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1 Background
The UE capabilities for the NB-IoT enhancements in REL-14 are discussed:
· Multicast

· Non-anchor PRB enhancements
· Mobility enhancements
· Reduced power class
· Power consumption and latency reduction
· Positioning
· Authorization of the use of coverage enhancements
· Overload control for CP CIoT EPS optimization 
· iRAT mobility
A draft CR to 36.306 is provided for information. 
2 Discussion
2.1 Multicast

SC-PTM for NB-IoT and FeMTC is not supported in connected mode, i.e. the legacy SC-PTM UE capabilities (scptm-ParallelReception-r13, scptm-SCell-r13, scptm-NonServingCell-r13, scptm-AsyncDC-r13) do not apply. 
Proposal 1: SC-PTM reception in RRC_IDLE for NB-IoT and FeMTC are optional features without UE capability signaling
Proposal 2: Introduce SC-PTM reception in RRC_IDLE for NB-IoT and FeMTC in chapter 6 in 36.306 “Optional features without UE radio access capability parameters”

2.2 Non-anchor PRB enhancements

Two enhancements are introduced for non-anchor PRB enhancements in REL-14 for NB-IoT: 
· Support transmission of NPRACH on a non-anchor NB-IoT PRB
· Support transmission of paging on a non-anchor NB-IoT PRB
RAN2 to discuss whether the non-anchor PRB enhancements are mandatory features (with IOT signalling) or optional [1], [2]:
Proposal 3: RAN2 to discuss whether the non-anchor PRB enhancements are optional or mandatory (with IOT signalling) features
Proposal 4: Support for random access on non-anchor carrier and paging on non-anchor PRB are signalled in the UE capabilities
Proposal 5: Introduce “paging on non-anchor PRB support” in UE-RadioPagingInfo-NB IE
2.3 Mobility enhancements
RAN2 decided to introduce RRC re-establishment for CP solution. It is noted that this feature has also significant impact on the NW (e.g. data forwarding over S1, CP context fetch over X2, and potential security changes): 
Proposal 6: RAN2 to discuss whether RRC re-establishment for Control Plane CIoT EPS optimization is optional or mandatory
Proposal 7: RAN2 to discuss if support for RRC re-establishment for Control Plane CIoT EPS optimization needs to be indicated in system information

2.4 Reduced power class
RAN4 agreed to introduce a further reduced power class, but no agreement on the power class value has been reached yet. In REL-13 the 20 dBm UE capability powerClassNB-20dBm-r13 is signalled per supported band of the UE: 
SupportedBandList-NB-r13 ::=

SEQUENCE (SIZE (1..maxBands)) OF SupportedBand-NB-r13
SupportedBand-NB-r13
::=


SEQUENCE {


band-r13






FreqBandIndicator-NB-r13,


powerClassNB-20dBm-r13



ENUMERATED {supported}

OPTIONAL

}
In case RAN4 introduces the reduced power class in all NB-IoT bands (and keeps doing that in the future because bands are release independent), and in case there is no need for the UE to be able to indicate reduced power class support in some of its supported NB-IoT bands, in such case the reduced power class signalling can be simplified (e.g. flag indicating that the reduced power class is supported (and used) in all NB-IoT bands indicated in SupportedBandList-NB) [3]. This band capability aspect would need to be confirmed by RAN4:
Proposal 8: RAN2 to discuss if reduced power class support per NB-IoT band is needed, and if not, check with RAN4 for confirmation.
2.5 Power consumption and latency reduction
For power consumption and latency reduction two sub-features can be identified:

· Support of 2 HARQ processes in UL and DL

· Support of larger maximum TBS sizes
In RAN1#86bis agreements were reached for larger TBS sizes: 
· Maximum DL TBS is 1352 bits

· Maximum UL TBS is 1800 bits

· The same values of N_SF and N_RU and I_TBS are used as in Rel-13
The feature was not discussed during RAN2#95bis [4]. In RAN2 email discussion [95bis#28] the impact of 2 HARQ processes for NB-IoT was discussed (e.g. connected mode DRX).
It is proposed to introduce a new UE category NB2 which indicates that the UE supports larger TBS size and 2 HARQ processes [5]:

Proposal 9: Introduce a new UE category NB2 in NB-IoT that indicates the support of larger TBS sizes and 2 HARQ processes in UL and DL
Proposal 10: A UE that indicates support for UE category NB2 shall also support UE category NB1

NOTE: SA2 is discussing introduction of S1 RetrieveUEContextRequest for CP solution over S1, which may imply availability of the UE capabilities after MSG3. It is proposed to wait for SA2 decision on RetrieveUEContextRequest for CP solution to decide if early signalling in MSG3 for CP solution would be needed [5]. 
It is assumed that RAN1 will provide the following NB2 parameter: 

· Total number of soft channel bits

RAN2 needs to discuss and agree the L2 buffer size for NB2: 
· Total layer 2 buffer size [bytes]
The DL TBS size is increased from 680 to 1352 bits (~100%) and UL TBS from 1000 to 1800 bits (80%). The data rate increase with larger TBS and 2 HARQ processes depends on the L1 agreements [12], [13] (e.g. factor 2-3). The L2 buffer size for NB1 (4 kbytes) was agreed based on the legacy formula to calculate L2 buffer size and NB-IoT limitations (such as expected traffic size, 1 PRB and 1 HARQ process) [6].   

