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1 Background
Inter-RAT mobility for NB-IoT in REL-14 was not discussed in RAN2#95bis [1]. 

SA2 agreed on a P-CR for 23.730 concerning LTE-NB-IoT iRAT mobility in Idle mode and the exchange of LTE capabilities in NB-IoT RAT (and vice versa) [2]:

For devices capable of supporting both WB-E-UTRAN and NB-IoT, 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. 
SA2 send an LS to RAN2 and RAN3 with questions concerning the UE capability signalling [3]. In this contribution potential answers to the SA2 questions are provided, and the potential RAN impact to support iRAT mobility in NB-IoT is discussed further. 
2 Discussion
2.1 SA2 background
SA2 discussed Inter-RAT idle mode mobility to/from NB-IoT (Key Issue 3), as described in TR 23.730 [1], in the context of the SA2 study on NB-IoT enhancements for REL-14 (FS_CIOT_ext). The continuing work item also has iRAT mobility within scope (December 2016) [2]:

1) Support for authorization of use of Coverage Enhancement functionality.

2) Support for reliable communication service between UE and SCEF. 

3) Inter-RAT idle mode mobility support for NB-IOT.

4) Support for CN overload protection for UE supporting control plane EPS CIoT optimizations.

A tracking device might support both NB-IoT and EC-GSM-IoT (or eMTC) to improve global coverage and reachability. In REL-13 the UE is forced to detach and re-attach
 to select another RAT which increases signalling and power consumption. Such iRAT mobility may typically happen in poor coverage, increasing the required network resources (repetitions).
SA2 agreed the following architectural requirements as described in [2]: 

- 
Intra-PLMN idle mode inter-RAT mobility to and from NB-IoT should be supported in a radio, core network and battery efficient manner. The other RATs to be supported are WB-E-UTRAN; GPRS/ EC-GSM-IoT and UTRAN.

-
The solution should enable data sent on different RATs to be correctly recorded on CDRs.

- 
The HPLMN should be able to influence which APNs are maintained, reconnected or disconnected at inter-RAT idle mode mobility to/from NB-IoT.
SA2 agreed to adopt option 2b for the TAI list handling an option c.2 for the PDN connectivity [3]. 
2)
TAI list handling

To avoid that the TAI list contains a mix of WB-E-UTRAN and NB-IoT tracking areas:

b)
The MME is mandated to ensure that the TAI list that it allocates only contains TAs of one RAT type (either NB-IoT or WB-E-UTRAN).

1) 
PDN connections

c)
The target MME node uses the “EPS bearer context status IE” in the TAU Accept to indicate to the UE which bearers should be disconnected, and, optionally, adds a new IE (with similar coding format) to indicate which bearers (if any) should be reactivated.

Note 2:
In case of mobility to 2G/3G, the SGSN uses equivalent existing and new signalling to the UE in the RAU Accept.

Based on these enhancements, and the introduction of NB-IoT context transfer in CN (between MMEs and SGSN), it is assumed that in REL-14 the UE can perform iRAT mobility in Idle mode to/from NB-IoT without detach and re-attach, i.e. a TAU to/from NB-IoT would not be rejected in the CN.
In the following text the potential impact of iRAT mobility on RAN level is discussed further. 
2.2 iRAT mobility in REL-13 
iRAT mobility is not supported for NB-IoT in REL-13 at RAN level, i.e. when the UE roams out of NB-IoT coverage area the UE goes out of coverage in Idle mode (or loses the connection in connected mode). In REL-13 no iRAT mobility information is broadcasted in system information, and the UE is not required to measure for other RATs (in case the UE supports another RAT) during cell re-selection. However a UE implementation can implement search for other RATs during cell selection. Furthermore when the UE loses coverage the UE can potentially make use of stored information to find other RATs more quickly. 
2.3 Potential RAN2 impact

In legacy LTE idle mode iRAT mobility at RAN level is supported by means of:

· NW broadcasts inter-RAT cell re-selection info in system information (SIB7 GSM, SIB8 CDMA2000)
· UE performs iRAT measurements when it cannot find any suitable intra-RAT cells (intra-/inter-frequency)
· UE performs cell re-selection to a cell in another RAT when a suitable cell is found which satisifies the cell re-selection criteria. Cell re-selection between LTE, UTRAN and GSM is based on priority based cell re-selection (which it not supported in NB-IoT). 
SA2 identified three iRAT use cases to/from NB-IoT:

