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Abstract of the contribution: This paper aims to study the possibility to support of the Control Plane CIoT 5GS optimisation over NR without impacting the RAN. This paper also discusses the possible implementations of how to ensure that the User Plane CIoT 5GS optimisation is not used over NR while used over LTE.
1. Discussion
1.1 Support of Control Plane CIoT 5GS Optimisation over NR

Currently, TS 23.501 states that Control Plane CIoT 5GS Optimisation is not supported over NR. The reason for this restriction is that no WI exists in TSG RAN to support the CIoT features over NR in Rel-16. However, how this restriction is handled by 5GC and NG-RAN has not been addressed yet. For the same reason, this handling shall not impact NG-RAN.
Remark 1: The support or the non-support of the CIoT Optimisations shall have no impact on RAN.
According to TR 23.724, the only RAN impact of the Control Plane CIoT 5GS Optimisation  is the handling of the Release Assistance Information (RAI). A second impact to consider is the support of EDT (Early Data Transmission). Indeed, the rest of the feature consists in the transmission of NAS messages (transparent for the RAN) to the AMF. 
Besides, the UE is not able to indicate in RRC signalling its support for Control Plane CIoT 5GS Optimisation during a registration over NR. This prevent a UE registering over NR to be routed to an AMF supporting Control Plane CIoT 5GS Optimisation, but does not prevent a UE that has registered over E-UTRAN to later use Control Plane CIoT 5GS Optimisation (without EDT and RAI) over NR.

Remark 2: Supporting the Control Plane CIoT 5GS Optimisation over NR without the EDT feature and the use of RAI, for a UE that has previously registered over E-UTRAN, has no impact on RAN. The restriction to support this in Release 16 can be removed (as this already works), and replaced by a statement that EDT and RAI are not supported over NR. 
A UE that registers over NR will not indicate in RRC signalling its support for Control Plane CIoT 5GS Optimisation. Consequently, its registration request can be routed to an AMF that does not support Control Plane CIoT 5GS Optimisation, when this is the case, the UE will fail to negotiate the use of Control Plane CIoT 5GS Optimisation with the AMF and will therefore not use Control Plane CIoT 5GS Optimisation. If the UE (e.g. by chance) is routed to an AMF that supports Control Plane CIoT 5GS Optimisation, the UE will be able to negotiate Control Plane CIoT 5GS Optimisation and use it, without EDT and RAI.

Note: As a deployment option, network slicing configuration can ensure that a UE is (re)directed to an AMF supporting Control Plane CIoT 5GS Optimisation.
Remark 3: There is no need to restrict a UE that registers over NR from using the Control Plane CIoT 5GS Optimisation (with the understanding that EDT and RAI are not supported over NR).

Remark 4: Using the Control Plane CIoT 5GS Optimisation even without EDT and RAI has benefits in terms of power consumption.
Question 1: Should we introduce a preference setting between using NR (without using EDT and RAI) and staying in E-UTRAN to use EDT and RAI?

We could add new subscription data or ME setting to identify if the UE prefers to deactivate NR or use the Control Plane CIoT 5GS Optimisation without EDT and RAI. This would add complexity and lead to possible lack of coverage. However,considering the little additional gains provided by the EDT and RAI features over those provided by the CP CIoT Optimisation in terms of power consumption, it seems quite pointless to introduce a decision mechanism between disabling NR and using Control Plane CIoT 5GS Optimisation without EDT and RAI. We can thus keep unchanged the current mobility and dual connectivity procedures, and the UE will just not be able to use EDT and RAI when using NR. 
Anwser 1: No, we rely on current mechanisms for mobility and DC between NR and E-UTRAN.
Remarks 1, 2, 3 and 4, and Answer 1 lead to the following proposal:
Proposal 1: When connected in RRC to a gNB, a UE which negotiated the use of the CP CIoT 5GS optimisation, may use the Control Plane CIoT 5GS Optimisation without EDT and shall not include RAI in its RRC Messages. No further restriction regarding CP CIoT 5GS optimisation is needed.
1.2  Non-support of the User Plane CIoT 5GS optimisation over NR
Like in the previous clause, the following remark applies.
Remark 1: The support or the non-support of the CIoT Optimisations shall have no impact on RAN.

