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1. Introduction
In last SA2 #132 meeting, the SA2 concluded to only introduce UP CIoT optimization with long eDRX in Rel-16. However, there are still unclear points when the UP solution is introduced for eMTC and/or NB-IoT connected to 5GC. In this contribution, we examine these issues and then provide our view on it.
2. Discussion
2.1 Support of UP CIoT optimization in 5GS
In last SA2 #132 meeting, the SA2 had the show of hands on RRC_INACTIVE and UP Optimisations [1], and then concluded to only introduce UP CIoT optimization with long eDRX in Rel-16 [2]. 
Observation 1: SA2 concluded to only introduce UP CIoT optimization with long eDRX in Rel-16.
Hence, SA2 captured the introduction of the user plane CIoT 5GS optimization in TS 23.501 as follows [3]:
	Agreed CR to introduce 5GS UP optimization [3]:
…
5.31.X
User Plane CIoT 5GS Optimization
User Plane CIoT 5GS Optimization enables transfer of user plane data from CM-IDLE without the need for using the Service Request procedure to establish Access Stratum (AS) context in NG-RAN and UE.

If the following preconditions are met:

-
UE and AMF support User Plane CIoT 5GS Optimization (see clause 5.31.2),

-
the UE has established PDU sessions with active UP connection, i.e. AS context is established in NG-RAN and the UE,

then the RRC connection can be suspended by means of the UP Optimization Connection Suspend Procedure (see TS 23.502 [3]).

Based on a trigger from the NAS layer when a UE is in CM-IDLE, the UE shall attempt the UP Optimization Connection Resume procedure (see TS 23.502 [3]). If the UP Optimization Connection Resume procedure fails, the UE initiates the pending NAS procedure. To maintain support for User Plane CIoT 5GS Optimization for UE mobility across different NG-RAN nodes, the AS Context should be transferred between the NG-RAN nodes.
Editor's note:
Details of AS context transfer will be specified by RAN3.
By using the UP Optimization Connection Suspend Procedure:

-
the UE at transition into CM-IDLE stores the AS information;

-
NG-RAN stores the AS information, the NGAP UE association and the PDU session context for that UE;

-
AMF stores the NGAP UE association and other information necessary to later resume the UE, interacts with the SMF to deactivate the user plane resources for the UE's PDU Sessions and enters CM-IDLE.
Editor's note:
How to delete the stored NGAP association and UE context and in which scenarios is FFS.
By using the UP Optimization procedure:

-
the UE resumes the connection with the network using the AS information stored during the UP Optimization Connection Suspend procedure;

-
the NG-RAN node notifies the AMF that the connection with the UE has been resumed and the AMF enters CM-CONNECTED and interacts with the SMF to activate the user plane resources for the UE's PDU Sessions.
Editor's note:
Details of early data support for UP optimization are FFS.
…


Basically, the user plane CIoT 5GS optimization seems to be similar to the user plane CIoT EPS optimization. As highlighted one above, by using the UP Optimization Connection Suspend Procedure, the RRC connection is suspended, and the AS information is stored in the UE and NG-RAN, respectively. When the UE needs to resume the RRC connection, it initiates the UP Optimization Connection Resume Procedure, and the AS information is restored in the UE and NG-RAN, respectively. Therefore, the functionality to support the user plane CIoT EPS optimization can be used as a baseline. 

Observation 2: The functionality related to the user plane CIoT EPS optimization can be used as a baseline.
However, the details for the user plane CIoT 5GS optimization may be different to the user plane CIoT EPS optimization. According to the conclusion of SA2 study, the user plane CIoT 5GS optimization is based on solution 19 in TR 23.724 [4]. In this solution, the main difference is that since the NG-RAN keeps NG UL TEID in the AS context, the NG-RAN can send to the UPF the UL data right after successful RRC Connection Resume procedure.
	Clause 6.19 in TR 23.724 [4]:

…
6.19.1
Introduction

This solution addresses the Key Issue 1: Support for infrequent small data transmission. This solution has commonality with RRC procedure for RRC-Inactive, which can resolve Key issue 2: Frequent small data communication.

