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1 Introduction
At RAN#82, revision of the Rel-16 work items on additional enhancements for NB-IoT and MTC enhancements for LTE were agreed to include support of connection to 5GC and further revised later [1], [2]. 
One of the common objective is as follows:
Connection to 5GC:
· Specify support for the following features [RAN2, RAN3]
· Support of User Plane CIoT optimization
· [bookmark: _Hlk516676832]Support of EDT for Data over NAS and User Plane CIoT optimization 

Support of user plane CIoT 5GS optimisation was discussed at RAN2#107 and the following agreements were made:

	RAN2#107 agreements:
Support of eDRX in CM-IDLE and EDT:
Support of User Plane CIoT 5GS optimization is optional for both eMTC and NB-IoT devices connected to 5GC without capability signaling. Indication for support is provided in Msg5, i.e. RRCConnectionSetupComplete.
For NB-IoT and eMTC, introduce a new parameter, up-CIoT-5GS-Optimisation-r16, in SIB1-BR/SIB1-NB to indicate per PLMN support of User plane CIoT 5GS optimisations.
For eMTC, broadcast signaling is not required to indicate support of N3 data transfer since it is mandatory for both the UE and the network.
For NB-IoT, introduce a new parameter, n3-5GS-DataTransfer-r16, in SIB1-NB to indicate per PLMN support of N3 user plane data transfer.
For eMTC, introduce new parameters, up-CIoT-5GS-Optimisation-r16 and cp-CIoT-5GS-Optimisation-r16 in RRCConnectionSetupComplete when accessing 5GC.
For NB-IoT, introduce new parameters, up-CIoT-5GS-Optimisation-r16 and n3-5GS-DataTransfer-r16 in RRCConnectionSetupComplete-NB when accessing 5GC.
For NB-IoT and eMTC, when the UE in RRC_IDLE using the UP CIoT optimisation reselects to another CN type, it discards the UE AS context and the UE identity.
For NB-IoT and eMTC, UE goes to RRC_IDLE and initiates NAS recovery procedure when the UE switches between CN types at RRC Connection re-establishment.
Introduce a new IE up-EDT-5GC-r16 in SIB2-BR/SIB2-NB to indicate ng-eNB connected to 5GC supports UP MO-EDT.
Introduce a new UE capability earlyData-UP-5GC-r16 in UE-EUTRA-Capability, UE-Capability-NB to indicate support of UP MO-EDT in 5GC.



In this paper, we discuss remaining issues to support the User plane CIoT 5GS optimisation including EDT for eMTC/NB-IoT connected to 5GC.
Note this document does not discuss the impact of supporting RRC_INACTIVE for eMTC.
Compared to R2-1910180, this document removes the proposals that have been agreed at RAN2#107 and elaborates on the remaining proposals.

2 Discussion  
2.1 Support of User plane CIoT 5GS optimisation

RRC Connection Resume Request
There are two main issues to be solved with regard to support of the user plane CIoT 5GS optimisations as below:
· which security principles to adopt, i.e. whether to use EPC or 5GC security principles
· which UE identity to use, i.e. whether to use ResumeID as in EPS or whether to use I-RNTI as in 5GC
Security principles
In Rel-15 eLTE, security has been enhanced so the UE resumes the AS context and re-activates security prior to sending RRCConnectionResumeRequest, this provides enhanced security for the RRCConnectionResume message.
In Rel-15 NB-IoT and eMTC, the UP-EDT procedure follows the same security principles as 5GC and there was a proposal to generalise this to non-EDT based on the reasoning that it was better security and that it was supported in 5GC. This was not agreed because this would have impacted the legacy behaviour and required the UE and the eNB to support two different behaviours.
For UE connected for 5GC, there is no legacy UEs or eNBs, and early security activation can be the basic mechanism. This will avoid different security behaviour for different features when UE is connected to 5GC, e.g. UP optimisation, EDT and RRC_INACTIVE, and provide a safer basis for future extensions.
Proposal 1: For NB-IoT and eMTC, adopt early security activation, same as for RRC_INACTIVE, when connected to 5GC.
UE identity
In Rel-15, RRC connection resumption when accessing 5GC takes place when the UE is in RRC_INACTIVE, a new UE Identity (carrying the full or short I-RNTI) was defined. Due to the message size limitation and also to distinguish between legacy R13 EPC UP Optimisation Resume and R15 5GC RRC_INACTIVE Resume procedure at ng-eNB, a critical extension of RRCConnectionResumeRequest was created to carry the new UE identity.  
For eMTC and NB-IoT connected to 5GC, SA2 has agreed to go ahead with the UP CIoT 5GS optimisation solution, i.e. the RRC connection resumption when accessing 5GC takes place when the UE is in RRC_IDLE with suspend, same as when connected to EPC. It was also agreed at RAN2#106 that RRC_INACTIVE is optionally supported by eMTC UE connected to 5GC.
For eMTC connected to 5GC, for consistent handling of UE Identity when connected to 5GC for both RRC_INACTIVE and UP CIoT 5GS Optimisation, same I-RNTI can be adopted for UP CIoT 5GS Optimisation; this also avoids any RAN3 impact for handling different UE Identity for different features for 5GC connectivity. This allows usage of R15 introduced critical extension version of RRCConnectionResumeRequest for eMTC connected to 5GC. Since ng-eNB uses either UP CIoT 5GC Optimisation or RRC_INACTIVE for a given UE at any one time, there should not be any ambiguity for ng-eNB connected to 5GC. 
It was argued at RAN2#107 that the eNB needs to differentiate whether the UE is accessing from RRC_INACTIVE or from RRC_IDLE but this can be determined by the UE context. On the other hand, if the legacy RRCConnectionResumeRequest message is used, the eNB will need to differentiate whether the UE is accessing from EPC or 5GC. This will require an indication in the RRCConnectionResumeRequest message and for eMTC this will use the last spare bit in the message, which is not desirable.
Proposal 2: For eMTC connected to 5GC, adopt I-RNTI as UE identity for UP CIoT 5GS Optimisation and RRC_INACTIVE.
Proposal 3: For eMTC connected to 5GC, adopt R15 introduced critical extension version of RRCConnectionResumeRequest for UP CIoT 5GS optimisation, including the I-RNTI, shortResumeMAC-I, and resumeCause.