Supporting the use of the User Plane CIoT 5GS Optimisation has two consequences on the RAN according to TR 23.724:

· Support of Suspend and Resume Procedures

· Storage of the relevant AS information when the UE moves to CM-IDLE

The impacts on RAN are far too big to be avoided.

Remark 5: It is impossible to support the User Plane CIoT 5GS Optimisation or even a subset of this feature without impacting the RAN.
Remarks 1 and 5 leads to the following proposal:

Proposal 2: The statement of non-support of the User Plane CIoT 5GS Optimisation over NR shall be kept in the specification.

To prevent a UE for using the User Plane CIoT 5GS Optimisation over NR, it can remove its support for User Plane CIoT 5GS Optimisation in its Preferred Network Behaviours when registering over NR. The problem is that we prevent the UE from using the optimisation when covered in LTE.
Also, this is not needed because User Plane CIoT 5GS Optimisation will be disabled "by itself" when the UE moved to NR:

· After a handover to NR, a UE in Connected mode will never be "Suspended" by the gNB since this procedure does not exist in NR.

· A "Suspended" UE that has moved to NR cannot use the Resume procedure since it does not exist in NR and will do a Service Request instead.
However, an issue is that a UE could "prefer" to not use NR in order to keep the User Plane CIoT 5GS Optimisation. Unlike the case studied in the previous paragraph, the difference in terms of power consumption between supporting the User Plane CIoT 5GS Optimisation and support nothing is far too big to let the network chose for the UE.
A solution could be to ask the UE to deactivate NR if it wants to use the User Plane CIoT 5GS Optimisation. This solution is a bit too radical since some UEs could prefer to use normal N3 data transfer over NR than nothing (in case of poor E-UTRAN coverage for instance). 
Another solution is to have a new subscription IE which states whether the UE prefers to use normal N3 data transfer when covered in NR or if it prefers to deactivate NR. The PDU Session can then be handled by SMF/AMF according to this IE. This implies more checks from the NFs for the PDU Sessions using the optimisation, more complexity in many procedures but also more flexibility for the UE and far more power saving (because unlike the previous paragraph, the choice needs to be made between a complete optimisation and no optimisation at all). Therefore, the solution seems the best of the three exposed.

Proposal 3: Adding a new subscription IE stating whether the UE prefers to use normal N3 data transfer when covered in NR or deactivate NR.
Here are the modifications to the CN that shall be approved to support Proposal 3.

The UDM shall store this new IE which can be named “PDU Session handling at inter RAT mobility”. Its value can be “Establish N3 data transfer without any optimisation” or “disconnect the PDU Session and deactivate NR for the UE” or “leave to Serving PLMN policy”.

The following modifications are to be made to the Registration, the PDU Session Establishment and the Service Request Procedures:

· Impacts on the Registration Procedure

· In case of Mobility Registration Update, a "List Of PDU Sessions To Be Activated" is added by the UE in the Registration Request. The AMF shall use the new IE to deal with PDU Sessions accordingly. 

· Impacts on the PDU Session Establishment Procedure

· If the PDU Session to be established is over NR, either the SMF or the AMF shall handle the PDU session according to the new IE.

· If the PDU Session Establishment Request includes the indication “Existing PDU Session” (e.g. in case of mobility from EPS to 5GS), the SMF shall handle the PDU session according to the new IE 

· Impacts on the Service Request Procedure

· In the case of a UE having previously established a PDU Session in a E-UTRAN that initiates a Service Request in NR), the SMF shall handle the PDU session according to the new IE 

Another modification needs to be added is the case of Idle Mode Mobility that leads to Mobility Registration Update when the UE was coming from EPS.

Proposal 4: SA2 shall agree on the above modifications on CN procedures to support Proposal 3.
2. Conclusion
This paper supports the following proposals: 
Proposal 1: When connected in RRC to a gNB, a UE which negotiated the use of the CP CIoT 5GS optimisation, may use the Control Plane CIoT 5GS Optimisation without EDT and shall not include RAI in its RRC Messages. No further restriction regarding CP CIoT 5GS optimisation is needed.
Proposal 2: The statement of non-support of the User Plane CIoT 5GS Optimisation over NR shall be kept in the specification.

Proposal 3: Adding a new IE stating if the UE prefers to use N3 data transfer when covered in NR or deactivate NR.
Proposal 4: SA2 shall agree on the above modifications on CN procedures to support Proposal 3.

Proposals 1 and 2 are implemented in CR S2-1907153. 
