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1 Introduction
SA2 has completed the Study on Cellular IoT support and evolution for the 5G System (FS_CIoT_5G) and has agreed a work item to specify 5GS enhancements based on the study conclusions to enable Cellular IoT functionalities for 5GS capable devices that support WB-EUTRA (eMTC) or NB-IoT or both [1], [2].
At RAN#82, revisions of the NB-IoT and eMTC Rel-16 WID were agreed to introduce support of Cellular IoT functionalities for 5GS capable devices that support WB-EUTRA (eMTC) or NB-IoT [3], [4].

Besides support of the CIoT functionalities in 5G CN, actual support of connectivity to 5G CN needs to be introduced.  This was introduced in Rel-15 specification for eLTE as part of WI [5], however eMTC and NB-IoT were excluded in the WI.

On our understanding, most of the changes introduced in Rel-15 can be made applicable to eMTC. However, due to a separate ASN.1, exceptions in the procedure text and special limitations in NB-IoT, this is not possible for NB-IoT.

In this document, we try to analyse the specification changes required to support the basic connectivity to 5GC, i.e. not considering the CIoT functionalities in 5GC being introduced in SA2 and not considering RRC_INACTIVE. 

Compared to R2-1901125 submitted at RAN2#105, more details have been added and proposals have been made instead of observations.

2 Discussion
2.1 CN type selection
For eLTE, information for CN type selection has been added to SIB1:
- cell barred 5GC

- PLMN Info list 5GC

- cell access related info 5GC
- support for IMS emergency call in 5GC

- support for eCall over IMS in 5GC

Similar info, as appropriate for NB-IoT, will need to be added to SIB1-NB.
Proposal 1: Information for 5G CN selection needs to be added to SIB1-NB.
2.2 Paging monitoring in 5GC 
For eLTE, 5G S-TMSI is used as the UE identity for paging in 5GC.
Proposal 2: A new UE identity, 5G S-TMSI, needs to be introduced as paging identity for paging in 5GC.
Proposal 3: The UE_ID_H used for the calculation of the PTW and the UE_ID used for the calculation of the paging occasion need to be redefined for paging in 5GC.
2.3 CN type indication for access to 5GC 
For LTE, information for connection to 5GC were added to indicate connection to 5GC and to provide either the 5G S-TMSI or information about the last registration.
1. RRC Connection Establishment
In LTE, the fields connectTo5GC, registeredAMF, s-NSAAI-List, ng-5G-s-TMSI, guami-Type were added to RRCConnectionSetupComplete to assist the eNB in the CN selection.

Similar information, as appropriate, will be needed in NB-IoT for AMF selection at the eNB.
Proposal 4: Information to assist the eNB in the 5G CN selection needs to be added to RRC Connection Setup Complete message.
In NB-IoT connected to EPS, the S-TMSI in MSG3 is used to retrieve the UE context (inter-UE QoS and UE capability) for the control plane solution from the MME after MSG3. Thus, information related to 5GC connection will need to be provided at earlier stage than in LTE to support the equivalent mechanism in 5GC. 

Retrieval of the UE context from the AMF after MSG3 is covered by the sub-topic ‘Support of Inter-UE QoS for data over NAS’ in the WID (key issue 14, solution 16 in TR 23.724 [6]).
Proposal 5: Information to assist the eNB in the retrieval of the UE context for the CP solution needs to be added to RRCConnectionRequest and RRCEarlyDataRequest messages.

Another change in eLTE is related to the set of establishment causes, for both RRC Connection establishment and connection resume, where delayTolerant cause is not applicable to 5GC
Proposal 6: The establishment causes applicable for connection to 5GC needs to be discussed.

2. RRC Connection Resumption

The solution to support the CIoT optimization for the user plane solution when connected to 5GC has not been decided yet by SA2. 

Proposal 7: Wait for SA2 to conclude on the CIoT optimization for the user plane solution before discussing change to the RRC connection resumption procedure.
2.4 RRC Connection Re-Establishment
In eLTE, UE goes to Idle and initiates NAS recovery procedure when the UE switches between CN at RRC Connection re-establishment. This has been motivated by the need to switch between NR PDCP and LTE PDCP.
Before discussing RRC Connection re-establishment for the user plane, it needs to be clarified how the user plane will be supported for NB-IoT connected to 5GC.
Proposal 8: Wait for SA2 to conclude on the CIoT optimization for the user plane solution before discussing the RRC Connection re-establishment procedure for the user plane solution. 
In NB-IoT. RRC Connection re-establishment for the CP is handled by the CN and the UE identification/authentication relies on the UE S-TMSI and the EPS NAS security (UL count and NAS-MAC-I). RRC Connection re-establishment for the Control plane is not discussed in the SA2 study. 

Proposal 9: Send a LS to SA3/ RAN3 whether RRC Connection re-establishment for the Control plane can be supported in 5GC in a similar way to EPS.

