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1 Background
The running CR for 36.306 was provided for information to RAN#71 [1]. 
In this contribution the open issues w.r.t. the UE capabilities in NB-IoT are discussed further:

1. NB-IoT UE category
2. PDCP/RLC/MAC capability signaling
3. PHY capability signaling 

4. RF capability signaling
5. Release indication
6. Support of multiple DRBs
7. Extended DRX
8. Power classes
9. MFBI
2 Discussion
2.1 NB-IoT UE category
RAN2 agreed assumed that there is no need for separate DL/UL UE category for NB-IoT:

· RAN2 assumes that the concept of UE category is supported. RAN2 assumes that there is a single UE category applicable to DL/UL (i.e. not separate). This depends on RAN1. 
RAN1 agreed to introduce a new UE category for NB-IoT in REL-13, but some details are still FFS (e.g. UL TBS), see Annex A [2]. Based on RAN plenary [3] and RAN1 agreements the NB-IoT UE category (Category NB1) supports:

· 180 kHz bandwidth

· DL TBS 680 bits

· UL TBS xxx bits

· UL Single-tone transmissions (including both 3.75 and 15 kHz subcarrier spacing)

Proposal 1: Introduce NB-IoT UE category "NB1" in 36.306 and in 36.331 in the UE capability container for NB-IoT. 
2.2 PDCP/RLC/MAC capability signaling
Most of the legacy PDCP, RLC and MAC capabilities are not applicable in NB-IoT (36.306):

· PDCP Parameters
· supportedROHC-Profiles
· maxNumberROHC-ContextSessions
· pdcp-SN-Extension
· supportRohcContextContinue
· pdcp-SN-Extension-18bits-r13
· RLC parameters
· extended-RLC-LI-Field-r12
· extendedRLC-SN-SO-Field-r13
· MAC parameters
· longDRX-Command-r12
· logicalChannelSR-ProhibitTimer-r12
· extendedMAC-LengthField-r13
· extendedLongDRX-r13
RoHC support

In RAN2#92 it was agreed to support PDCP header compression with UP solution:
· We assume that for solution 2, there is no need to differentiate between the different data types (i.e. IP, non-IP or SMS) in the AS level. For UP solution, PDCP header compression may be used for IP type traffic. 

For reference: in LTE 9 different profiles are defined and between 2 and 16384 simultaneous context sessions can be supported:
PDCP-Parameters ::=



SEQUENCE {


supportedROHC-Profiles



SEQUENCE {



profile0x0001





BOOLEAN,



profile0x0002





BOOLEAN,



profile0x0003





BOOLEAN,



profile0x0004





BOOLEAN,



profile0x0006





BOOLEAN,



profile0x0101





BOOLEAN,



profile0x0102





BOOLEAN,



profile0x0103





BOOLEAN,



profile0x0104





BOOLEAN


},


maxNumberROHC-ContextSessions

ENUMERATED {












cs2, cs4, cs8, cs12, cs16, cs24, cs32,












cs48, cs64, cs128, cs256, cs512, cs1024,












cs16384, spare2, spare1}



DEFAULT cs16,


...

}

It is proposed to introduce an optional UE capability for the support of RoHC with UP solution: 

Proposal 2: Introduce UE capability supportedROHC-ProfilesNB-IoT indicating the supported RoHC profiles in NB-IoT applicable when the UE supports UP solution. 

It is proposed to re-use the existing profile signaling except: 
Proposal 3: RTP RoHC profiles are not supported in NB-IoT.
Proposal 4: RAN2 to discuss if ESP (IPsec) RoHC profiles are supported in NB-IoT.
There is no need to support a high number of RoHC context sessions in NB-IoT, i.e. it is proposed: 

Proposal 5: Introduce UE capability maxNumberROHC-ContextSessions indicating the maximum number of RoHC context sessions {cs2, cs4, cs8, cs12} that are supported in NB-IoT.
Logical Channel SR prohibit timer

RAN2 agreed that the Logical Channel SR prohibit timer is mandatory in NB-IoT:

· We assume that the Logical Channel SR prohibit timer can be used to enable this, so that the UL grant is not delivered after the UE has started executing scheduling request, and this timer is supported for NB-IOT

· This timer is a mandatory capability for NB-IOT UEs. 
It would be good to clarify in 36.306 that for NB-IoT the logicalChannelSR-ProhibitTimer is a mandatory, because this feature is optional in legacy LTE: 
Proposal 6: Capture in 36.306 that logicalChannelSR-ProhibitTimer is mandatory for a UE supporting NB-IoT. 

