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1 Introduction
RAN2#116bis-e and RAN2#117-e has discussed UE capabilities and capabilities differentiation between TN and NTN in [1]

 REF _Ref98326217 \r \h 
 \* MERGEFORMAT [2] for IOT NTN. However, no consensus on the need was reached.
Similar discussions took place for NR NTN [3], with the following conclusion:

· The discussion on IoT bits for existing TN UE capabilities is postponed to next meeting. Companies are encouraged to bring up papers with the list of existing UE capabilities which need separate NTN IoT bits.
In this document, we discuss TN-NTN differentiation for NB-IoT. 
2 Discussion
The need for an IOT bit to indicate that an existing optional TN feature is (also) supported in NTN has been discussed for two meetings without conclusion.
In general, duplicating the capabilities creates market fragmentation and signalling overhead and should be avoided.  In particular, for NB-IoT, since the beginning, a general effort has been made to keep the number of capabilities to a minimum.
The two tables hereafter list the ‘per UE’ capabilities that have associated signalling and they have been classified into three categories:
· independent of any NTN enhancement
· dependent on NTN general enhancements (i.e. NTN essential feature)
· dependent on NTN feature specific enhancement
	UE-Capability-NB field descriptions
	FDD/TDD appl
	FDD/TDD diff

	accessStratumRelease

Set to rel16 in this version of the specification.
	FDD/TDD
	No

	additionalTransmissionSIB1

Indicates whether the UE supports additional SIB1 transmission as specified in TS 36.213 [23].
	FDD
	-

	anr-Report

Indicates whether the UE supports ANR measurements in RRC_IDLE.
	FDD/TDD
	No

	dataInactMon
Indicates whether the UE supports the data inactivity monitoring as specified in TS 36.321 [6].
	FDD/TDD
	No

	dl-ChannelQualityReporting-r16

Indicates whether the UE supports DL channel quality reporting in connected mode as specified in TS 36.321 [6].
	FDD
	-

	earlyData-UP, earlyData-UP-5GC

Indicates whether the UE supports EDT for User plane CIoT EPS/5GS optimisations, as defined in TS 24.301 [35] and 24.501 [95] respectively.
	FDD
	-

	earlySecurityReactivation

Indicates whether the UE supports early security reactivation when resuming a suspended RRC connection.
	FDD/TDD
	No

	interferenceRandomisation

For FDD: Indicates whether the UE supports interference randomisation in connected mode as defined in TS.36.211 [21].
	FDD
	-

	maxNumberROHC-ContextSessions

Set to the maximum number of concurrently active ROHC contexts supported by the UE, excluding context sessions that leave all headers uncompressed. cs2 corresponds with 2 (context sessions), cs4 corresponds with 4 and so on. The network ignores this field if the UE supports none of the ROHC profiles in supportedROHC-Profiles.
	FDD/TDD
	No

	mixedOperationMode

Defines whether the UE supports multi-carrier operation with mixed operation mode, standalone or inband/guardband, between the anchor carrier and the non-anchor carrier for unicast, paging, and random access as specified in TS 36.300 [9].
	FDD
	-

	multiCarrier

Defines whether the UE supports multi -carrier operation.
	FDD/TDD
	Yes

	multicarrier-NPRACH

Defines whether the UE supports NPRACH on non-anchor carrier as specified in TS 36.321 [6].
	FDD/TDD
	Yes

	multipleDRB

Defines whether the UE supports multiple DRBs.
	FDD/TDD
	No

	multiNS-Pmax

Defines whether the UE supports the mechanisms defined for NB-IoT cells broadcasting NS-PmaxList-NB.
	FDD/TDD
	No

	multiTB-HARQ-AckBundling

Indicates whether the UE supports HARQ ACK bundling for interleaved transmission for DL.

If multiTB-HARQ-AckBundling is included, the UE shall also indicate support for npdsch-MultiTB-Interleaving.
	FDD
	-

	multiTone

Defines whether the UE supports UL multi-tone transmissions on NPUSCH.
	FDD/TDD
	Yes

	npdsch-MultiTB

Indicates whether the UE supports multiple TBs scheduling in RRC_CONNECTED for DL.

If npdsch-MultiTB is included, the UE shall also indicate support for twoHARQ-Processes.
	FDD
	-

	npdsch-MultiTB-Interleaving

Indicates whether the UE supports interleaved transmission when multiple TBs is scheduled in RRC_CONNECTED for DL.
	FDD
	-

	nprach-Format2

Defines whether the UE supports NPRACH resources using preamble format 2.
	FDD
	-

	npusch-3dot75kHz-SCS-TDD

Indicates whether the UE supports NPUSCH with 3.75kHz SCS for TDD.
	TDD
	-

	npusch-MultiTB

Indicates whether the UE supports multiple TBs scheduling in RRC_CONNECTED for UL.

