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1 Introduction
During the email discussion [Post116-e][111][NTN] UE capabilities (Intel), the UE capabilities for NR NTN have been discussed [1].

In this contribution, we provide our views on the UE capabilities for IoT NTN.

2 Discussion
2.1 General aspects
In TS 36.331, NB-IoT UE capabilities are included in UE-Capability-NB, while eMTC UE capabilities are conveyed in UE-EUTRA-Capability. For IoT NTN, the features can be categorized as follows:
1) Common to both NB-IoT and eMTC: for these features, we need separate capabilities for NB-IoT and eMTC

2) Only applicable to NB-IoT or eMTC: for instance, CHO only applies to eMTC. For these features, we only need one capability

In the following discussion, we stick to the above principle. Unless explicitly mentioning some feature is NB-IoT specific or eMTC specific, we will not differentiate between NB-IoT and eMTC in the proposals for simplicity.
In the NR NTN draft CRs [2]
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[3], the principle is to have one set of UE capabilities for GSO and NGSO as baseline, and if some capability is identified as GSO-specific or NGSO-specific, separate capabilities can be introduced. Besides, some essential features have been identified for NR NTN, the essential features are grouped into one single capability. The similar approach can be adopted for IoT NTN. 
RAN1 has sent the feature list [4], which already contains a general capability for the support of IoT NTN “Basic IoT over NTN support” with the following components:

	1. UE derives its position based on its GNSS measurements

[1-1. UE report the validity duration of GNSS]

2. Receive serving satellite ephemeris in either state vector format or orbital element format 

4. UE specific TA calculation in RRC_IDLE and RRC_CONNECTED state based on its GNSS-acquired position and the serving satellite ephemeris

6. UE applies common TA in RRC_IDLE and RRC_CONNECTED according to the parameters provided by the network (UE considers common TA as 0 if the parameter is not provided)

[7. For TA update in RRC_CONNECTED state, combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., received TA commands) control loops]

8. In RRC_IDLE and RRC_CONNECTED state, UE calculates frequency pre-compensation to counter shift the Doppler experienced on the service link [in DL] [and] [in UL]

10. Support a validity timer of UL synchronization is configured by the network 

13. UE applies cell specific K_offset in timing relationship enhancements

14.UE estimates UE-gNB RTT

[15. delaying the starts of ra-ResponseWindow]

[16. UE receives cell specific K_mac]

17. In RRC_IDLE state and RRC_CONNECTED state, pre-compensate the calculated frequency offset and TA in uplink transmissions


These features are considered as basic features from RAN1 perspective. RAN2 can add RAN2-related essential features on this basis, and introduce a general capability for the support of IoT NTN.
Proposal 1: Introduce a general capability for the support of IoT NTN (including GSO and NGSO). If the UE indicates the capability, it shall support essential features for IoT NTN.

In Rel-16, there is a GNSS capability which applies to eMTC but not to NB-IoT [5]:
	4.3.13.2
standaloneGNSS-Location
This parameter defines whether the UE is equipped with a standalone GNSS receiver that may be used to provide detailed location information in RRC measurement report and logged measurements in RRC_IDLE.


Since in IoT NTN WI, GNSS capability in the UE is taken as a working assumption for both NB-IoT and eMTC devices, 1) for eMTC, the standaloneGNSS-Location should be conditionally mandatory when the UE indicates the IoT NTN capability; 2) for NB-IoT, support of standalone GNSS is part of IoT NTN essential feature.
Proposal 2: For eMTC, standaloneGNSS-Location is mandatorily supported if the UE supports IoT NTN. For NB-IoT, support of standalone GNSS is part of IoT NTN essential feature.
2.2 User plane capabilities
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Apart from TA reporting, other user plane enhancements are mainly delayed start or extended value of timers to cope with the large RTD and should be considered essential. The TA reporting is used to make the scheduling more efficient, and should be viewed as an optional feature.

In the agreed feature list from RAN1 [4], RAN1 has already defined a TA reporting related feature group “UE specific TA pre-compensation reporting”. However, from RAN2 perspective, there should be separate capabilities since the TA reporting in Msg3/Msg5 and the event-Triggered TA reporting have different implementation complexity. Besides, in GEO scenarios, the UE only needs to report TA during RACH since the TA is not likely to change (or the change is negligible) after the UE enters CONNECTED mode.
Proposal 3: For user plane enhancements, adaptation of timers is essential whereas TA reporting via MAC CE is optional. For TA reporting, separate capabilities (one for TA reporting in Msg3/Msg5, the other for event-Triggered TA reporting) are introduced.
To align the understanding, RAN1 should be informed.

Proposal 4: Send an LS to RAN1 on UE capabilities regarding TA reporting.
2.3 Control plane capabilities
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Control plane enhancements include the following:

1) Acquisition of NTN-specific SIB: The new SIB includes at least ephemeris information, which is critical for the UE to calculate UE-specific RTD. The UE-specific RTD is useful for performing random access and for adaptation of user plane timers. Moreover, the ephemeris information is likely to be used in the prediction of coverage in discontinuous coverage scenarios. Therefore, the acquisition of NTN-specific SIB should be considered essential.

2) Stop-time based reselection: Stop time based is introduced for IOT NTN to improve the performance. As this is related to UE IDLE mode procedure, this can be optional w/o capability reporting.
3) Soft TAC update: In IoT NTN, fixed TA is employed and the network can broadcast multiple TACs to avoid frequent TA update. Frequent TA update leads to excessive UE power consumption, so the soft TAC update should be considered as an essential feature.

4) CHO for eMTC: CHO is introduced for eMTC for IOT NTN in order to improve the handover performance. However, the system can work w/o it and thus support should be optional.
5) TA reporting via RRC signalling: The details of TA reporting via RRC signalling is FFS in IoT NTN pending SA3 reply, we think this feature, if supported, should be optional.
Proposal 5: For control plane enhancements, essential features include acquisition of NTN-specific SIB, and soft TAC update; optional features include stop-time based reselection, CHO for eMTC and TA reporting via RRC signalling.
2.4 Other

For the capabilities discussed above, we do not see the necessity for TDD/FDD differentiation, the granularity can be per UE.
Proposal 6: The UE capabilities for IoT NTN are per UE.
CHO is not supported in Rel-16 for eMTC and is introduced in rel-17 for NTN. It should be discussed whether this feature can also be made applicable to TN.

Proposal 7: RAN2 to discuss whether support of CHO for eMTC is also applicable to TN.
3 Conclusion

In this contribution, we discussed UE capabilities for IoT NTN and propose the following:

Proposal 1: Introduce a general capability for the support of IoT NTN (including GSO and NGSO). If the UE indicates the capability, it shall support essential features for IoT NTN.

Proposal 2: For eMTC, standaloneGNSS-Location is mandatorily supported if the UE supports IoT NTN. For NB-IoT, support of standalone GNSS is part of IoT NTN essential feature.
Proposal 3: For user plane enhancements, adaptation of timers is essential whereas TA reporting via MAC CE is optional. For TA reporting, separate capabilities (one for TA reporting in Msg3/Msg5, the other for event-Triggered TA reporting) are introduced.

Proposal 4: Send an LS to RAN1 on UE capabilities regarding TA reporting.
Proposal 5: For control plane enhancements, essential features include acquisition of NTN-specific SIB, and soft TAC update; optional features include stop-time based reselection, CHO for eMTC and TA reporting via RRC signalling.
Proposal 6: The UE capabilities for IoT NTN are per UE.

Proposal 7: RAN2 to discuss whether support of CHO for eMTC is also applicable to TN.
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