DRX in connected mode

In NB-IoT only the longDRX-Cycle in connected mode is supported, which is assumed to be mandatory. In legacy LTE the longDRX-Cycle values of 5120 and 10240 subframes are optional (see extendedLongDRX in 36.306). It would be good to clarify in 36.306 that the longDRX-Cycle is mandatory in NB-IoT:
Proposal 7: Capture in 36.306 that longDRX-Cycle is mandatory for a UE supporting NB-IoT. 

The longDRX-Cycle value range in NB-IoT has not been agreed yet, but in this contribution it is assumed that the maximum longDRX-Cycle value is 10.24 seconds. 
2.3 PHY capability signaling
In RAN#71 it was agreed [3]:

1. Single-tone transmission support is a mandatory part of the NB-IoT UE category
· Both subcarrier spacings, 3.75 kHz and 15 kHz, are mandatory components of the NB-IoT UE category
2. Provide an IOT bit to indicate whether UE supports 15 kHz multi-tone transmission
3. WGs to ensure specification support for the above
RAN plenary agreed that Multi-tone transmission support is mandatory but that RAN2 should introduce IOT capability signaling to indicate whether the feature was successfully IOT tested or not: 
Proposal 8: Introduce Multi-tone UE capability (IOT bit) in 36.306. 
Proposal 9: Introduce Multi-tone UE capability signaling in NB-IoT capability container in 36.331 (mandatory present)
RAN1 agreed to enable multi-tone MSG3 through NB-PRACH resource selection: 

· Multi-tone Msg3 is supported

· RAN1 specifications will support the existence of UEs that do not support multi-tone Msg3 

· The specifications support the possibility for the UE to indicate whether it supports multi-tone Msg3 by NB-PRACH resource selection

· A NB-PRACH resource is defined at least by at least time-frequency resource, and possibly (FFS) one of more of:

· NB-PRACH sequence

· NB-PRACH hopping pattern

· Each NB-PRACH resource also has a repetition level configured 

· For at least one number of repetitions of NB-PRACH, multi-tone Msg3 transmission is not allowed by the specifications

In contribution [8] potential signaling options (RRC, MAC, PRACH resource selection) are discussed further for multi-tone MSG3. 
2.4 RF capability signalling
Different bands are prioritized to be included by RAN4 in REL-13 for NB-IoT [5]:

o
Bands 1, 2, 3, 5, 8, 12, 13, 17, 18, 19, 20, 26, 28, 66

RAN2 agreed to support redirection in the RRC connection release. To enable redirection to frequencies in different bands, the UE should indicate the bands (36.101) that it supports. 
Proposal 10: Introduce SupportedBandList (maxBands = 64) in NB-IoT capability container where the UE can indicate the bands that it supports (maxFBI = 256). 
2.5 Release indication

Normally the supported release of the UE is signalled in accessStratumRelease. Also for NB-IoT it is proposed to signal the release in the UE capability container: 
Proposal 11: Introduce AccessStratumRelease (3 bits) signaling in NB-IoT capability container

2.6 Support of multiple DRBs

In RAN2#91bis it was agreed:

· NB-IOT devices only support at most 1 DRB.  
In [6] the support of multiple DRBs for solution 18 is discussed further, where it is proposed:
Proposal 12: Introduce optional MultipleDRB UE capability applicable with solution 18 (8 DRBs). 

2.7 Extended DRX

The long battery lifetime (> 10 years) is an essential feature of NB-IoT, and support of extended DRX (eDRX) is a pre-requisite to fulfill that requirement. The eDRX should therefore be a mandatory feature for a UE supporting NB-IoT:

Proposal 13: A UE supporting NB-IoT shall support extended DRX.
The eDRX capability is signalled in NAS, i.e. the UE includes a proposed eDRX value in ATTACH/TAU. In case proposal 13 is agreed, CT1 should be informed about this RAN2 agreement.

