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1 Introduction
Rel-16 work item on additional enhancements for NB-IoT was approved at RAN#86 [1] and is coming to completion. 

One of the remaining aspect to conclude is the UE capabilities. A number of them are already been discussed and captured in TS 36.331 [5] and TS 36.306 [6] and an email discussion [Post109e#14][NBIOT] 36.306 CR (BlackBerry) was agreed to capture the agreements of RAN2#109e [4].

In this document, we discuss aspects that not been finalised, especially TDD/FDD and EPC/5GC differentiation. 
This document is a revision of R2-2000622 taking into account the agreements made at RAN2#109e.
2 Discussion
2.1 GWUS

Capabilities
At RAN2#109e, the following working assumption was made:

· Support of Release 16 WUS is independent to support of Release 15 WUS.
Then, there is the question whether the existing capability wakeUpSignalMinGap-eDRX-r15 also applies to Rel-16 WUS or whether a new capability is needed. 

In our view, it is clear that the ‘gap’ capability is a device characteristic rather than a feature characteristic thus it should be the same for both Rel-15 WUS and Rel-16 GWUS.
Proposal 1-1: For NB-IoT and eMTC, the existing capability wakeUpSignalMinGap-eDRX-r15 also applies to Rel-16 WUS.
FDD/TDD differentiation
It has not been discussed whether GWUS was applicable to FDD and TDD in NB-IoT nor whether TDD/FDD differentiation was needed in eMTC.
In Rel-15 NB-IoT, WUS is only applicable to FDD. As Rel-16 GWUS is based on Rel-15 WUS, it is natural to assume the same applies for Rel-16 GWUS. 

Proposal 1-2: For NB-IoT, Rel-16 GWUS is only applicable to FDD.
In Rel-15 eMTC, there are two separate set of capabilities for FDD and TDD: wakeUpSignal-r15/ wakeUpSignalMinGap-eDRX-r15 and wakeUpSignal-TDD-r15/ wakeUpSignalMinGap-eDRX-TDD-r15. Again, it is natural to assume the same applies for Rel-16 GWUS. 

Proposal 1-3: For eMTC, separate capability indications are introduced for FDD and TDD.
5GC applicability
It has not been discussed whether GWUS was applicable to both EPC and 5GC. However, SA2 has agreed CRs for both EPC and 5GC. At the AS level, it makes no difference and there is no need for capability differentiation. 

Proposal 1-4: For NB-IoT and eMTC, Rel-16 GWUS is applicable to both EPC and 5GC, and there is no need for capability differentiation. 
2.2 Multiple TB scheduling
FDD/TDD differentiation
RAN1 has only introduced multiple TB scheduling in unicast for FDD, see [4]. For multicast, SC-PTM is only supported in FDD. 
Proposal 2-1: For NB-IoT, multiple TB scheduling in unicast and in multicast is only applicable to FDD. 
5GC applicability
It has not been discussed whether multiple TB scheduling in unicast was applicable to both EPC and 5GC. As this is a pure AS feature, it makes no difference and there is no reason why it would not be applicable to both. Thus, we propose that it is also applicable to 5GC without capability differentiation.

Proposal 2-2: For NB-IoT and eMTC, multiple TB scheduling in unicast is applicable to both EPC and 5GC without differentiation.
SC-PTM is not supported in 5GC, thus multiple TB scheduling in multicast is only applicable to EPC.

Proposal 2-3: For NB-IoT and eMTC, multiple TB scheduling in multicast is only applicable to EPC. 
2.3 SON

FDD/TDD differentiation
It has not been discussed whether SON (ANR, RACH, RLF) is applicable to both FDD and TDD and there is an Editor’s note in TS 36.306
	4.3.12.2
anr-Report-r16
This field defines whether the UE supports ANR measurement configuration and reporting in RRC_IDLE as specified in TS 36.304 [14] and TS 36.331 [5]. This feature is only applicable if the UE supports any ue-Category-NB.

Editor's note: FFS if this feature is supported in FDD and TDD.


SON reporting (ANR, RACH report, RLF report) is independent of the physical layer and RRM measurements requirements are defined for both FDD and TDD, thus there is no reason to restrict to FDD and there is no need for differentiation.

