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Abstract of the contribution: For dual mode NB-IoT/WB-E-UTRAN UEs, sending the UE WB-E-UTRAN capabilities 
1.
Discussion

1.0
Problem Description

As part of  FS_CIOT_ext, Key Issue 3 - Inter RAT idle mode mobility to/from NB-IoT – has been introduced in TR 23.730 and it was concluded to move forward with Solution 6, as captured in Section 8.3:
For Key issue #3, Solution 6 as described in Section 6.6 meets the requirements and shall be adopted for the normative work with the following:

-
For TAI handling option 2b is adopted.

-
For PDN connectivity handling step c2 is adopted. 
One aspect that has not been addressed as part of Key issue #3 is the fact that a multi-RAT device will have UE capabilities to be provided to the network for all the RATs connected to EPC. In particular for a device supporting NB-IoT and WB-E-UTRAN, the UE WB-E-UTRAN capabilities may be quite large. Providing these over NB-IoT radio may be extremely time/resource/power consuming. 

 As reference, a similar issue was discussed in the context of rSR-VCC from GERAN to E-UTRAN. During that discussion, RAN2 provided the following feedback in (S2-124208) (R2-125159):

· About the expected size of the IE EUTRA-Capability, RAN2 considers it exceeding 500 octets is not unlikely, considering the functional growth and introduction of new bands. For Rel-8 frozen version v850 of TS36.331, the maximum size of this IE is about 1263 octets as RAN2 signalling allows (64 LTE bands, 16 UTRA FDD bands,16 UTRA-TDD128 bands, 16 UTRA-TDD384 bands, 16 TDD768 bands,11 GERAN bands,18 HRPD bands and 18 1xRTT bands). The size of IE EUTRA-Capability for Rel-9,Rel-10 and Rel-11 is larger than Rel-8 due to introduction of many new features. 
For the case of rSR-VCC, it was concluded to avoid sending the WB-E-UTRAN capabilities over GSM/GPRS and obtain those from target E-UTRAN.
Therefore, it should be preferable to avoid the UE sending all the WB-E-UTRAN capabilities over NB-IoT, and limit the provision of capabilities to the NB-IoT capabilities (and possibly some indication that the UE supports WB-E-UTRAN). 
	Proposal 1:

A UE supporting both NB-IoT and WB-E-UTRAN RATs should not send the full UE WB-E-UTRAN capabilities in the UE Radio Capability IE over NB-IoT. It should limit the content of the UE Radio Capability to the UE NB-IoT capabilities and possibly some subset of WB-E-UTRAN capabilities for idle mode mobility.


In order to satisfy Proposal 1, the network must be aware when the UE capabilities only include the NB-IoT capabilities, and needs to obtain also the WB-E-UTRAN capabilities. 
There are two possible options to achieve that. For simplicity of argument, in the discussion the following nomenclature will be used:
-
UE NB-IoT capabilities:  The content of the UE Radio Capability is limited to NB-IoT and possibly some subset of WB-E-UTRAN capabilities for idle mode mobility. 

-
UE full E-UTRAN capabilities: The UE Radio Capability contains the full NB-IoT and WB-E-UTRAN capabilities. 

Note the RAN2 feedback would be needed on what is the subset of WB-E-UTRAN capabilities needed for idle mode mobility from NB-IOT to WB-E-UTRAN. 
1.1
Solution Option 1: Handling of UE capabilities in RAN, transparent to MME. 

1.1.1
Description

The basis for this solution is as follows:

· If the UE is camping on NB-IoT and the eNB requests the UE Radio Capability information, the UE provides the UE NB-IoT capabilities. 
· The eNB sends the UE Radio Capability (containing only the UE NB-IoT capabilities) to MME. The fact that the UE Radio Capability contains only the UE NB-IoT capabilities is transparent to the MME. 
· When the UE moves to E-UTRAN and initiates TAU, the MME provides UE Radio Capability information as per current behaviour to the eNB.

· The eNB identifies that the UE Radio Capability information only contains the UE NB-IoT capabilities.
· In that case, the eNB requests the UE Radio Capability information from the UE. 