Proposal 11: RAN2 discuss the L2 buffer size for UE category NB2

The NB1 UE category is included in the UE-Capability-NB-r13 IE (and thus in UECapabilityInformation-NB message for UE capability transfer, UERadioAccessCapabilityInformation-NB for up- and download from EPC, and HandoverPreparationInformation-NB message for the NB-IoT context fetch). The NB1 UE category is also included in the UE-RadioPagingInfo-NB-r13 IE in the Paging message from MME to eNB. 
Proposal 12: Introduce REL-14 non critical extension ue-Category-NB IE {nb2} in UE-Capability-NB IE
Proposal 13: Introduce REL-14 ue-Category-NB IE {nb2} in UE-RadioPagingInfo-NB IE
2.6 Positioning
The following positioning enhancements are introduced in REL-14 for NB-IoT:

· UE measurements for E-CID (RSRP, RSRQ, UE Rx-Tx time difference)

· UE measurements for OTDOA (RSTD measurements from serving and neighbour cells)
The LPP protocol is used to configure the assistance data and to report the UE measurements. The LPP protocol is also used to exchange the UE positioning capabilities between UE and location server. The LPP impact to support E-CID and OTDOA in NB-IoT is further discussed in [7]. In [7] it is proposed that LPP is used to signal the UE E-CID/OTDOA measurements to the location server, and not use RRC UE measurement reporting, which is not supported in NB-IoT. There is potentially no RRC UE capability signaling needed for the NB-IoT positioning enhancements and no changes are needed for TS 36.306 (see also [7]): 
Proposal 14: RAN2 to discuss if there is a need for RRC UE capability signalling for the REL-14 positioning enhancements in NB-IoT
E-CID
E-CID is an optional positioning feature. Via LPP capability signaling the UE can indicate support for:

· RSRP measurements

· RSRQ measurement

· UE Rx-Tx time difference measurements

In legacy LTE the RSRP, RSRQ and UE Rx-Tx time difference measurements can also be reported via RRC UE measurement reporting (ue-Rx-TxTimeDiffMeasurements-r11). However RRC UE measurement reporting is not supported in NB-IoT. In legacy LTE, when the UE indicates support for UE Rx-Tx time difference measurements via LPP capability signalling, then the UE also supports UE Rx-Tx time difference measurements via RRC UE measurement reporting: 
Proposal 15: Clarify in the semantic description of ecid-MeasSupported IE in LPP TS 36.355 that a NB-IoT UE indicating support for UE Rx-Tx time difference measurement does not support UE Rx-Tx time difference measurements via RRC.
Proposal 16: There is no need for RRC UE capability signalling ue-Rx-TxTimeDiffMeasurements in NB-IoT
OTDOA

OTDOA is an optional positioning feature. The IE OTDOA-ProvideCapabilities is used by the target device to indicate its capability to support OTDOA and to provide its OTDOA positioning capabilities to the location server. Via LPP capability signaling the UE can indicate support for:

· otdoa-Mode (UE assisted)

· supportedBandListEUTRA(-v9a0)

· interFreqRSTDmeasurement

· additionalNeighbourCellInfoList-r10
With interFreqRSTDmeasurement the UE can indicate support for inter-frequency RSTD measurements. With additionalNeighbourCellInfoList IE the UE can indicate if the UE can measure up to 3 inter-frequencies with each up to 24 cells (3x24=74 cells). 
In legacy LTE the UE can indicate OTDOA support via RRC capability signaling with otdoa-UE-assisted and interFreqRSTDmeasurement. This RRC capability signaling was introduced enable better handling for emergency calls, i.e. enable handover to another cell when the UE does not support inter-frequency RSTD measurements [14]. The handling of inter-frequency RSTD measurements in NB-IoT is further discussed in [7]: 
Proposal 17: RAN2 to discuss the need otdoa-UE-assisted and interFreqRSTDmeasurement signaling in the RRC UE capabilities
The existing LPP capability signaling for OTDOA can be re-used for NB-IoT. However additional LPP capabilities, tailored for NB-IoT UEs can be considered further [7]: 
Proposal 18: RAN2 to need for additional OTDOA capabilities signalled via LPP for NB-IoT
UTDOA

The WID objectives for UTDOA specify that the existing NB-IoT transmissions are used, and that UTDOA can be used with REL-13 UEs [8]: 
· UTDOA positioning is supported under the following conditions:

· It uses an existing NB-IoT transmission

· It can be used by Rel-13 UEs

· Any signal used for positioning needs to have its accuracy, complexity, UE power consumption performance confirmed in RAN1

· Final approval of RAN3, RAN4 CRs relating to a particular method (OTDOA/UTDOA) are conditional on this RAN1 verification