Proposal 3: For NB-IoT, support of ANR, RACH report and RLF report are applicable to both FDD and TDD and there is no need for FDD/TDD differentiation. 

2.4 DL channel quality reporting in MSG3
Capabilities
RAN2 has already agreed that support of DL channel quality reporting in MSG3 for non-anchor carrier is optional without capability reporting and separate from the Rel-14 capability. The new feature is captured in TS 36.306 section 6.7.6. However it should have been captured in section 6.17, same as the legacy capability.
Proposal 4-1: For NB-IoT, move the feature DL channel quality reporting in MSG3 for non-anchor carrier to section 6.17.
For the legacy capability, there is an editor’s note in [7] whether to have same or separate capabilities for NB-IoT and eMTC.
	6.17.2
DL channel quality reporting in Msg3
It is optional for UE to support DL channel quality reporting of the serving cell for FDD in Msg3, as specified in TS 36.331 [5]. This feature is only applicable if the UE supports any ue-Category-NB or if the UE supports ce-ModeA-r13.

Editor's note: Whether to have a common or separate capability with NB-IoT.


We think that the feature is different in NB-IoT and eMTC and as the former applies to a carrier while the later applies to the cell. Also, the reporting mechanism is different. 

Proposal 4-2: For eMTC, introduce a separate capability for DL channel reporting in MSG3.
The description of the existing capability is not fully correct for NB-IoT and now conflicts with the capabilities introduced for reporting for the non-anchor carrier in MSG3 and the reporting in connected mode. So we propose to update the description. 
Proposal 4-3: For NB-IoT, update the description of the legacy feature DL channel quality reporting to avoid conflicting description with the Rel-16 capabilities.

	6.17.2
DL channel quality reporting in Msg3 for the anchor carrier
It is optional for UE to support DL channel quality reporting in MSG3 for the anchor carrier of the serving cell for FDD in Msg3, as specified in TS 36.331 [5]. This feature is only applicable if the UE supports any ue-Category-NB or if the UE supports ce-ModeA-r13.

Editor's note: Whether to have a common or separate capability with NB-IoT.


FDD/TDD differentiation
Same as for Rel-14 feature, DL channel quality reporting in MSG3 for non-anchor carrier is only introduced in FDD, see [4].
Proposal 4-4: For NB-IoT, DL channel quality reporting in MSG3 for non-anchor carrier is only applicable to FDD.
5GC applicability
It has not been discussed whether DL channel quality reporting was applicable to both EPC and 5GC. As this is a pure AS feature, it makes no difference and there is no reason why it would not be applicable to both. Thus, we propose that it is also applicable to 5GC without capability differentiation. Note that this also applies to the reporting for the non-anchor carrier. 

Proposal 4-5: For NB-IoT and eMTC, DL channel quality reporting in MSG3 is applicable to both EPC and 5GC without capability differentiation.

2.5 DL channel quality reporting in connected mode
Capabilities

There is an editor’s note in [7] whether to have same or separate capabilities for NB-IoT and eMTC

	4.3.6.37
dl-ChannelQualityReporting-r16
This field defines whether the UE supports DL channel quality reporting of the serving cell or configured carrier for FDD in RRC_CONNECTED as specified in TS 36.331 [5]. This feature is only applicable if the UE supports ce-ModeA-r13 or if the UE supports any ue-Category-NB.

Editor's note: Whether to have a common or separate capability with MTC, and how to name it if common.


Same as for reporting in MSG3, the feature is different in NB-IoT and eMTC and as the former applies to a carrier while the later applies to the cell. However, the measurement and the reporting mechanism are the same. Thus we propose to have a common capability but clarify in the description which applies to what. 
Proposal 5-1: Keep a common capability for NB-IoT and eMTC for DL channel quality reporting in connected mode and clarify in the description that reporting of the serving cell applies to E-UTRAN and reporting of the configured carrier applies to NB-IoT. 

	4.3.6.37
dl-ChannelQualityReporting-r16
This field defines whether the UE supports DL channel quality reporting of the serving cell in E-UTRAN or the configured carrier in NB-IoT for FDD in RRC_CONNECTED as specified in TS 36.331 [5]. This feature is only applicable if the UE supports ce-ModeA-r13 or if the UE supports any ue-Category-NB.

Editor's note: Whether to have a common or separate capability with MTC, and how to name it if common.