· The UE provides the UE full E-UTRAN capabilities since it is now camping WB-E-UTRAN.

· The eNB updates the MME with the new UE Radio Capability information containing the UE full E-UTRAN capabilities.

1.1.2
Impacts

In the UE:

· Provide different sets of UE radio capabilities depending on which RAT the UE is camping:

· Provide UE NB-IoT capabilities if camping on NB-IoT.

· Provide UE full E-UTRAN capabilities if camping on WB-E-UTRAN.

In the eNB:

· Recognize, when the UE is initiating TAU procedure from WB-E-UTRAN, that the UE Radio Capability received from MME only contains UE NB-IoT capabilities. 

· Trigger in that case the request of UE Radio Capability information from the UE.

· Provide to the MME the UE Radio Capability information received from the UE  (via UE CAPABILITY INFO INDICATION message).

· Possibly impact in the handling of UE NB-IoT capabilities for mobility when the UE is camping on NB-IoT.

In the MME:

· No impact.
1.2
Solution Option 2:
Handling of UE capabilities with MME knowledge keeping one UE Radio Capability set
1.2.1
Description

The basis for this solution is as follows:

· If the UE is camping on NB-IoT and the eNB requests the UE Radio Capability information, the UE provides the UE NB-IoT capabilities. 

· The eNB sends the UE Radio Capability (containing only the UE NB-IoT capabilities) to MME. The MME identifies that it received the UE Radio Capability information while the UE was camping on NB-IoT (from the associated TAC), and marks the UE Radio Capability as "partial to NB-IoT". 
· When the UE moves to another NB-IoT cell and initiates e.g. TAU, the MME provides UE Radio Capability information to the E‑UTRAN in the S1 interface INITIAL CONTEXT SETUP REQUEST message per current behaviour. 
· When the UE moves to a WB-E-UTRAN cell and initiates TAU, MME shall delete (or mark as deleted) any UE Radio Capability information that it has stored, and, if the MME sends an S1 interface INITIAL CONTEXT SETUP REQUEST or UE RADIO CAPABILITY MATCH REQUEST message during that procedure, the MME shall not send any UE Radio Capability information to the E‑UTRAN in that message.
· This triggers the eNB to request the UE Radio Capability information from the UE (as per current eNB behaviour). 

· The UE provides the UE full E-UTRAN capabilities since it is now camping E-UTRAN.

· The eNB updates the MME with the new UE Radio Capability information containing the UE full E-UTRAN capabilities.

1.2.2
Impacts

In the UE:

· Provide different sets of UE radio capabilities depending on which RAT the UE is camping:

· Provide UE NB-IoT capabilities if camping on NB-IoT.

· Provide UE full E-UTRAN capabilities if camping on WB-E-UTRAN.

In the eNB:

· Possibly impact in the handling of UE NB-IoT capabilities for mobility when the UE is camping on NB-IoT.

In the MME:

· Identify that the UE Radio Capability was last received from NB-IoT 
· In that case, when the UE moves from NB-IoT to WB-E-UTRAN, mark the UE Radio Capability as deleted and not provide it to E-UTRAN. 
1.3
Solution Option 3:
Handling of UE capabilities with MME knowledge keeping separate UE Radio Capability sets

1.3.1
Description

The basis for this solution is as follows:

· If the UE is camping on NB-IoT and the eNB requests the UE Radio Capability information, the UE provides the UE NB-IoT capabilities. 

· If the UE is camping on WB-E-UTRAN, it provides its UE full E-UTRAN capabilities if requested by eNB.

· If it had requested the UE Radio Capability to UE, the eNB sends the UE Radio Capability to MME (as per current behaviour). 

· The MME keeps in storage two separate UE Radio Capability information sets:

· UE Radio Capability information received from NB-IoT.

· UE Radio Capability information received from WB-E-UTRAN (Legacy UE Radio Capability information). 

· This is a superset of, i.e. it contains, the UE NB-IoT radio capabilities. 

· When the UE performs TAU from an NB-IoT cell the MME provides:

· The Legacy UE Radio Capability information if stored.

· Else, the UE Radio Capability information received from NB-IoT if stored.