This solution is to optimize small data transmission for theUEs from CM-IDLE mode. It enables transfer of user plane data without need for the Service Request procedure. It is proposed to keep AS context in the NG-RAN including information the UPF connection and relevant QoS flow(s) to be used for the connection, even when UE moves into CM-IDLE. When UE resumes the connection, the NG-RAN uses the information to activate DRB, AS security and User Plane connectivity over N3 for the small data packet delivery to the UPF. The UPF also keeps N3 tunnel information for the PDU session to allow UL data transmission.
…
-
As NG-RAN keeps N3 Uplink Tunnel Endpoint ID in the AS context, user plane for uplink transmission is maintained. Also UPF keeps N3 Uplink Tunnel Endpoint ID to allow UL data.
…
6.19.4.2
UL data transmission from CM-IDLE
The following figure shows an example of how MO small data packet is delivered from the UE.
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Figure 6.19.4.2-1: MO data Transmission using 5GS UP Optimization
1a/1b.
The UE triggers RRC Connection Resume procedure including Resume ID which identifies the AS context stored in the NG-RAN. Using the valid AS Context for the UE, the NG-RAN performs AS security check, DRB is established, and NG-RAN enables N3 UL TEID for data delivery.


If the Resume ID indicates another NG-RAN within Xn connectivity, i.e. old NG-RAN, the NG-RAN performs direct context fetch via Xn.

NOTE 1:
For the case that the old NG-RAN is not within Xn connectivity, RAN WG3 need to study whether indirect context fetch via AMF or another network function is to be defined.

If NG-RAN fails to get valid AS context, it rejects RRC Connection Resume with an appropriate cause, so that the UE performs the related NAS procedure.

UE can send UL data right after successful RRC Connection Resume procedure. The NG-RAN forwards the UL data received from the UE to the UPF by using N3 UL TEID in the AS context.
…


Observation 3: In solution 19 of TR 23.724, the NG-RAN keeps NG UL TEID in the AS context to forward the UL data to the UPF immediately.
In normative phase, the SA2 may decide whether to support this functionality for the user plane CIoT 5GS optimization. Further details will be discussed in this SA2 meeting. Therefore, the RAN3 needs to wait for the SA2 progress.
Proposal 1: The functionality related to the user plane CIoT EPS optimization is used as a baseline
Proposal 2: RAN3 to wait for the SA2 progress for the user plane CIoT 5GS optimization.
2.2 RRC_INACTIVE with short eDRX in 5G CIoT
In last SA2 #132 meeting, the SA2 sent a LS for the conclusion of UP solution in 5G CIoT to RAN, RAN2, and RAN3 as follows [5]:

	LS from SA2 [5]:

…
SA2 has re-discussed whether to introduce system support for User Plane CIoT 5GS Optimization with long eDRX (i.e. solution 19 in TR 23.724) in Rel-16 for eMTC/NB-IoT or system support for RRC Inactive with long eDRX (based on e.g. solution 7 and solution 24 in TR 23.724) in Rel-16 for eMTC and NB-IoT.

SA2 concluded to only introduce system support for User Plane CIoT 5GS Optimization with long eDRX (i.e. solution 19 in TR 23.724) in Rel-16 for eMTC/NB-IoT.

SA2 would like to ask RAN2 if RAN2 intends to support RRC Inactive with short eDRX (sleep cycles up to the NAS transmission timer) for eMTC and/or NB-IoT connected to 5GC in Rel-16?
…


In this LS, the SA2 also asked RAN2 whether to support the RRC_INACTIVE with short eDRX for eMTC and/or NB-IoT connected to 5GC. As already mentioned in Section 2.1, the UP CIoT optimization with long eDRX will be introduced, whereas the RRC_INACTIVE state with long eDRX is not supported for CIoT in Rel-16. 
Observation 4: The RRC_INACTIVE state with long eDRX is not supported for CIoT in Rel-16.
Basically, the RRC_INACTIVE state without long eDRX may be not applicable to the CIoT UE which requires long sleep cycle. However, it seems that if agreeable, the RRC_INACTIVE with short eDRX can be used for eMTC and/or NB-IoT connected to 5GC. For example, if the Interval Time of periodic communication is short, it is beneficial to maintain the NG connection instead of suspending it. This can avoid the unnecessary NGAP signallings.

Observation 5: The RRC_INACTIVE with short eDRX can be used for eMTC and/or NB-IoT connected to 5GC.
As shown in TS 23.501, the NG-RAN is able to acquire the CN assistance information used to minimize the UE state transitions as follows [6]:

	Clause 5.4.6.2 in TS 23.501 [6]:

…
5.4.6.2
Core Network assisted RAN parameters tuning

Core Network assisted RAN parameters tuning aids the RAN to minimize the UE state transitions and achieve optimum network behaviour. How the RAN uses the CN assistance information is not defined in this specification.