FDD/TDD differentiation
Same as for Rel-14 feature, DL channel quality reporting in connected mode is only introduced in FDD in NB-IoT, see [4]. However, it is supported for both FDD and TDD in eMTC.
Proposal 5-2: For NB-IoT, DL channel quality reporting in MSG3 in connected mode is only applicable to FDD. For eMTC, it is applicable to both FDD and TDD.
	4.3.6.37
dl-ChannelQualityReporting-r16
This field defines whether the UE supports DL channel quality reporting of the serving cell in E-UTRAN or the configured carrier in NB-IoT for FDD in RRC_CONNECTED as specified in TS 36.331 [5]. This feature is only applicable if the UE supports ce-ModeA-r13 or, for FDD if the UE supports any ue-Category-NB.

Editor's note: Whether to have a common or separate capability with MTC, and how to name it if common.


5GC applicability
It has not been discussed whether DL channel quality reporting was applicable to both EPC and 5GC. As this is a pure AS feature, it makes no difference and there is no reason why it would not be applicable to both. Thus, we propose that it is also applicable to 5GC without capability differentiation. 
Proposal 5-3: For NB-IoT and eMTC, DL channel quality reporting in connected mode is applicable to both EPC and 5GC without capability differentiation.

2.6 NRS presence on non-anchor paging carrier

FDD/TDD differentiation
RAN1 has only introduced NRS presence on non-anchor carrier in FDD, see [4].
Proposal 6-1: For NB-IoT, Idle mode RRM measurements on non–anchor paging carrier is only applicable to FDD.
	6.17.6
RRM measurements on non-anchor paging carriers
It is optional for UE to support idle mode RRM measurements on non-anchor paging carriers for FDD, as defined in TS 36.133 [6]. This feature is only applicable if the UE supports any ue-Category-NB.


5GC applicability
As this is pure radio and physical layer feature, EPC/5GC does not make any difference and there is no reason why it would not be applicable to both. Thus, we propose that it is also applicable to 5GC without capability differentiation.

Proposal 6-2: For NB-IoT, Idle mode RRM measurement on non–anchor carrier is applicable to EPC and 5GC without capability differentiation.

2.7 Inter-RAT cell selection
Capabilities

RAN2 has introduced signalling of assistance information for inter-RAT cell selection but has not defined any associated UE behaviour. Thus, there is no need to define a capability or an optional feature.
Proposal 7: For NB-IoT and eMTC, there is no need to define an optional feature for support of assistance information for inter-RAT cell selection to/from NB-IoT.
2.8 Co-existence with NR

5GC applicability
As this is pure physical layer feature, EPC/5GC does not make any difference and there is no reason why it would not be applicable to both. Thus, we propose that it is also applicable to 5GC without capability differentiation.

Proposal 8: For NB-IoT and eMTC, UL and DL resource reservation for coexistence with NR are applicable to EPC and 5GC without capability differentiation.
2.9 Connection to 5GC 

Capabilities
So far, RAN2 did not discuss capability for NB-IoT general connectivity to 5GC. 

In eLTE, a capability eutra-5GC-r15 is defined. In NB-IoT, it is quite clear that support at the UE should be optional and we think that there is no need for the eNB to know considering that there is no AS mobility between EPC and 5GC based on RAN2 agreements [2].  

Proposal 9-1: For NB-IoT, introduce a new optional feature, NB-IoT/5GC, in section 6.18.

	6.18
E-UTRA/5GC features
6.18.x
NB-IoT 5GC
It is optional for UE to support NB-IoT 5GC. This feature is only applicable if the UE supports any ue-Category-NB.


RAN2 has already agreed that the support of the User Plane CIoT 5GS optimisation in NB-IoT and EMTC and that the support of the Control Plane CIoT 5GS optimisation in EMTC were optional without capability reporting and two optional features have been captured in [7] in sections 6.18.1 and 6.18.2. We do not think this is necessary as they are NAS level capabilities. Note that similar capabilities do not exist in TS 36.306 for the CIoT EPS optimisations. 
Proposal 9-2: For NB-IoT and eMTC, remove the capabilities introduced in 6.18.1 (User Plane CIoT 5GS optimisations) and 6.18.2 (Control Plane CIoT 5GS optimisations).