· When the UE performs TAU from an WB-E-UTRAN cell

· If the MME has valid The Legacy UE Radio Capability information it provides this information to E-UTRAN.

· Else, it does not provide any information, even when it has the UE Radio Capability information received from NB-IoT.

· This triggers the eNB to request the UE Radio Capability information from the UE and provides to MME (as per current eNB behaviour).

· When the MME receives the UE Radio Capability information while the UE is camping on WB-E-UTRAN, the MME deletes the UE Radio Capability information received from NB-IoT if stored.
1.3.2
Impacts

In the UE:

· Provide different sets of UE radio capabilities depending on which RAT the UE is camping:

· Provide UE NB-IoT capabilities if camping on NB-IoT.

· Provide UE full E-UTRAN capabilities if camping on WB-E-UTRAN.

In the eNB:

· Possibly impact in the handling of UE NB-IoT capabilities for mobility when the UE is camping on NB-IoT.

In the MME:

· Maintain two different sets of UE Radio Capability information, one received from WB-E-UTRAN and another received from NB-IoT.
· Providing the right information to eNB based on which RAT the UE is camping on. 
1.4
Solution Option 4:
UE-based by indicating "UE radio capability update"

1.4.1
Description
The basis for this solution is follows:

· If the UE is camping on NB-IoT and the eNB requests the UE Radio Capability information, the UE provides the UE NB-IoT capabilities. 

· The eNB sends the UE Radio Capability (containing only the UE NB-IoT capabilities) to MME. 

· When the UE moves to a WB-E-UTRAN cell, the UE initiates TAU indicating "UE radio capability update". 

· Based on the UE indication of "UE radio capability update" the MME does not include the UE Radio Capability information to the E‑UTRAN in the S1 interface INITIAL CONTEXT SETUP REQUEST message.

NOTE: This MME behaviour is mentioned in TS 23.401 section 5.11.2, except "UE radio capability update" is currently only supported for changes of GERAN radio capabilities in ECM-IDLE. Any change in the UE's E UTRAN capabilities requires the UE to detach and then re-attach to the system.
· This triggers the E‑UTRAN to request the UE Radio Capability from the UE, which in turn provides the UE full E-UTRAN capabilities, and upload it to the MME in the S1 interface UE CAPABILITY INFO INDICATION message, as per current behaviour. 
1.4.2
Impacts

In the UE:

· Provide different sets of UE radio capabilities depending on which RAT the UE is camping:

· Provide UE NB-IoT capabilities if camping on NB-IoT.

· Provide UE full E-UTRAN capabilities if camping on WB-E-UTRAN.

· Provide indication "UE radio capability update" during TAU due to inter-RAT mobility to/from NB-IoT

In the eNB:

· Possibly impact in the handling of UE NB-IoT capabilities for mobility when the UE is camping on NB-IoT.

In the MME:

· Handling of "UE radio capability update" for a scenario other than GERAN capability change.
2. Proposed changes to TR 23.730 v1.1.0
First Change

5.3.1.3
Description of problem(s)

Release 13 has mandated that when any UE perform inter-RAT idle mode mobility to / from NB-IoT the network detaches them with a request to reattach. This requirement seemed to have 2 drivers:

a)
Many verbal statements that applications stall (or need to be stopped) at such an inter-RAT change.

b)
It is important to know (e.g. for charging purposes) what data has been sent on the NB-IoT RAT and what has been sent on the WB-E-UTRAN RAT. With the existing Release 8 (and Release 13) specifications, the mobile will perform a TAU at inter-RAT idle mode mobility between NB-IoT/WB-E-UTRAN and include the last visited Tracking Area ID (i.e. from the old E-UTRAN RAT) in the TAU Request sent on the target E-UTRAN RAT.

As specified in TS 23.401 [8], (e.g. in 5.3.3.1) "The last visited TAI shall be included in order to help the MME produce a good list of TAIs for any subsequent TAU Accept message"
A typical MME could then include the new (e.g. NB-IoT) Tracking Area ID and the last visited (e.g. WB-E-UTRAN) TAI in the TAU accept message: this would result in the UE being able to move between NB-IoT and WB-E-UTRAN without any signalling to the MME and potentially lead to incorrect charging.