If npusch-MultiTB is included, the UE shall also indicate support for twoHARQ-Processes.
	FDD
	-

	npusch-MultiTB-Interleaving

Indicates whether the UE supports interleaved transmission when multiple TBs is scheduled in RRC_CONNECTED for UL.
	FDD
	-

	powerClassNB-14dBm

Defines whether the UE supports power class 14dBm in all the bands supported by the UE as specified in TS 36.101 [42].

If powerClassNB-20dBm is included, the UE shall not include the field powerClassNB-14dBm.
	FDD/TDD
	No

	powerClassNB-20dBm

Defines whether the UE supports power class 20dBm in NB-IoT for the band, as specified in TS 36.101 [42]. If neither powerClassNB-14dBm nor powerClassNB-20dBm is included, UE supports power class 23 dBm in the NB-IoT band.
	FDD/TDD
	No

	pur-CP-EPC, pur-CP-5GC
Indicates whether the UE supports transmission using PUR for Control plane CIoT EPS/5GS optimisations, as defined in TS 24.301 [35] and TS 24.501 [95] respectively.
	FDD
	-

	pur-CP-L1Ack

Indicates whether UE supports L1 acknowledgement in response to CP transmission using PUR.

If pur-CP-L1Ack is included, the UE shall also indicate support for pur-CP-EPC or pur-CP-5GC.
	FDD
	-

	pur-NRSRP-Validation

Indicates whether UE supports serving cell NRSRP for TA validation for transmission using PUR.

If pur-NRSRP-Validation is included, the UE shall also indicate support for pur-CP-EPC,  pur-CP-5GC, pur-UP-EPC or pur-CP-5GC.
	FDD
	-

	pur-UP-EPC, pur-UP-5GC
Indicates whether the UE supports transmission using PUR for User plane CIoT EPS/5GS optimisations, as defined in TS 24.301 [35] and TS 24.501 [95] repectively.
	FDD
	-

	rach-Report

Indicates whether the UE supports delivery of rach-Report.
	FDD/TDD
	No

	rai-Support

Defines whether the UE supports release assistance indication (RAI) as specified in TS 36.321 [6].
	FDD/TDD
	No

	rai-SupportEnh

Indicates whether the UE supports AS Release Assistance Indication via the DCQR and AS RAI MAC CE when connected to EPC as specified in TS 36.321 [6].
	FDD/TDD
	No

	rlc-UM

Defines whether the UE supports RLC UM as specified in TS 36.322 [7].
	FDD/TDD
	No

	slotSymbolResourceResvDL

Indicates whether the UE supports slot/symbol-level time-domain DL resource reservation, e.g. for NB-IoT coexistence with NR.

If slotSymbolResourceResvDL is included, the UE shall also indicate support for subframeResourceResvDL.
	FDD/TDD
	Yes

	slotSymbolResourceResvUL

Indicates whether the UE supports slot/symbol-level time-domain UL resource reservation, e.g. for NB-IoT coexistence with NR.

If slotSymbolResourceResvUL is included, the UE shall also indicate support for subframeResourceResvUL.
	FDD/TDD
	Yes

	supportedBandList
Includes the supported NB-IoT bands as defined in TS 36.101 [42].
	FDD/TDD
	No

	sr-SPS-BSR


Defines whether the UE supports SR using SPS BSR as specified in TS 36.321 [6].
	FDD
	-

	sr-withHARQ-ACK


Defines whether the UE supports physical layer SR with HARQ ACK as specified in TS 36.213 [23].
	FDD
	-

	sr-withoutHARQ-ACK


Defines whether the UE supports physical layer SR without HARQ ACK as specified in TS 36.211 [21] and TS 36.213 [23].
	FDD
	-

	subframeResourceResvDL

Indicates whether the UE supports subframe-level time-domain DL resource reservation, e.g. for NB-IoT coexistence with NR.
	FDD/TDD
	Yes

	subframeResourceResvUL

Indicates whether the UE supports subframe-level time-domain UL resource reservation, e.g. for NB-IoT coexistence with NR.
	FDD/TDD
	Yes

	supportedROHC-Profiles

List of supported ROHC profiles as defined in TS 36.323 [8].
	FDD/TDD
	No

	twoHARQ-Processes

Defines whether the UE supports two HARQ processes operation in DL and UL as specified in TS 36.212 [22] and TS 36.213 [23].
	FDD/TDD
	Yes

	ue-Category-NB

UE category as defined in TS 36.306 [5]. Value nb1 corresponds to UE category NB1, value nb2 corresponds to UE category NB2.

