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1. Introduction

The WID of IoT NTN[1] is to specify support of NB-IoT and eMTC over NTN, which was based on the IoT NTN study report in TR 36.763[2]. Till now some agreements related to UE capability are achieved as follows:

	· GNSS capability in the UE is taken as a working assumption in this study for both NB-IoT and eMTC devices.

· Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed.

· It is assumed that all cellular IoT features specified up to Rel-16 are supported for IoT NTN.

· It is assumed that both NB-IoT multi-carrier operation and NB-IoT single-carrier operation are supported as a baseline.

· From RAN2 perspective, for UE with UE-specific pre-compensation as a baseline it is up to eNB implementation to ensure sufficient time on UE side for the Msg3 transmission for IoT NTN.

· Location-assisted cell reselection (e.g. as for NR NTN) is not supported for IoT NTN in rel 17.

· No enhancement to R16 RLF and RRC connection Re-establishment procedures are introduced in R17.  (this does not include handling of UL synchronisation loss which is FFS and does not include non continuous coverage).

· Support TA reporting in RRC connected mode in IoT NTN.

· UE-specific TA report uses MAC CE.

· Support event-triggered for TA reporting in connected mode. Wait for NR NTN agreements for other triggers.


With reference to these agreements, in this contribution, we will discuss the UE capability reporting for IoT NTN. 
2. Discussion

UE’s radio capability reporting is usually used for assisting eNB to configure radio parameters and/or maintain the UE mobility in RRC_CONNECTED. Since IoT NTN is a new feature, whether to define UE’s IoT NTN capability should be considered.
Considering that UE-specific TA pre-compensation is necessary for IoT NTN, only the UE which supports IoT NTN technology can camp or access an IoT NTN cell.

Observation 1: As UE-specific TA pre-compensation is a new and mandatory function for IoT NTN UE, only the UE which supports IoT NTN technology can camp or access an IoT NTN cell.
Therefore, if a UE can access the IoT NTN cell, the network can assume that it supports IoT NTN technology and can provide NTN corresponding radio configuration to it. For this aspect, no UE capability of supporting NTN needs to be reported to network. However, for the mobility scenario, in order to facilitate the source cell to determine whether and how to handover an IoT NTN UE to other cell, e.g., to TN cell or NTN cell, it still needs UE to report its capability of supporting NTN to the network.
Since UE mobility procedure in RRC_CONNECTED (e.g. handover) is not supported for NB-IoT, it is not necessary for NB-IoT UE to report IoT NTN supporting capability.

Observation 2: It is not necessary for NB-IoT UE to report UE capability of supporting NTN.
Generally, IoT UE can report and explicit UE capability of supporting NTN. But we think another implicit way can also be considered. Based on RAN4 approved CR for NR NTN[3], it has been agreed to define new frequency band for NR NTN, e.g. n255 and n256 are NR NTN specific frequency band. That means: if UE supports n255 or n256 frequency band, it will support NR NTN. Since UE can already report the supported band list, the UE’s NR NTN capability can be implicitly indicated by supportedBandListNR IE in UECapabilityInformation, which can be used for assisting gNB to maintain the mobility for UE in RRC_CONNECTED (e.g. eNB can decide whether it can handover the UE from TN cell to NTN cell).

Although RAN4 has not started the IoT NTN discussion yet, we can assume that RAN4 will follow the NR NTN agreement and also define new frequency band for eMTC over NTN. Same as NR NTN, if RAN4 defines new frequency bands for eMTC over IoT, the eMTC UE’s IoT NTN capability can be implicitly indicated by supportedBandListEUTRA in UECapabilityInformation.

Observation3: If RAN4 defines new frequency bands for eMTC over IoT, the eMTC UE’s IoT NTN capability can be implicitly indicated by supportedBandListEUTRA in UECapabilityInformation.
So, whether to introduce IoT NTN capability for eMTC UE depends on the RAN4’s frequency bands definition for eMTC over NTN.

Proposal 1: Wait for RAN4 definition for eMTC NTN frequency bands to decide whether to introduce IoT NTN capability for eMTC UE. 

Although GNSS capability in the UE is taken as a working assumption for both NB-IoT and eMTC devices in NTN network, some companies have proposed to support IoT NTN without GNSS in the future. Since it has been agreed that simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed, it should be specified clearly. For IoT test and for future extension, it is suggested to report UE’s GNSS capability and to specify that it is mandatory supporting GNSS measurement in this release for UEs supporting IoT NTN frequency bands, and the simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed.

Proposal 2: Introduce UE capability of supporting GNSS and specify in the capability definition that it is mandatory supporting GNSS measurement in this release for UEs supporting IoT NTN frequency bands, and the simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. 
Since it is assumed that all cellular IoT features specified up to Rel-16 are supported for IoT NTN, the capabilities of all cellular IoT features specified up to Rel-16 can be reused in IoT NTN.