Problems with the Release 13 solution of detach / re-attach include -

1)
Excessive signalling:

1.1)
the Attach procedure is a heavy weight procedure. It needs to include an IMEI check and frequently involves re-authentication and re-establishment of NAS security keys. With the "User plane CIoT optimisations", it would probably involve the re-establishment of RRC security. Appropriate PDN connections also need to be (re)established.

1.2)
the WB-E-UTRAN to NB-IoT idle mode mobility will normally be performed in poor coverage (especially if the device supports eMTC coverage extension mode B). Hence the (Detach plus) heavy weight Attach procedures will consume a significant amount of radio resources and device battery energy.

1.3)
the rate at which "smartphones" loose normal coverage is not necessarily visible to normal customers: e.g. TS 23.122 section 4.6 allows the "service indication" to be displayed for up to 10 second after a suitable cell is no longer available.

NOTE:
while this clause of TS 23.122 only applies to A/Gb mode, the absence of any Iu mode or S1 mode specification may mean that there is no standardised limit to the continued display of the service indication following loss of coverage.

Hence a future, NB-IoT capable Smartphone might toggle RATs more frequently than expected from current smartphone displays and hence generate significant UE, radio and core network signalling load.

2)
For GPRS/EC-GSM-IoT <->NB-IoT idle mode mobility, the data rates are similar and there is little need to force the disconnection of any PDN connection.

3)
The HPLMN operator should have influence/control over which APNs are disconnected at inter-RAT change (e.g. so that location services based on SUPL are not disrupted; (in contrast) high bandwidth consumer video services may need to be paused; etc.)

Another problem with the introduction of devices capable of supporting both WB-E-UTRAN and NB-IoT is that the UE WB-E-UTRAN capabilities may be quite large. Providing these over NB-IoT radio at every inter-RAT change may be extremely time/resource/power consuming, and in the future it is possible that the WB-E-UTRAN capabilities could exceed the (approximately) 1500 octet maximum NB-IoT PDCP packet size. It is preferable to avoid the requirement for the UE to send WB-E-UTRAN capabilities when the UE is requested to provide the UE Radio Capability information (e.g. during attach procedure) when camping on NB-IoT.
Editor’s note: RAN WGs need to clarify if Suspend/Resume applies across RATs. If it applies, the solution would need to support Suspend/Resume operation between WB-E-UTRAN and NB-IoT.

Next Change

6.X
Solution X - Avoid UE sending WB-E-UTRAN capabilities when camping on NB-IoT

6.X.1
Description

6.X.1.0
General
This solution addresses Key issue # Key Issue 3 - Inter RAT idle mode mobility to/from NB-IoT, in particular, the problem that for devices capable of supporting both WB-E-UTRAN and NB-IoT, the UE WB-E-UTRAN capabilities may be quite large, and providing these over NB-IoT radio may be extremely time/resource/power consuming. 
This solution proposes that a UE supporting both NB-IoT and WB-E-UTRAN RATs should not send the full UE WB-E-UTRAN capabilities in the UE Radio Capability IE over NB-IoT. It should limit the content of the UE Radio Capability to the UE NB-IoT capabilities and possibly some subset of WB-E-UTRAN capabilities for idle mode mobility.
The UE behaviour is as follows:

-
When the UE is requested to provide the UE Radio Capability information while camping on WB-E-UTRAN, the UE provides the full UE Radio Capability information including both NB-IoT and WB-E-UTRAN capability information. 
-
When the UE is requested to provide the UE Radio Capability information while camping on NB-IoT, the UE provides only the NB-IoT Radio Capability information and possibly some subset of WB-E-UTRAN capabilities for idle mode mobility.
The subset of WB-E-UTRAN capabilities for idle mode mobility to be provided in the UE Radio Capability information should at least let the RAN know of the UE support of WB-E-UTRAN for the purpose of idle mode mobility. 

 NOTE:
The details of this subset needs to be studied in RAN2.
There are multiple possible ways to handle this in the network side. The options are listed in the following sections.
As the transmission of the NB-IoT capabilities while camping on a WB-E-UTRAN cell is not believed to be supported by Release 13 UEs, Option 5, below describes a network based solution that is also compatible with Release 13 UEs.
6.X.1.1
Option 1: Handling of UE capabilities in RAN, transparent to MME. 