RAN2 did not discuss EPC/5GC differentiation for MO-EDT for Control Plane CIoT 5GS Optimisation and there is an Editor’s note in 6.8.4.

	6.8.4
MO-EDT for Control Plane CIoT EPS Optimization
It is optional for UE to support MO-EDT for Control Plane CIoT EPS optimizations, as defined in TS 24.301 [28]. Thisfeature is only applicable if the UE supports ce-ModeA-r13, or for FDD if the UE supports any ue-Category-NB.

Editor's note: FFS if we should have the equivalent for 5GS in section 6.18.


Same as for the User Plane CIoT 5GS Optimisation, it should be an independent feature from EPC.

Proposal 9-3: For NB-IoT and eMTC, introduce a new optional feature, MO-EDT for Control Plane CIoT 5GS Optimisation, in section 6.18 and remove the editor’s note in 6.8.4.
5GC applicability to legacy features
Based on the list of NB-IoT capabilities in section 4.1, we think all capabilities not linked to CIoT EPS optimisations are applicable to 5GC and common at the exception of rai-Support-r14 (discussed in email discussion [Post109e#47][NBIOTeMTC]) and SC-PTM in Idle mode (which only applies to EPC).
Proposal 9-4: For NB-IoT, all pre-Rel15 capabilities not CIoT EPS optimisations related and other than rai-Support-r14 are applicable to 5GC without capability differentiation. 
RAN2 has agreed to introduce a new AS RAI for UEs connected to 5GC and made the following agreements:

· For EPS it is optional for a UE to support AS RAI, with capability reporting.

· For EPS, introduce indication in SIB2 (SIB2-NB) if AS RAI is configured in the cell.

· For 5GS, AS RAI is always enabled for UEs (NB-IoT or LTE-M) connected to 5GC.

For UEs connected to 5GC, the mechanism is always enabled but it has not been clarified whether support was optional or mandatory at the UE

Proposal 9-5: For NB-IoT and eMTC connected to 5GC, support of AS RAI enhancement is optional at the UE, a new optional feature RAI Enhancement is introduced in section 6.18.
In eLTE the following capabilities were defined to support E-UTRA connected to 5GC [6] (note that the table omits other capabilities, e.g. related to EPC handover to NR):

	UE-EUTRA-Capability field descriptions
	FDD/ TDD diff

	eutra-5GC

Indicates whether the UE supports E-UTRA/5GC. 
	Yes

	eutra-5GC-HO-ToNR-FDD-FR1

Indicates whether the UE supports handover from E-UTRA/5GC to NR FDD FR1. 
	Yes

	eutra-5GC-HO-ToNR-TDD-FR1

Indicates whether the UE supports handover from E-UTRA/5GC to NR TDD FR1. 
	Yes

	eutra-5GC-HO-ToNR-FDD-FR2

Indicates whether the UE supports handover from E-UTRA/5GC to NR FDD FR2. 
	Yes

	eutra-5GC-HO-ToNR-TDD-FR2

Indicates whether the UE supports handover from E-UTRA/5GC to NR TDD FR2. 
	Yes

	eutra-EPC-HO-EUTRA-5GC

Indicates whether the UE supports handover between E-UTRA/EPC and E-UTRA/5GC. 
	Yes


It may be assumed that the capabilities can directly be re-used and there is no need to introduce additional capabilities. However, there is a possibility that a UE supports 5GC, and handover from E-UTRA/5GC in normal coverage, but has not been tested in the enhanced coverage case. Therefore it seems safer to introduce new separate capabilities for support of 5GC in enhanced coverage and support of handover from E-UTRA/5GC in enhanced coverage to NR FDD/TDD, FR1/FR2.

Proposal 9-6: For eMTC, introduce the following capabilities for support of connection to 5GC:

· ce-eutra-5GC

· ce-eutra-5GC-HO-ToNR-FDD-FR1

· ce-eutra-5GC-HO-ToNR-TDD-FR1

· ce-eutra-5GC-HO-ToNR-FDD-FR2

· ce-eutra-5GC-HO-ToNR-TDD-FR2

3 Conclusion 

In this document, we have discussed capabilities, FDD/TDD differentiation and 5GC applicability for the different features and made the following proposals:

GWUS

Proposal 1-1: For NB-IoT and eMTC, the existing capability wakeUpSignalMinGap-eDRX-r15 also applies to Rel-16 WUS.
Proposal 1-2: For NB-IoT, Rel-16 GWUS is only applicable to FDD.
Proposal 1-3: For eMTC, separate capability indications are introduced for FDD and TDD.
Proposal 1-4: For NB-IoT and eMTC, Rel-16 GWUS is applicable to both EPC and 5GC, and there is no need for capability differentiation. 
Multiple TB scheduling
Proposal 2-1: For NB-IoT, multiple TB scheduling in unicast and in multicast is only applicable to FDD. 