2.5 Load balancing and overload Control  
In eLTE it was agreed not to support a mechanism equivalent to loadBalancingTAURequired at RRC connection release in 5GC since the 5GC mechanisms for load (re-)balancing do not require to force the UE to perform the Registration procedure.
We assume the same applies to NB-IoT connected to 5GC.
Proposal 10: Release cause loadBalancingTAURequired at RRC connection release is not supported for NB-IoT connected to 5GC.
In eLTE, in order to support AMF overload control, a wait timer has been introduced in the RRCConnectionRelease message as the AMF identifier is not known before receiving the RRCConnectionSetupComplete.
For CIoT, overload control is covered by key issue 7 in TR 23.724 [6]. Solution 27 "Reuse of EPS Overload Control Mechanisms" for Small Data Rate Control, Service Gap Control, AMF/SMF Overload Control and Control plane data back-off timer is recommended as the basis for normative work. 

All the mechanisms are already in place for NB-IoT connected to EPS, thus additional changes are not expected for NB-IoT connected to 5GC.
Proposal 11: Wait for SA2 to see if any changes are required for AMF overload control for NB-IoT connected to 5GC.
In eLTE, redirection to an E-UTRA frequency was enhanced to allow redirection from 5GC to EPS. AS indicates to NAS the received CN Type for NAS to select the appropriate procedure. 
For CIoT, redirection between CN is covered by key issue 15 in TR 23.724 [6]. Solution 42 “NAS based Redirection between Core Networks” is recommended for normative work.
Proposal 12: Do not introduce RRC-based redirection between CN in NB-IoT.  
2.6 Access Barring
For LTE connected to 5GC, a new access barring mechanism ‘unified access barring’ has been introduced. 

In NB-IoT, there is a single Access barring mechanism and it is not clear whether it is necessary to introduce “unified access barring’ for connection to 5GC. 

In the case where “unified access barring” would be introduced in NB-IoT, there will be differences with the “unified access barring” specified for eLTE, e.g. use of a barring bitmap rather than a barring factor, no barring timer in the Access Stratum, barring per RSRP level, types of access, establishment causes…).  
Proposal 13: Access barring in NB-IoT connected to 5GC needs discussions across WGs.

2.7 Slicing and user plane handling when connected to 5GC
In 5GC, slicing, a new bearer architecture and reflective QoS were introduced and eLTE follows the NR PDCP and a new layer NR DSAP.

It is unclear to what extent this should apply to NB-IoT where there are many limitations compared to LTE (e.g. Support for the Control Plane solution only, support of maximum only default EPS bearers in EPS and maximum two DRBs…). 

QoS Support for NB-IoT is covered by the Key Issue 14: QoS Support for NB-IoT in TR 23.724 [6]. However, SA2 has not concluded on a solution for intra-UE QoS. 
Proposal 14: Network slicing and QoS handling (for both the control plane and the user plane solution) in NB-IoT connected to 5GC need discussions across WGs.
3 Conclusion
In this document, we have made a first top level analysis of the work that needs to be done to introduce NB-IoT connectivity to 5GC taking LTE connected to 5GC as a baseline. 
This analysis may not be exhaustive and does not cover the support of CIoT optimisations or RRC_INACTIVE, which are common with eMTC and already covered by the WI description.

We made the following proposals:

Proposal 1: Information for 5G CN selection needs to be added to SIB1-NB.

Proposal 2: A new UE identity, 5G S-TMSI, needs to be introduced as paging identity. for paging in 5GC.

Proposal 3: The UE_ID_H used for the calculation of the PTW and the UE_ID used for the calculation of the paging occasion need to be redefined for paging in 5GC.
Proposal 4: Information to assist the eNB in the 5G CN selection needs to be added to RRC Connection Setup Complete message.

Proposal 5: Information to assist the eNB in the retrieval of the UE context for the CP solution needs to be added to RRCConnectionRequest and RRCEarlyDataRequest message.

Proposal 6: The establishment causes applicable for connection to 5GC needs to be discussed.

Proposal 7: Wait for SA2 to conclude on the CIoT optimization for the user plane solution before discussing changes to the RRC resumption procedure.
Proposal 8: Wait for SA2 to conclude on the CIoT optimization for the user plane solution before discussing the RRC Connection re-establishment procedure for the user plane solution.

Proposal 9: Send a LS to SA3/ RAN3 whether RRC Connection re-establishment for the Control plane can be supported in 5GC in a similar way to EPS.

Proposal 10: Release cause loadBalancingTAURequired at RRC connection release is not supported for NB-IoT connected to 5GC.
Proposal 11: Wait for SA2 to see if any changes are required for AMF overload control for NB-IoT connected to 5GC.
Proposal 12: Do not introduce RRC-based redirection between CN in NB-IoT.
Proposal 13: Access barring in NB-IoT connected to 5GC needs discussions across WGs.

Proposal 14: Network slicing and QoS handling (for both the control plane and the user plane solution) in NB-IoT connected to 5GC need discussions across WGs.
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