6.X.1.1.1
Description

The basis for this solution is as follows:

· If the UE is camping on NB-IoT and the eNB requests the UE Radio Capability information, the UE provides the UE NB-IoT capabilities. 

· The eNB sends the UE Radio Capability (containing only the UE NB-IoT capabilities) to MME. The fact that the UE Radio Capability contains only the UE NB-IoT capabilities is not visible to the MME. 

· When the UE moves to E-UTRAN and initiates a procedure that triggers DRB establishment (e.g. TAU with active flag or Service Request) the eNB identifies that the UE Radio Capability information only contains the UE NB-IoT capabilities
Editor’s note: whether it is possible for the eNB to do this differentiation of WB-E-UTRAN and NB-IoT capabilities to be verified with RAN WG 3 / RAN WG 2.
· In that case, the eNB requests the UE Radio Capability information from the UE. 

· The UE provides the UE full E-UTRAN capabilities since it is now camping on WB-E-UTRAN.

· The eNB updates the MME with the new UE Radio Capability information containing the UE full E-UTRAN capabilities.
· Editor’s note: Whether Suspend/Resume across RATs apply needs to be decided in RAN WGs.  If it applies, how the solution works for RRC Suspend in NB-IoT followed by Resume in WB-EUTRAN needs to be clarified.
Editor’s Note: It is FFS if there is a risk that an eNB (e.g. legacy eNB) processes “the wrong” UE Radio Capability. 
6.X.1.1.2
Impacts

In the UE:

· Provide different sets of UE radio capabilities depending on which RAT the UE is camping:

· (as in existing Release 13) Provide UE NB-IoT capabilities if camping on NB-IoT.

· Provide UE full E-UTRAN capabilities if camping on WB-E-UTRAN.

In the eNB:

· Recognize, when the UE is accessing WB-E-UTRAN, that the UE Radio Capability received from MME  only contains UE NB-IoT capabilities. 

· (as per legacy procedures) Trigger in that case the request of UE Radio Capability information from the UE.

· (as per legacy procedures) Provide to the MME the UE Radio Capability information received from the UE  (via UE CAPABILITY INFO INDICATION message).

· Possibly impact in the handling of UE NB-IoT capabilities for mobility when the UE is camping on NB-IoT.

In the MME:

· No impact.
6.X.1.2
Option 2:
Handling of UE capabilities with MME knowledge keeping one UE Radio Capability set

6.X.1.2.1
Description

The basis for this solution is as follows:

· If the UE is camping on NB-IoT and the eNB requests the UE Radio Capability information, the UE provides the UE NB-IoT capabilities. 

· The eNB sends the UE Radio Capability (containing only the UE NB-IoT capabilities) to MME. The MME identifies that it received the UE Radio Capability information while the UE was camping on NB-IoT (from the associated TAC), and marks the UE Radio Capability as "partial to NB-IoT". 

· When the UE moves to another NB-IoT cell and initiates and initiates a procedure that triggers DRB establishment (e.g. TAU with active flag or Service Request), the MME provides UE Radio Capability information to the E‑UTRAN in the S1 interface INITIAL CONTEXT SETUP REQUEST message per current behaviour. 

· When the UE accesses  a WB-E-UTRAN cell and the MME sends an S1 interface INITIAL CONTEXT SETUP REQUEST or UE RADIO CAPABILITY MATCH REQUEST message during that procedure, the MME shall not send any UE Radio Capability information to the E‑UTRAN in that message. Also the, MME shall detect that the RAT is now WB-E-UTRAN and delete (or mark as deleted) any “partial to NB-IoT” UE Radio Capability information that it has stored.
· This triggers the eNB to request the UE Radio Capability information from the UE (as per current eNB behaviour). 

· The UE provides the UE full E-UTRAN capabilities since it is now camping on WB-E-UTRAN.