Proposal 2-2: For NB-IoT and eMTC, multiple TB scheduling in unicast is applicable to both EPC and 5GC without differentiation.
Proposal 2-3: For NB-IoT and eMTC, multiple TB scheduling in multicast is only applicable to EPC. 
SON
Proposal 3: For NB-IoT, support of ANR, RACH report and RLF report are applicable to both FDD and TDD and there is no need for FDD/TDD differentiation. 

DL channel quality reporting in MSG3
Proposal 4-1: For NB-IoT, move the feature DL channel quality reporting in MSG3 for non-anchor carrier to section 6.17.

Proposal 4-2: For eMTC, introduce a separate capability for DL channel reporting in MSG3

Proposal 4-3: For NB-IoT, update the description of the legacy feature DL channel quality reporting to avoid conflicting description with the Rel-16 capabilities.

Proposal 4-4: For NB-IoT, DL channel quality reporting in MSG3 for non-anchor carrier is only applicable to FDD.
Proposal 4-5: For NB-IoT and eMTC, DL channel quality reporting in MSG3 is applicable to both EPC and 5GC without capability differentiation.

DL channel quality reporting in connected mode

Proposal 5-1: Keep a common capability for NB-IoT and eMTC for DL channel quality reporting in connected mdoe and clarify in the description that reporting of the serving cell applies to E-UTRAN and reporting of the configured carrier applies to NB-IoT. 

Proposal 5-2: For NB-IoT, DL channel quality reporting in MSG3 in connected mode is only applicable to FDD. For eMTC, it is applicable to both FDD and TDD.

Proposal 5-3: For NB-IoT and eMTC, DL channel quality reporting in connected mode is applicable to both EPC and 5GC without capability differentiation.

NRS presence on non-anchor carrier
Proposal 6-1: For NB-IoT, Idle mode RRM measurements on non–anchor paging carrier is only applicable to FDD.
Proposal 6-2: For NB-IoT, Idle mode RRM measurement on non–anchor carrier is applicable to EPC and 5GC without capability differentiation.

Inter-RAT cell selection
Proposal 7: For NB-IoT and eMTC, there is no need to define a optional feature for support of assistance information for inter-RAT cell selection to/from NB-IoT.
Co-existence with NR
Proposal 8: For NB-IoT and eMTC, UL and DL resource reservation for coexistence with NR are applicable to EPC and 5GC without capability differentiation.
Connection to 5GC

Proposal 9-1: For NB-IoT, introduce a new optional feature, NB-IoT/5GC, in section 6.18.

Proposal 9-2: For NB-IoT and eMTC, remove the capabilities introduced in 6.18.1 (User Plane CIoT 5GS optimisations) and 6.18.2 (Control Plane CIoT 5GS optimisations).

Proposal 9-3: For NB-IoT and eMTC, introduce a new optional feature, MO-EDT for Control Plane CIoT 5GS Optimisation, in section 6.18 and remove the editor’s note in 6.8.4.
Proposal 9-4: For NB-IoT, all pre-Rel15 capabilities not CIoT EPS optimisations related and other than rai-Support-r14 are applicable to 5GC without capability differentiation. 
Proposal 9-5: For NB-IoT and eMTC connected to 5GC, support of AS RAI enhancement is optional at the UE, a new optional feature RAI Enhancement is introduced in section 6.18.
Proposal 9-6: For eMTC, introduce the following capabilities for support of connection to 5GC:

· ce-eutra-5GC

· ce-eutra-5GC-HO-ToNR-FDD-FR1

· ce-eutra-5GC-HO-ToNR-TDD-FR1

· ce-eutra-5GC-HO-ToNR-FDD-FR2

· ce-eutra-5GC-HO-ToNR-TDD-FR2
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