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Introduction
In the agenda for RAN2#117-e, the discussion for IoT NTN UE capabilities is to be continued.
9.2.4	UE Capabilities
OI 4.1 [Company Tdocs Invited]: UE capability for supporting soft-switching procedure
OI 4.2 [Company Tdocs Invited]: UE capability for supporting PUR Timer modifications
OI 4.3 [Company Tdocs Invited]: Reuse of the existing CHO capability indication for IoT-NTN CHO
 OI 4.4 [Company Tdocs Invited]: Whether Capability Indication of existing IoT-Features until Rel-16 are reused in NTN, or to what extent they need to be duplicated to allow for different Interoperability Test (IOT) Status

For IoT NTN, a first e-mail discussion was held where the outcome is in [1] and for NR NTN, there was a related e-mail discussion held where the outcome is in [2]. 
In RAN2#116bis-e meeting, there was some progress on IoT NTN UE capabilities in the abovementioned e-mail discussion. As a result, the following proposal were made for agreement:
· IoT-NTN support is indicated by single per UE capability indication. This capability indication comprises of all RAN1 features needed for IoT-NTN and the following control plane and user plane functionalities of RAN2.
· TA Pre-compensation, RAR Window adjustments and MAC contention resolution Timer adjustments.
· Timer adjustments for PDCP/RLC/MAC for NTN operation.
· Acquisition of new SIB for IoT-NTN access
· GNSS Support.
· TA Reporting is optional for IoT-NTN UE with separate capability indication from UE
· Capability bit signalling is not needed for support of cell reselection based on timer functionality. UE not having this capability will follow legacy cell reselection behaviour.

The following topics were left for further discussion:
· FFS whether Support for soft TA switching procedure is optional for IoT-NTN UE.
· FFS whether Support for PUR Timer modifications is optional for IoT-NTN UE that supports PUR for terrestrial case. 
· FFS if the Existing CHO capability indication can be reused for IoT-NTN CHO (FFS if it can be applied to terrestrial case). 
· FFS whether Capability Indication of existing IoT-Features until Rel-16 are reused in NTN, or to what extent they need to be duplicated to allow for different Interop Test (IOT) Status.  


In this paper, we elaborate on the IoT NTN UE capabilities pushed for further study.
IoT NTN capabilities
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. The former indicates whether the feature has been successfully tested, while the latter indicates both successful implementation and testing. Hence, an IoT NTN UE may choose not to implement certain optional features.

Soft TA Switch procedure
In [1], a few companies indicated that soft TA switching would only be needed for NGSO deployments. Here, we understand soft TA Switch as UE’s ability to receive multiple TACs and report these multiple TACs to the NAS layer. As already agreed in RAN2#116-e, it is up to network implementation whether to use hard or soft TAC Switch depending on the type of deployment.
The same discussion has taken place in NR NTN where soft TA Switch procedure has been considered an essential capability for NGSO too. In [2], it has been supported by most companies that the broadcast of multiple TAC per cell per PLMN applies to both NGSO and GSO scenarios, given that it is feasible that the maximum beam footprint size in GSO is large enough to cover multiple Tracking Areas on the ground. As a result, this has been proposed to be confirmed in the next RAN2 meeting for NR NTN.
The maximum beam footprint size can be up to 3500 km in GSO and 1500 km in NGSO and will more likely cover several TA.
In addition, as pointed out by the rapporteur in [1], a UE camping on a cell might be unaware of the type of deployment due to SIB1not indicating the deployment – the UE would have to read SIBxx to get the ephemeris to know whether it is GSO or NGSO. If the network does not know whether the device supports multiple TAC per PLMN, this could have a high impact on UE’s Idle Mode functionality. Therefore, we concur with the rapporteur and the proposal in NR NTN to make this feature essential for both NGSO and GSO scenarios. We furthermore fail to see any UE complexity reasons why NGSO and GSO UEs cannot support it. 
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PUR timer adjustment
In RAN2#115-e, it was agreed to delay the start of pur-ResponseWindowTimer with UE-eNB RTT. PUR is an optional capability for NB-IoT and eMTC. This timer adjustment is only essential for GSO deployments, where the long RTT may have a negative impact on the PUR functionality. Therefore, PUR timer adjustment is not necessary for all satellite scenarios and can be indicated as a separate optional capability. As pointed out by the rapporteur in [1], it is finally the network deciding whether to activate PUR depending on the UE capabilities for a specific network deployment. Thus, there is no risk that PUR will be activated in GSO NTN without this capability being present in the UE.
PUR timer adjustment is not necessary for all satellite scenarios.
PUR timer adjustment should be an optional capability.

Indication for CHO
In the email discussion [1], there was some concern whether LTE-M even supports CHO for TN in Release 16. As many other aspects with this technology, given that there is no explicit indication in the standard [3] limiting its implementation, we assume it is supported.
There is no indication that suggests LTE-M does not support CHO in Rel16.
In RAN2#116-e, it was agreed that no enhancements are introduced to Release 16 CHO for eMTC NTN in Release 17. Therefore, for regular CHO operation, there are already 4 bits to indicate the capability which as far as we know can be signalled by an eMTC UE and can thus be reused in NTN. Thus, we think that there should not be any CHO specific capability for eMTC NTN.
There are no enhancements to Rel16 CHO in Rel17 for IoT NTN.
Present CHO optional capability can be reused for eMTC NTN in Release 17.

Applicability of TN features in IoT NTN
In [1], a few companies highlighted that UEs might signal capability for certain features in TN (e.g., WUS) but that may not be applicable for NTN due to not being supported or tested. Therefore, they propose to introduce a new parameter (or Information Element) to allow for a different Interoperability Test (IOT) Status. A similar discussion was held for NR NTN [2].
During the study item [4], essential and optional enhancements were identified to enable IoT support over NTN. In addition, the work item is based on the assumption that “all cellular IoT features specified up to Rel-16 are supported for IoT NTN” [4]. Thus, we would assume that only the specific adaptations to features that are special to NTN need a separate capability bit (e.g., PUR timer extension). Unless there is something specific that companies realize it is currently missing, we do not support creating separate NTN capabilities for all applicable IoT features. Even if something is identified, it should be assessed on a case-by-case basis.
No separate NTN capabilities are created for all IoT Features.
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[bookmark: _Hlk16780604]In the above sections, we made the following observations:
1. The maximum beam footprint size can be up to 3500 km in GSO and 1500 km in NGSO and will more likely cover several TA.
There is no indication that suggests LTE-M does not support CHO in Rel16.
There are no enhancements to Rel16 CHO in Rel17 for IoT NTN.

The following proposals where made:
1. The ability to receive multiple TACs and forward these to NAS should be mandatory for IoT NTN UEs.
PUR timer adjustment should be an optional capability.
Present CHO optional capability can be reused for eMTC NTN in Release 17.
No separate NTN capabilities are created for all IoT Features.
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