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Introduction
During RAN2#117-e, IoT NTN UE capabilities discussion continued, resulting in a new version of the 36.306 CR [1] and the following initial agreements being made [2].
·  Support for reception of multiple tracking areas in system information and updating the TA list to NAS is considered as mandatory capability for NTN access. 
· Timer modification for PUR operation for NTN is optional UE capability (assume with separate UE capability indication)
· CHO capability for eMTC-NTN is indicated by the existing LTE CHO capability indication.

One of the open issues left to be resolved is the agenda item OI 4.4, i.e., whether the capability indication of existing IoT-Features until Rel-16 can be reused in NTN, or to what extent they need to be duplicated to allow for different Interoperability Test (IOT) Status. In this paper, we elaborate on this remaining issue for IoT NTN UE capabilities.
IoT NTN capabilities
Firstly, we would like to clarify the apparent terminology confusion between supported, implemented and tested features. As defined in [3], UE radio access capabilities are parameters for which the UE may signal different values. The network respects these parameters when configuring or scheduling a UE. There are two types of features: mandatory and optional. For mandatory features, the capability parameter indicates whether the feature has been successfully tested, while for optional features it indicates both successful implementation and testing. Hence, an IoT NTN UE may choose not to implement certain optional features despite being supported by the standard. Similarly, a UE might support some mandatory feature but decide not to indicate it due to lack of testing.
Applicability of TN features in IoT NTN
The report in [2] summarizes the concerns of some companies regarding the possibility of some TN features not being supported by UE for NTN access due to, for instance, a lack of testing for NTN access. Most of the potential issues should have already been identified in the SI [4] but there might be some exceptions [5] and without testing there is no guarantee that a working feature in TN would work fine in NTN.
[bookmark: _Toc101829299]Although most potential issues should have been identified in the SI, there might be counted exceptions.
Therefore, some companies have proposed to introduce a new parameter (or Information Element) to allow for a different Interoperability Test (IoT) Status. As we mentioned in [6], we believe that it is not feasible to do it with all IoT NTN capabilities and that would unnecessarily increment the complexity and size of the capability reporting. Still, we acknowledge a few exceptions might be identified, so IoT bits could be specified in those specific cases.
[bookmark: _Toc101829302]Separate Interoperability Test bits for IoT NTN might be added if cases were TN features would not apply to NTN are found.
However, this is only an issue in the specific case of handover between TN and NTN which may only happen in eMTC. The main reason being the exchange of the capability container between the source and target nodes during handover. In addition, it is only optional for the target node to re-acquire UE capabilities after handover completion. As specified in 36.300 [7]:
The eNB may acquire the UE capabilities after a Handover completion. The UE capabilities are then uploaded to the MME.
Usually during handover preparation, the source RAN node transfers both the UE source RAT capabilities and the target RAT capabilities to the target RAN node, in order to minimize interruptions and to follow the principles in clause 10.2.2
Thus, given that the same information might be reused, there is no guarantee that the UE reported capabilities for TN apply also to NTN.
[bookmark: _Toc101829300]The necessity of IoT bits would only be justified for eMTC to cover the scenario of HO between TN and NTN.
In this way, this issue is not a problem for NB-IoT, where there is no handover, so it is possible to reuse the capability indication in this case.
[bookmark: _Toc101829303]Capability indication of existing NB-IoT features is reused for NB-IoT-NTN.
Regarding the issue with eMTC, we believe this could easily be solved by a smart UE and network implementation. As abovementioned, the source and target nodes will exchange the IE UE-CapabilityRAT-ContainerList in the HandoverPreparationInformation message. As defined in 36.331:
HandoverPreparationInformation-r8-IEs ::= SEQUENCE {
	ue-RadioAccessCapabilityInfo		UE-CapabilityRAT-ContainerList,
	as-Config							AS-Config					OPTIONAL,		-- Cond HO
	rrm-Config							RRM-Config					OPTIONAL,
	as-Context							AS-Context				OPTIONAL,		-- Cond HO
	nonCriticalExtension				HandoverPreparationInformation-v920-IEs		OPTIONAL
}

However, by implementation, this container could be left empty whenever there is a handover between TN and NTN. Thus, the target node would proceed to enquiry UE capabilities from the UE whenever the handover is completed and there would be any possibility of confusion and need to introduce any further complexity in the capability reporting, i.e., interoperability bits.
UE-CapabilityRAT-ContainerList ::=SEQUENCE (SIZE (0..maxRAT-Capabilities)) OF UE-CapabilityRAT-Container

It can be argued that retrieving the capabilities can take time after having performed the handover, but it is likely that moving from a terrestrial network to a non-terrestrial network should be a rather uncommon occurrence, that will anyways take time due to the difference in how a terrestrial and a non-terrestrial network operates. 
[bookmark: _Toc101829304]UE reported capabilities are only valid in the network type they are reported.
[bookmark: _Toc101829305]It is up to network implementation to request UE Capabilities to a eMTC UE after a TN-NTN handover.
[bookmark: _Toc101829306]Capability indication of existing eMTC features is reused for eMTC-NTN.
GNSS position validity duration reporting
In RAN2#117-e, it was agreed that the UE will report the remaining GNSS validity duration to the network. This was introduced to optimize the UE scheduling in RRC_CONNECTED state and simplify network operations since UEs will autonomously move to RRC_IDLE state to reacquire GNSS position whenever this timer expires. Thus, we think the reporting of the GNSS validity duration should be a mandatory capability for the UE while it should be configurable by the network.
[bookmark: _Toc101734765][bookmark: _Toc101829307]Reporting of the GNSS validity duration is a mandatory capability for IoT NTN UEs.

[bookmark: _Toc92269610][bookmark: _Toc92269664][bookmark: _Toc92269611][bookmark: _Toc92269665]3 Conclusion
In the previous sections we made the following observations: 
Observation 1	Although most potential issues should have been identified in the SI, there might be counted exceptions.
Observation 2	The necessity of IoT bits would only be justified for eMTC to cover the scenario of HO between TN and NTN.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Separate Interoperability Test bits for IoT NTN might be added if cases were TN features would not apply to NTN are found.
Proposal 2	Capability indication of existing NB-IoT features is reused for NB-IoT-NTN.
Proposal 3	UE reported capabilities are only valid in the network type they are reported.
Proposal 4	It is up to network implementation to request UE Capabilities to a eMTC UE after a TN-NTN handover.
Proposal 5	Capability indication of existing eMTC features is reused for eMTC-NTN.
Proposal 6	Reporting of the GNSS validity duration is a mandatory capability for IoT NTN UEs.
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