· The eNB updates the MME with the new UE Radio Capability information containing the UE full E-UTRAN capabilities.
· Editor’s note: Whether Suspend/Resume across RATs apply needs to be decided in RAN WGs.  If it applies, how the solution works for RRC Suspend in NB-IoT followed by Resume in WB-EUTRAN needs to be clarified.
6.X.1.2.2
Impacts

In the UE:

· Provide different sets of UE radio capabilities depending on which RAT the UE is camping:

· (Same as Rel 13) Provide UE NB-IoT capabilities if camping on NB-IoT.

· Provide UE full E-UTRAN capabilities if camping on WB-E-UTRAN.

In the eNB:

· Possibly impact in the handling of UE NB-IoT capabilities for mobility when the UE is camping on NB-IoT.

In the MME:

· Identify that the UE Radio Capability was last received from NB-IoT 

· In that case, when the UE accesses WB-E-UTRAN and the MME would normally send the UE capabilities to the eNB, mark the UE Radio Capability as deleted and not provide it to E-UTRAN. 
6.X.1.3
Option 3:
Handling of UE capabilities with MME knowledge keeping separate UE Radio Capability sets

6.X.1.3.1
Description

The basis for this solution is as follows:

· If the UE is camping on NB-IoT and the eNB requests the UE Radio Capability information, the UE provides the UE NB-IoT capabilities. 

· If the UE is camping on WB-E-UTRAN, it provides its UE full E-UTRAN capabilities if requested by eNB.

· If it had requested the UE Radio Capability to UE, the eNB sends the UE Radio Capability to MME (as per current behaviour). 

· The MME keeps in storage two separate UE Radio Capability information sets:

· “Partial” UE Radio Capability information received from NB-IoT.

· “Full” UE Radio Capability information received from WB-E-UTRAN (Legacy UE Radio Capability information). 

· This is a superset of, i.e. it contains, the UE NB-IoT radio capabilities. 

· When the UE performs Service Request  or TA U with active flag, causing establishment of DRBs, from an NB-IoT cell the MME provides:

· The Full UE Radio Capability information if stored.

· Else, the Partial UE Radio Capability information received from NB-IoT if stored.

· When the UE performs Service Request or TA U with active flag, causing establishment of DRBs, from an WB-E-UTRAN cell

· If the MME has valid  Full UE Radio Capability information it provides this information to E-UTRAN.

· Else, it does not provide any information, even when it has the Partial UE Radio Capability information received from NB-IoT.

· This triggers the eNB to request the Full UE Radio Capability information from the UE and provides to MME (as per current eNB behaviour).

· When the MME receives the UE Radio Capability information while the UE is camping on WB-E-UTRAN, the MME deletes the UE Radio Capability information received from NB-IoT if stored.

Editor’s note: Whether Suspend/Resume across RATs apply needs to be decided in RAN WGs.  If it applies, how the solution works for RRC Suspend in NB-IoT followed by Resume in WB-EUTRAN needs to be clarified.
6.X.1.3.2
Impacts

In the UE:

· Provide different sets of UE radio capabilities depending on which RAT the UE is camping:

· (as in Release 13) Provide UE NB-IoT capabilities if camping on NB-IoT.

· Provide UE full E-UTRAN capabilities if camping on WB-E-UTRAN.

In the eNB:

· Possibly impact in the handling of UE NB-IoT capabilities for mobility when the UE is camping on NB-IoT.

In the MME:

· Maintain two different sets of UE Radio Capability information, one received from WB-E-UTRAN and another received from NB-IoT.

· Providing the right information to eNB based on which RAT the UE is camping on. 
6.X.1.4
Option 4:
UE-based by indicating "UE radio capability update"

6.X.1.4.1
Description

The basis for this solution is follows:

· If the UE is camping on NB-IoT and the eNB requests the UE Radio Capability information, the UE provides the UE NB-IoT capabilities. 

· The eNB sends the UE Radio Capability (containing only the UE NB-IoT capabilities) to MME. 