2.8 Power classes

RAN4 agreed to support power class 3 (max output 23 dBm), but is also discussing an additional power class 5 (e.g. 18 and 20 dBm). It is assumed that power class 3 is mandatory for a UE supporting NB-IoT, but the additional power class is assumed to be optional. The optional power class can be captured in 36.306 as an optional feature without UE capability signaling (chapter 6). 

Proposal 14: Power class 3 (23 dBm) is mandatory in NB-IoT, and additional power classes are optional. 
2.9 MFBI

MFBI support in NB-IoT is discussed in the email mobility and paging [1]. To be future proof, and allow flexibility in network deployment, taking into account that NB-IoT devices may survive for a long time, it is proposed to support MFBI signaling from REL-13: 

Proposal 15: A UE supporting MFBI shall support MFBI signaling (multiBandInfoList).
3 Summary

RAN2 is kindly asked to the UE capabilities for NB-IOT: 

Proposal 1: Introduce NB-IoT UE category "NB1" in 36.306 and in 36.331 in the UE capability container for NB-IoT. 

Proposal 2: Introduce UE capability supportedROHC-ProfilesNB-IoT indicating the supported RoHC profiles in NB-IoT applicable when the UE supports UP solution. 

Proposal 3: RTP RoHC profiles are not supported in NB-IoT.

Proposal 4: RAN2 to discuss if ESP (IPsec) RoHC profiles are supported in NB-IoT.

Proposal 5: Introduce UE capability maxNumberROHC-ContextSessions indicating the maximum number of RoHC context sessions {cs2, cs4, cs8, cs12} that are supported in NB-IoT.
Proposal 6: Capture in 36.306 that logicalChannelSR-ProhibitTimer is mandatory for a UE supporting NB-IoT. 

Proposal 7: Capture in 36.306 that longDRX-Cycle is mandatory for a UE supporting NB-IoT. 

Proposal 8: Introduce Multi-tone UE capability (IOT bit) in 36.306. 

Proposal 9: Introduce Multi-tone UE capability signaling in NB-IoT capability container in 36.331 (mandatory present)

Proposal 10: Introduce SupportedBandList (maxBands = 64) in NB-IoT capability container where the UE can indicate the bands that it supports (maxFBI = 256). 

Proposal 11: Introduce AccessStratumRelease (3 bits) signaling in NB-IoT capability container

Proposal 12: Introduce optional MultipleDRB UE capability applicable with solution 18 (8 DRBs). 

Proposal 13: A UE supporting NB-IoT shall support extended DRX.

Proposal 14: Power class 3 (23 dBm) is mandatory in NB-IoT, and additional power classes are optional. 
Proposal 15: A UE supporting MFBI shall support MFBI signaling (multiBandInfoList).
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5 Annex A: RAN1 Rel-13 UE feature list for NB-IoT
	WI
	#
	Feature group
	Components
	Prerequisite feature groups 
(listed in this sheet or Rel-8/9/10/11/12 features)
	Need for eNB to know whether the
feature is supported by the UE
(what happens if eNB does not know?)
	Consequences if the feature
 is not supported by the UE
	Need of FDD/TDD differentiation
	Note
	Responsible WG
	RAN WG recommendation

	6. Narrowband IoT
	6-1
	NB-IOT UE category
	1) 180 kHz bandwidth
2) DL TBS 680 bits
3) UL TBS xxx bits
4) UL Single-tone transmissions
Supported sub-carrier spacing pending RAN decision on 3.75 kHz, 15 kHz
	 
	Yes
	 
	N.A. (FDD only feature in Rel-13)
	Separate capability signalling is not needed as indicated capability is connected to NB-IOT UE category.
In RAN1 specification, both 3.75kHz and 15 kHz are supported.
	RAN1
	N.A. (This feature is connected with NB-IOT UE category)

	 
	6-2
	Multi-tone UL TX
	1) 15 kHz sub-carrier spacing
2) UL multi-tone transmissions
	6-1
	Yes
	No support for mutli-tone UL transmissions
	N.A. (FDD only feature in Rel-13)
	 
	RAN1
	TBD
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