Observation 4:  The capabilities of all cellular IoT features specified up to Rel-16 can be reused in IoT NTN.
Whether Rel-17 IoT features can be supported in IoT NTN has not decided yet. In Rel-17, the following features are mainly introduced in IoT:

· Support 16-QAM for NB-IoT UEs.
· This feature can improve the UE’s throughput, and only impacts the UE’s modulation capability, it can be used in IoT NTN without any enhancement.
· Support additional PDSCH scheduling delay for introduction of 14-HARQ processes in DL for eMTC UEs.

· Since UE-eNB RTT has been added to the (UL) HARQ RTT Timer, it can be applied for additional PDSCH scheduling delay. Since 14HARQ processes can improve the UE throughput, and is especially suitable for the large RTT case (e.g. LEO or GEO case), it can be used in IoT NTN without any enhancement. 
· Support neighbor cell measurement before RLF for NB-IoT UEs.

· Discontinuous coverage issue may widely exist in IoT NTN network, in which case neighbor cell measurement before RLF is not necessary. Since it has been agreed that No enhancement to R16 RLF and RRC connection Re-establishment procedures are introduced in R17, we assume the Rel-17 neighbor cell measurement before RLF is not used for IoT NTN.
· Support for NB-IoT carrier selection based on the coverage level.

· This feature can save the paging resource, and be mainly suitable for the stationary UEs (e.g. the UEs camps on the last cell, and the RSRP does not become worse). So it can be used in GEO case without any enhancement but may have not much gain in LEO case. Considering that this feature depends on cell configuration information for carrier selection based on the coverage level, even the UE supports this feature, it will not be used if the cell does not provide the related CEL-based paging carrier configuration. So, the UE capability can be reused for IoT NTN, and whether this feature is used in IoT NTN depends on network implementation, e.g., whether network provides the related configuration.
· Support a maximum DL TBS of 1736 bits for HD-FDD Cat. M1 UEs in CE mode A only.
· This feature can improve the UE’s throughput, and only impacts the UE’s modulation capability, it can be used in IoT NTN without any enhancement.
Proposal 3: Except the Rel-17 NB-IoT feature of neighbor cell measurement before RLF, all other Rel-17 IoT features and related UE capabilities can be reused for IoT NTN.
It has been agreed to support TA reporting in RRC connected mode in IoT NTN and to support event-triggered TA reporting in connected mode. Considering that TA reporting in RRC connected mode is not a mandatory feature, and only RRC connected TA reporting capable UE can be triggered to report TA in RRC connected mode, a TA reporting capability in RRC connected mode should be introduced. Since this capability is only used by eNB when the UE is in RRC connected mode, it can be included in UECapabilityInformation-NB and in UECapabilityInformation.
Proposal 4: Introduce RRC connected mode TA reporting capability in UECapabilityInformation-NB and in UECapabilityInformation message.
RAN1 has agreed to support Segment duration configuration for large repetition case for IoT over NTN and also agreed that if UEs support NSGO scenarios, it must indicate this FG is supported. Generally, UE capable of NGSO will also support GSO. Considering that this feature is not used for TN, it is suggested to introduce only an IoT bit of Segment duration configuration for IoT over NTN, and specify that it should be set to support in this release.
Proposal 5: Introduce an IoT bit of Segment duration configuration for IoT over NTN and specify that it is mandatory for UE supporting IoT NTN to support it in this release.
3. Conclusions

In this contribution, we make the following proposals:

Observation 1: As UE-specific TA pre-compensation is a new and mandatory function for IoT NTN UE, only the UE which supports IoT NTN technology can camp or access an IoT NTN cell.
Observation 2: It is not necessary for NB-IoT UE to report UE capability of supporting NTN.
Observation3: If RAN4 defines new frequency bands for eMTC over IoT, the eMTC UE’s IoT NTN capability can be implicitly indicated by supportedBandListEUTRA in UECapabilityInformation.
Proposal 1: Wait for RAN4 definition for eMTC NTN frequency bands to decide whether to introduce IoT NTN capability for eMTC UE. 

Proposal 2: Introduce UE capability of supporting GNSS and specify in the capability definition that it is mandatory supporting GNSS measurement in this release for UEs supporting IoT NTN frequency bands, and the simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. 
Observation 4:  The capabilities of all cellular IoT features specified up to Rel-16 can be reused in IoT NTN.
Proposal 3: Except the Rel-17 NB-IoT feature of neighbor cell measurement before RLF, all other Rel-17 IoT features and related UE capabilities can be reused for IoT NTN.
Proposal 4: Introduce RRC connected mode TA reporting capability in UECapabilityInformation-NB and in UECapabilityInformation message.
Proposal 5: Introduce an IoT bit of Segment duration configuration for IoT over NTN and specify that it is mandatory for UE supporting IoT NTN to support it in this release.
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