· When the UE FIRST moves to a WB-E-UTRAN cell following ATTACH in an NB-IoT cell, the UE initiates TAU indicating "first TAU following GERAN/UTRAN Attach ". 
Editor’s Note: need to avoid the transmission of the full capabilities at every change to WB-E-UTRAN
· Based on the UE indication of "first TAU following GERAN/UTRAN Attach " the MME deletes the stored UE capabilities and (e.g. at a later Service Request procedure) does not include the UE Radio Capability information to the E‑UTRAN in the S1 interface INITIAL CONTEXT SETUP REQUEST message.

NOTE: This MME behaviour is mentioned in TS 23.401 section 5.11.2, except "UE radio capability update" is currently only supported for changes of GERAN radio capabilities in ECM-IDLE. Any change in the UE's E UTRAN capabilities requires the UE to detach and then re-attach to the system.
· This triggers the E‑UTRAN to request the UE Radio Capability from the UE, which in turn provides the UE full E-UTRAN capabilities, and upload it to the MME in the S1 interface UE CAPABILITY INFO INDICATION message, as per current behaviour. 
· Editor’s note: Whether Suspend/Resume across RATs apply needs to be decided in RAN WGs.  If it applies, how the solution works for RRC Suspend in NB-IoT followed by Resume in WB-EUTRAN needs to be clarified.

6.X.1.4.2
Impacts

In the UE:

· Provide different sets of UE radio capabilities depending on which RAT the UE is camping:

· (As in Release 13) Provide UE NB-IoT capabilities if camping on NB-IoT.

· Provide UE full E-UTRAN capabilities if camping on WB-E-UTRAN.

· Provide indication " first TAU following GERAN/UTRAN Attach " during first TAU in WB-EUTRAN after Attach in  NB-IoT

In the eNB:

· After Suspend in NB-IoT and Resume in WB-E-UTRAN, detect that the UE capabilities are only for NB-IoT and request the full E-UTRAN capabilities from the UE
· Possibly impact in the handling of UE NB-IoT capabilities for mobility when the UE is camping on NB-IoT.

In the MME:

· None (The handling of "first TAU in WB-E-UTRAN" for a scenario other than following Attach in UTRAN/GERAN cannot really be detected by the MME)
6.X.1.5
Option 5:
MME stores two sets of UE Radio Capability and provides both to ENB

6.X.1.5.1
Description

The basis for this solution is follows:

· If the UE is camping on NB-IoT and the eNB requests the UE Radio Capability information, the UE provides the UE NB-IoT capabilities. 

· If the UE is camping on WB-E-UTRAN and the eNB requests the UE Radio Capability information, the UE provides the “R13 style” capabilities that do not include NB-IoT ones. 

· The eNB sends the UE Radio Capability to MME.
· The MME has two storage areas, one for NB-IoT UE capabilities and one WB-E-UTRAN UE radio capabilities 
· At Service Request (etc) the MME puts both NB-IoT and Non-NB-IoT UE capabilities into the INITIAL CONTEXT SETUP REQUEST message as separately identifiable information elements. If the MME only has one of the capabilities, then only that is sent BUT an indication is included as to which capability it is.

· If the eNB does not receive the capability information it needs from the MME (.e.g. following Attach in NB-IoT, then Suspend in NB-IoT, then Resume in WB-E-UTRAN), the eNB requests it from the UE and submits it to the MME.
6.X.1.5.2
Impacts

In the UE:

· None 

· (as in Release 13) Provide UE NB-IoT capabilities if camping on NB-IoT.

· (as in Release 13) Provide UE WB-E-UTRAN capabilities if camping on WB-E-UTRAN.

In the eNB:

· Handle 2 UE Radio Capability IEs and their markers in S1-AP and X2-AP messages. (As in legacy) trigger capability retrieval from the UE if the needed information is not present .

· Possibly impact in the handling of UE NB-IoT capabilities for mobility when the UE is camping on NB-IoT.
· Editor’s Note: It is FFS if there is a risk that an eNB (e.g. legacy eNB) processes “the wrong” UE Radio Capability. 
In the MME:

· Maintain two different sets of UE Radio Capability information, one received from WB-E-UTRAN and another received from NB-IoT.
· Provide them to the eNB along with a marker as to identify them.
6.X.2
Impacts on existing nodes and functionality

Impacts of each option are provided in the Description part. 
6.X.3
Solution Evaluation
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