently request a new UE location report to all or groups of UEs in a cell or cell group
· A mechanism needs to be considered for periodic reporting or when the UE location changes, if enabled by the network 
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