UTDOA relies on eNB measurements, and is transparent to the UE. No new UE capabilities are needed for UTDOA. 
Proposal 19: No UE capabilities are introduced for UTDOA in REL-14 for NB-IoT
2.7 Authorization of the use of coverage enhancements
The authorization of coverage enhancements in LTE and NB-IoT have been discussed, and it is not clear if this feature will be introduced for NB-IoT. However in case authorization of coverage enhancements is introduced in REL-14, it is proposed to make it mandatory when the UE supports these coverage enhancements: 
Proposal 20: REL-14 UE supporting coverage enhancements in LTE and NB-IoT (TBD) shall support authorization of coverage enhancements
2.8 Overload control for CP CIoT EPS optimization
RAN2 discussed the signalling aspects with overload control for CP CIoT EPS optimization in RAN2#95bis. In the reply LS to SA2 [9] RAN2 indicates that the “CP intention” signaling is feasible, but RAN2 did not agree on which message can be used. RAN2 also indicated the feasibility to signal an extended wait time applicable only to CP CIoT data. However RAN2 also asks SA2 for clarification of the use case, whether it applies to both LTE and NB-IoT, and if existing capability signaling can be used. 
In case SA2 agrees on the need for new signaling for overload control of CP CIoT EPS optimization then this signaling should be mandatory for UE supporting CP CIoT EPS optimization in REL-14: 
Proposal 21: In case new signaling for overload control of CP CIoT EPS optimization is agreed, then a UE supporting CP CIoT EPS optimization in REL-14 shall support this new signalling

2.9 iRAT mobility
Inter-RAT mobility for NB-IoT in REL-14 was not discussed in RAN2#95bis [10]. 

SA2 is discussing issues and solutions for NB-IoT iRAT mobility in Idle mode [11]. 

Proposal 22: In case iRAT mobility in Idle mode is agreed for NB-IoT with RAN impact, then a NB-IoT UE in REL-14 supporting another RAT shall support the relevant RAN feature (e.g. iRAT measurements, iRAT SI reading, and iRAT re-selection). 
3 Summary

RAN2 is kindly asked to discuss UE capabilities for the REL-14 NB-IoT enhancements: 

Proposal 1: SC-PTM reception in RRC_IDLE for NB-IoT and FeMTC are optional features without UE capability signaling

Proposal 2: Introduce SC-PTM reception in RRC_IDLE for NB-IoT and FeMTC in chapter 6 in 36.306 “Optional features without UE radio access capability parameters”

Proposal 3: RAN2 to discuss whether the non-anchor PRB enhancements are optional or mandatory (with IOT signalling) features

Proposal 4: Support for random access on non-anchor carrier and paging on non-anchor PRB are signalled in the UE capabilities

Proposal 5: Introduce “paging on non-anchor PRB support” in UE-RadioPagingInfo-NB IE

Proposal 6: RAN2 to discuss whether RRC re-establishment for Control Plane CIoT EPS optimization is optional or mandatory

Proposal 7: RAN2 to discuss if support for RRC re-establishment for Control Plane CIoT EPS optimization needs to be indicated in system information

Proposal 8: RAN2 to discuss if reduced power class support per NB-IoT band is needed, and if not, check with RAN4 for confirmation.

Proposal 9: Introduce a new UE category NB2 in NB-IoT that indicates the support of larger TBS sizes and 2 HARQ processes in UL and DL
Proposal 10: A UE that indicates support for UE category NB2 shall also support UE category NB1

Proposal 11: RAN2 discuss the L2 buffer size for UE category NB2

Proposal 12: Introduce REL-14 non critical extension ue-Category-NB {nb2} in UE-Capability-NB IE
Proposal 13: Introduce REL-14 ue-Category-NB {nb2} in UE-RadioPagingInfo-NB IE

Proposal 14: RAN2 to discuss if there is a need for RRC UE capability signalling for the REL-14 positioning enhancements in NB-IoT
Proposal 15: Clarify in the semantic description of ecid-MeasSupported IE in LPP TS 36.355 that a NB-IoT UE indicating support for UE Rx-Tx time difference measurement does not support UE Rx-Tx time difference measurements via RRC.
Proposal 16: There is no need for RRC UE capability signalling ue-Rx-TxTimeDiffMeasurements in NB-IoT
Proposal 17: RAN2 to discuss the need otdoa-UE-assisted and interFreqRSTDmeasurement signaling in the RRC UE capabilities

Proposal 18: RAN2 to need for additional OTDOA capabilities signalled via LPP for NB-IoT
Proposal 19: No UE capabilities are introduced for UTDOA in REL-14 for NB-IoT
Proposal 20: REL-14 UE supporting coverage enhancements in LTE and NB-IoT (TBD) shall support authorization of coverage enhancements
Proposal 21: In case new signaling for overload control of CP CIoT EPS optimization is agreed, then a UE supporting CP CIoT EPS optimization in REL-14 shall support this new signalling

Proposal 22: In case iRAT mobility in Idle mode is agreed for NB-IoT with RAN impact, then a NB-IoT UE in REL-14 supporting another RAT shall support the relevant RAN feature (e.g. iRAT measurements, iRAT SI reading, and iRAT re-selection). 
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