Core Network assisted RAN parameters tuning may be derived by the AMF per UE in the AMF based on collection of UE behaviour statistics and/or other available information about the expected UE behaviour (such as subscribed DNN, SUPI ranges, or other information). If the AMF maintains Expected UE Behaviour parameters, Network Configuration parameters (as described in clause 4.15.6.3 or 4.15.6.3a, TS 23.502 [3]) or SMF derived CN assisted RAN parameters tuning, the AMF may use this information for selecting the CN assisted RAN parameter values. If the AMF is able to derive the Mobility Pattern of the UE (as described in clause 5.3.4.2), the AMF may take the Mobility Pattern information into account when selecting the CN assisted RAN parameter values.

The SMF uses the SMF-Associated parameters (e.g. Expected UE Behaviour parameters or Network Configuration parameters of the UE) to derive the SMF derived CN assisted RAN parameters tuning. The SMF sends the SMF derived CN assisted RAN parameters tuning to the AMF during the PDU Session establishment procedure and if the SMF-Associated parameters change the PDU Session modification procedure is applied. The AMF stores the SMF derived CN assisted RAN parameters tuning in the PDU Session level context.

Editor's note:
It is FFS how does the AMF know that the PDU Session is activated.

The Expected UE Behaviour parameters or the Network Configuration parameters can be provisioned by external party via the NEF to the AMF or SMF, as described in clause 5.20.

The CN assisted RAN parameters tuning provides the RAN with a way to understand the UE behaviour for these aspects:

-
"Expected UE activity behavior", i.e. the expected pattern of the UE's changes between CM-CONNECTED and CM-IDLE states or the duration of CM-CONNECTED state. This may be derived e.g. from the statistical information, or Expected UE Behaviour or from subscription information;
-
"Expected HO behavior", i.e. the expected interval between inter-RAN handovers. This may be derived by the AMF e.g. from the Mobility Pattern information;
-
"Expected UE mobility", i.e. whether the UE is expected to be stationary or mobile. This may be derived e.g. from the statistical information or Expected UE Behaviour parameters or from subscription information. The AMF derives the "Expected UE activity behavior" for the UE considering:

-
the Expected UE Behaviour parameters or Network Configuration parameters received from the UDM (see clauses 4.15.6.3 or 4.15.6.3a of TS 23.502 [3]); and

-
the SMF derived CN assisted RAN parameters tuning associated with a PDU Session when the PDU Session is activated;

-
"Expected UE moving trajectory" which may be derived e.g. from the statistical information or Expected UE Behaviour parameters or from subscription information; or

-
"UE Differentiation Information" including the Expected UE Behaviour parameters excluding the Expected UE moving trajectory (see clause 4.15.6.3 of TS 23.502 [3]) to support Uu operation optimisation for NB-IoT UE differentiation if the RAT type is NB-IoT.

The AMF decides when to send this information to the RAN as "Expected UE activity behaviour" carried in N2 request over the N2 interface (see TS 38.413 [34]).

NOTE:
The calculation of the CN assistance information, i.e. the algorithms used and related criteria, and the decision when it is considered suitable and stable to send to the RAN are vendor specific.
…


Based on this information, the NG-RAN can decide which UP solution (i.e., UP CIoT 5GS optimization with long eDRX or RRC_INACTIVE with short eDRX) is used case by case. Without too much effort, the RRC_INACTIVE state can be enhanced to support the short eDRX.
Observation 6: The RRC_INACTIVE with short eDRX does not need a significant change in specification.
Observation 7: At least the RRC_INACTIVE state needs to support the CIoT enhancement considered in LTE.
With the observations above, the following proposal is suggested to RAN3.
Proposal 3: RAN3 to agree to support the RRC_INACTIVE state with short eDRX for eMTC and/or NB-IoT connected to 5GC.
3. Conclusion
In this contribution, we focused on whether to support UP CIoT optimization and/or RRC_INACTIVE for CIoT with 5GC and provided our view on it. The following proposals are kindly suggested to RAN3:

Proposal 1: The functionality related to the user plane CIoT EPS optimization is used as a baseline
Proposal 2: RAN3 to wait for the SA2 progress for the user plane CIoT 5GS optimization.

Proposal 3: RAN3 to agree to support the RRC_INACTIVE state with short eDRX for eMTC and/or NB-IoT connected to 5GC.
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