A UE shall always include the field ue-Category-NB-r13 in this version of the specification.
	FDD/TDD
	Yes


	UE-RadioPagingInfo-NB field descriptions

	groupWakeUpSignal

Indicates whether the UE in RRC_IDLE supports GWUS without group resource alternation for paging in DRX in FDD as specified in TS 36.211 [21], TS 36.213 [23] and TS 36.304 [4]. If this field is included, the minimum gap between GWUS and associated PO for DRX is fixed as 40 ms.

	groupWakeUpSignalAlternation

Indicates whether the UE in RRC_IDLE supports GWUS with group resource alternation for paging in DRX in FDD as specified in TS 36.211 [21], TS 36.213 [23] and TS 36.304 [4]. If this field is included, the minimum gap between GWUS and associated PO for DRX is fixed as 40 ms.

	mixedOperationMode

Indicates whether the UE supports multi-carrier operation with mixed operation mode, standalone or inband/guardband, between the anchor carrier and non-anchor carrier for unicast, paging, and random access, as specified in TS 36.300 [9].

	multiCarrierPaging

Indicates whether the UE supports paging on non-anchor carriers as defined in TS 36.304 [4].

	multiCarrierPagingTDD

Indicates whether the UE supports paging on non-anchor carriers for TDD as defined in TS 36.304 [4].

	ue-Category-NB

UE NB-IoT category as defined in TS 36.306 [5]. Value nb1 corresponds to UE category NB1, value nb2 corresponds to UE category NB2.

A UE shall always include the field ue-Category-NB-r13 in this version of the specification.

	wakeUpSignal

Indicates whether the UE supports WUS for paging in DRX in FDD as specified in TS 36.304 [4]. If this field is included, the minimum gap between WUS and associated PO for DRX is fixed as 40 ms.

	wakeUpSignalMinGap-eDRX

Indicates the minimum gap the UE supports between WUS or GWUS and associated PO in case of eDRX in FDD, as specified in TS 36.304 [4]. Value ms40 corresponds to 40 ms, value ms240 corresponds to 240 ms and so on.

If this field is included, the UE shall also indicate support for WUS or GWUS for paging in DRX.


Based on the above list, for features with no enhancement at all for NTN, e.g. Release assistance indication or DL Channel Quality Reporting, we do not see any justification for differentiation.

Proposal 1: For NB-IoT, do not introduce TN-NTN differentiation for features not dependent on any NTN enhancements.

Based on the above list, for features where no other enhancement than the mandatory NTN enhancements, e.g. EDT or sr-withoutHARQ-ACK, there is no further impact on the implementation (note that RAN1 has introduced the enhancements in a generic way, i.e. independently of which features were using them), thus indicating support of NTN is sufficient. If problems are discovered later that require some specification changes, then a capability can be added later.

Proposal 2: For NB-IoT, do not introduce TN-NTN differentiation for features only requiring NTN mandatory enhancements.
For features where enhancements specific to the feature have been introduced in NTN, i.e. PUR, a new capability (not an IOT bit) should be introduced for the support of the corresponding enhancements.

Proposal 3: For NB-IoT, introduce specific NTN capabilities for NTN feature specific enhancements.
There may be other reasons for the UE (e.g. vendor specific) to report different capabilities for different types of access. However, this is already supported by existing specifications (UE performing TAU with a capability update indication). We think this is sufficient and should not impact the overall system performance for the following reasons:

· Connected mode mobility is not supported; 
· The UE performs TAU when changing between TN and NTN, as SA2 has agreed on separate TAIs for TN access and NTN access (see TS 23.401 section 4.13.3);

· It is not expected that a NB-IoT UE will switch frequently between TN and NTN. 

Proposal 4: For NB-IoT, do not introduce new mechanism for the UE to report different capabilities for TN and NTN access.

3 Conclusion
In this document, we have TN- NTN for NB-IoT and made the following proposals:
Proposal 1: For NB-IoT, do not introduce TN-NTN differentiation for features not dependent on any NTN enhancements.

Proposal 2: For NB-IoT, do not introduce TN-NTN differentiation for features only requiring NTN mandatory enhancements.
Proposal 3: For NB-IoT, introduce specific NTN capabilities for NTN feature specific enhancements.
Proposal 4: For NB-IoT, do not introduce new mechanism for the UE to report different capabilities for TN access and NTN access.
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