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1. Introduction
There is no conclusion on whether to support the UP CIoT optimization and/or RRC_INACTIVE for CIoT with 5GC. Recently, the RAN sent a LS to the RAN2, RAN3, and SA2 about the UP solution in 5G CIoT (i.e., UP CIoT optimization and RRC_INACTIVE, connected 5GC) [1]. In this contribution, we examine this issue and then provide our view on it.
2. Discussion
In last RAN #83 plenary meeting, the RAN agreed a LS to the RAN2, RAN3, and SA2 about the UP solution in 5G CIoT (i.e., UP CIoT optimization and RRC_INACTIVE, connected 5GC) as follows [1]:
	LS from RAN [1]:

…
RAN thanks RAN2 for the reply to the SA2 LS on completion of 5G CIoT study.

RAN would like to provide the following guidance:

· RAN expects RAN2 and RAN3 with co-operation with SA2 will continue to discuss the issue in the coming meetings.

· RAN also expects RAN2 and RAN3 evaluate the RAN impact of UP CIoT optimization and RRC_INACTIVE connected 5GC, considering the following aspects.

· UE battery life time and complexity

· Network and system impacts

· RAN understands both solutions (UP CIoT optimization and RRC_INACTIVE, connected 5GC) are on the table for further discussion in RAN2, RAN3 and SA2.

RAN thanks RAN3 for the reply to the SA2 LS on signalling optimization for RRC Inactive N3 path switch.
RAN would like to provide the following guidance:

· RAN expects that RAN3 will co-operate with SA2 on the issue.
…


As highlighted one above, the RAN expects RAN2 and RAN3 continue to evaluate the RAN impact of UP CIoT optimization and RRC_INACTIVE connected 5GC. For the UE battery life time and complexity, the RAN2 will study this issue in next meeting. At least, the RAN2 concluded that both solutions seems to be feasible as follows [2]:
	LS from RAN2 [2]:

…
RAN2 would like to inform SA2 that the Release 16 work-items for both eMTC (LTE_eMTC5-Core) and NB-IoT (NB_IoTenh3-Core) have been updated to include objectives to do normative work for 5G CIoT.

RAN2 discussed the following question: “SA2 kindly requests RAN2 to inform SA2 whether they intend to support UP optimization and RRC_INACTIVE for NB-IoT and eMTC connected to 5GC”, and would like to provide the following response:

1. From RAN2 perspective both UP CIoT optimization and RRC-INACTIVE are feasible.

2. RAN2 discussed but there was no consensus on whether to support UP CIoT optimization and/or RRC_INACTIVE for CIoT with 5GC.

…


However, the evaluation for the network and system impact is still missing. Therefore, it is needed for the RAN3 to study the UP CIoT optimization and RRC_INACTIVE connected 5GC in terms of the network and system impact.
Observation 1: From the network and system impact point of view, the RAN3 should evaluate the UP CIoT optimization and RRC_INACTIVE connected 5GC.
Basically, the concept of the UP CIoT optimization in 5G CIoT is to reuse the Suspend-Resume procedure over the NG interface. That is, the EPC and 5GC have a common UP solution for the CIoT UE. When the NG connection is suspended, the UE enters into the CM_IDLE and RRC_IDLE state, and the mobile-terminated (MT) data is buffered at the UPF. Therefore, the extended buffering at the UPF may be easily applied to the UP CIoT optimization in 5G CIoT. In addition, the other enhancements in the LTE CIoT (e.g., early data transmission) may also be able to applied to the 5G CIoT. 

Observation 2: By using the UP CIoT optimization, the EPC and 5GC can have a common UP solution for the CIoT UE.
To support the UP CIoT optimization in 5G CIoT, two class 1 NGAP signalling should be defined newly, i.e., NGAP Suspend procedure and Resume procedure. According to the evolution from the EPC to 5GC, the IEs in this new signalling should be modified compared to the existing signalling in LTE.
Observation 3: A new NGAP signaling should be defined to support the UP CIoT optimization in 5G CIoT.
However, if the RRC_INACTIVE is used to support the UP solution in 5G CIoT, there is no need to define a new NGAP signalling. This is because the functionality for the RRC_INACTIVE is already defined in the specification. Therefore, if it is decided to use the RRC_INACTIVE state in 5G CIoT, the legacy signalling for the RRC_INACTIVE state can be easily reused. 

Observation 4: The RRC_INACTIVE connected 5GC can easily reuse the existing NGAP signaling.
If required, the signalling can be optimized based on the existing signalling. For example, as mentioned in [3], the small data transfer without context relocation can be introduced by using the concept of periodic RNAU without context relocation. 
Specifically, since the RRC_INACTIVE is the main feature in the 5GS, it continues to be enhanced in the future release. Therefore, the UP solution considering the RRC_INACTIVE can be enhanced correspondingly.
Observation 5: The overall signalling with the RRC_INACTIVE state can be optimized and enhanced for the 5G CIoT in future release.
In the UP CIoT optimization, whenever the UE enters or leaves the RRC_IDLE, two NGAP messages should be exchanged between the NG-RAN and AMF. However, during the RRC_INACTIVE, the NG connection is still maintained. Therefore, there is no need to trigger the NGAP procedure. For the periodic RNA update, the NG-RAN can also avoid the Path Switch procedure towards the AMF, thus reducing the unnecessary NGAP signallings.

From the number of signalling point of view, therefore, the RRC_INACTIVE state reduces the number of the NGAP messages compared to the UP CIoT optimization.
Observation 6: The RRC_INACTIVE has much less NGAP signaling than the UP CIoT optimization.
In addition, the AMF provides to the NG-RAN node the Core Network Assistance Information to assist the NG-RAN node's decision whether the UE can be sent to RRC_INACTIVE. Therefore, if this information is not provided to the NG-RAN, the AMF can limit the usage of the RRC_INACTIVE state for a specific 5G CIoT UE.
Only a concern is that the RRC_INACTIVE state is developed without regard to the 5G CIoT UE. For 5G CIoT, therefore, some features such as the extended DRX, early data transmission, and extended buffering, which are already applicable to the LTE, should be supported in the RRC_INACTIVE. To this end, all related RAN WGs started to work in this WI. For example, the RAN2, CT1, and SA2 have a discussion to support the eDRX in the RRC_INACTIVE. For the EDT in RRC_INACTIVE, the concept of the MO EDT and MT EDT in LTE can be applicable.
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 1: The RRC_INACTIVE state should be used to support the UP solution in 5G CIoT.
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 proposal is kindly suggested to RAN3:

Proposal 1: The RRC_INACTIVE state should be used to support the UP solution in 5G CIoT.
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