· NB-IoT <-> LTE (e.g. WB or eMTC) 

· NB-IoT <-> GSM (e.g. GPRS or EC-GSM-IoT)

· NB-IoT <-> UTRAN
Impact to support iRAT mobility at RAN level:

· Introduction of iRAT info in system information:

· system capacity (additional SIB on BCCH)

· UE power consumption (UE requirement to acquire valid system information)
· UE measurement requirements to measure iRAT frequencies/cells:

· UE power consumption (when the UE fails to find suitable intra-/inter-frequency cells, the UE is required to measure iRAT carriers/cells)
· Priority based cell reselection is not supported in NB-IoT:

· It would require further study how to perform cell re-selection between NB-IoT and LTE/UTRAN/GSM
Even when the UE is multi-RAT capable the UE should not be required to perform iRAT measurements, i.e. many NB-IoT may be stationary, and there is no strong need for “seamless” mobility. For tracking type of devices for example it is acceptable to roam out of coverage in one RAT, and then perform a measurement scan to try to re-connect in a different RAT:
Observation 1: A multi-RAT capable UE in NB-IoT in Idle mode can be out of coverage and out of service for some time dependent on the UE implementation. 

With cell select a UE implementation can scan for other RATs, possibly making use of stored iRAT information in the UE of previously visited RATs, when the UE is multi-RAT capable: 

Observation 2: With cell select the UE can implement iRAT mobility.
Note that iRAT mobility idle mode can be supported by means of the cell select. This implies that iRAT mobility in connected mode with RRC re-establishment (UP solution only) can be supported as well. 

Based on the previous discussion it is proposed: 

Proposal 1: iRAT mobility is not supported in NB-IoT at RAN level in REL-14, i.e. there is no iRAT info in system information, and the UE is not required to perform iRAT measurements when the UE is multi-RAT capable.
2.4 SA2 questions

Question 1: Does the eNB need to receive any (subset of) WB-E-UTRAN capabilities when the UE is camping on NB-IoT for the purpose of inter-RAT idle mode mobility to WB-E-UTRAN? And viceversa, does the eNB need to receive any (subset of) NB-IoT capabilities when the UE is camping on WB-E-UTRAN for the purpose of inter-RAT idle mode mobility to NB-IoT?

Potential answer: No. Handover and redirection between LTE and NB-IoT is not supported, which could be a potential reason for the exchange band capabilities in the other RAT. PS: in case RAN2 agrees that iRAT mobility is based on cell select, RAN2 should indicate this to SA2, i.e. no capability exchange is needed to support cell select. 

Question 2: Can an eNB identify whether the UE Radio Capabilities received from the MME are for NB-IoT only or for WB-E-UTRAN only, without any explicit indication from MME, and, e.g., trigger a UE radio capability request to UE  in case the received UE Radio Capability is not sufficient.

Potential answer: This is a RAN3 question. To our understanding the RAT type is not indicated. 
Question 3: If a UE received RRC suspend while camping on NB-IoT, and later moves to WB-E-UTRAN, would the UE perform RRC resume in WB-E-UTRAN, or would it delete the RRC context and start RRC connection establishment procedure?

Potential answer: iRAT mobility is not supported in REL-13 for NB-IoT. In 36.304 it is specified that UEs storing UE AS context and resumeIdentify shall discard the stored UE AS context and resumeIdentity upon cell reselection to another RAT
Question 4: Could a  legacy eNB process the wrong UE Radio Capability in a scenario where the MME provides both UE radio capabilities for NB-IoT and WB-E-UTRAN?

Potential answer: This is a RAN3 question. To our understanding the RAT type is not indicated.
3 Summary

RAN2 is kindly asked to discuss iRAT mobility: 

Proposal 1: iRAT mobility is not supported in NB-IoT at RAN level in REL-14, i.e. there is no iRAT info in system information, and the UE is not required to perform iRAT measurements when the UE is multi-RAT capable. 

The following observations were made:

Observation 1: A multi-RAT capable UE in NB-IoT in Idle mode can be out of coverage and out of service for some time dependent on the UE implementation. 

Observation 2: With cell select the UE can implement iRAT mobility.
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� In REL-13 a TAU to/from NB-IoT is rejected by the CN, because context transfer of the NB-IoT context is not supported. An ATTACH includes IMEI check and typically re-authentication and re-establishment of NAS security keys, re-establishment of RRC security (UP solution), and re-establishment of PDN connections.
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