For NB-IoT connected to 5GC, in order to keep consistent handling of UE Identity when connected to 5GC, I-RNTI can also be used as the UE identity. In addition, in order for eNB to differentiate between legacy R13 UP CIoT EPS optimisation resume request and R16 UP CIoT 5GS optimisation resume request, we propose to introduce critical extension version of RRCConnectionResumeRequest-NB message for 5GC connectivity.   
Proposal 4: For NB-IoT connected to 5GC, adopt I-RNTI as UE identity for UP CIoT 5GS Optimisation.
Proposal 5: For NB-IoT connected to 5GC, create a critical version of RRCConnectionResumeRequest-NB message for UP CIoT 5GS optimisation, including the I-RNTI, shortResumeMAC-I, resumeCause (same causes as agreed for RRCConnectionRequest-NB in 5GC), and cqi-NPDCCH.


RRC Connection Resume

In Rel-15 eLTE, full configuration is allowed during connection resumption to 5GC and a new parameter fullConfig was added in RRCConnectionResume message. This was motivated by the fact that security is reactivated before resumption and that RRCConnectionResume is ciphered.
Proposal 6: For NB-IoT and eMTC, full configuration in RRCConnectionResume(-NB) is supported when connected to 5GC.

RRC Connection Release for suspension to RRC_IDLE

In Rel-15 eLTE, the configuration for next connection resumption is provided in IE RRC-InactiveConfig in RRCConnectionRelease message and the inclusion of the IE triggers transition to RRC_INACTIVE.

As RRC_INACTIVE and UP optimisations are two independent features, it is proposed not to reuse this IE for the UP 5GS optimisation. Still the UE idle mode Identity (I-RNTI) and the next hop chaining counter (NCC) need to be provided. 

Proposal 6: For NB-IoT and eMTC connected to 5GC, introduce a new IE up-CIOT-5GS-OptimisationConfig-r16 in RRCConnectionRelease including the full I-RNTI and nextHopChainingCount for UP CIoT 5GS optimisation. 
Proposal 7: For eMTC connected to 5GC, also include the short I-RNTI in IE up-CIOT-5GS-OptimisationConfig-r16 in RRCConnectionRelease for UP CIoT 5GS optimisation. 


2.2 Support of EDT with the user plane CIoT 5GS optimisations
The UP-EDT procedure is a pure AS procedure introduced on top of the UP CIoT 5GS optimisation and no changes additional to the ones described in section 2.1.1 are expected for NB-IoT and eMTC connected to 5GC. 

Proposal 8: The EPS UP-EDT procedure is reused, the changes described in section 2.1.1 apply for UP-EDT when connected to 5GC.  
If proposal 1 (early security activation) is agreed, changes to EDT fallback are needed so that the security activation and SRB1 is maintained. This means the same falback handling as non-EDT grant applies in case there is no EDT PRACH resources for the selected CEL. 
Proposal 9: Security should not be deactivated and SRB1 should not be suspended at EDT fallback for UP-EDT when connected to 5GC.  
3 Conclusion
In this document, we have discussed the remaining issues to support the User plane CIoT 5GS optimisation and UP-EDT when connected to 5GC. We have made the following proposals:
Proposal 1: For NB-IoT and eMTC, adopt early security activation, same as for RRC_INACTIVE, when connected to 5GC.
Proposal 2: For eMTC connected to 5GC, adopt I-RNTI as UE identity for UP CIoT 5GS Optimisation and RRC_INACTIVE.
Proposal 3: For eMTC connected to 5GC, adopt R15 introduced critical extension version of RRCConnectionResumeRequest for UP CIoT 5GS optimisation, including the I-RNTI, shortResumeMAC-I, and resumeCause.
Proposal 4: For NB-IoT connected to 5GC, adopt I-RNTI as UE identity for UP CIoT 5GS Optimisation.
Proposal 5: For NB-IoT connected to 5GC, create a critical version of RRCConnectionResumeRequest-NB message for UP CIoT 5GS optimisation, including the I-RNTI, shortResumeMAC-I, resumeCause (same causes as agreed for RRCConnectionRequest-NB in 5GC), and cqi-NPDCCH.
Proposal 6: For NB-IoT and eMTC, full configuration in RRCConnectionResume(-NB) is supported when connected to 5GC.
Proposal 7: For NB-IoT and eMTC connected to 5GC, introduce a new IE up-CIOT-5GS-OptimisationConfig-r16 in RRCConnectionRelease including the full I-RNTI and nextHopChainingCount for UP CIoT 5GS optimisation. 
Proposal 8: The EPS UP-EDT procedure is reused, the changes described in section 2.1.1 apply for UP-EDT when connected to 5GC.  
Proposal 9: Security should not be deactivated and SRB1 should not be suspended at EDT fallback for UP-EDT when connected to 5GC.  
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