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1.
Introduction
In this contribution, we would like to discuss possible failures / abnormal cases in RRC_INACTIVE.
2.
Discussion
Since RRC_INACTIVE state is fundamental state in NR, we need to have further discussion on possible failure/abnormal cases in RRC_INACTIVE and to define an explicit procedure or process which can handle failure/abnormal cases. We can consider the following cases:
1) Upon receiving reject message on connection activation request from the network

A procedure for state transition from RRC_INACTIVE to RRC_CONNECTED is still under discussion, but regardless of procedure, UE can receive a rejection in response to a connection activation request (e.g. RRC connection resume request or new connection activation request message). If the network sends a reject message, the reason might be:

· Fails to retrieve the UE context from the anchor gNB

· No longer UE context in the network e.g. release UE context due to 5G-CN load balancing
· Congestion control in overload situation by the gNB
· Mis-synchronization of the UE and the RAN/CN states
Observation 1. The UE can receive a reject message in response to a connection activation request (e.g. RRC connection resume request or new connection activation request message). The reason of rejection might be failure of the UE context fetch, absence of UE context in network, congestion control in overload situation or mis-synchronization.

We think that it is more natural and reasonable for the UE to move to RRC_IDLE when the UE receives reject message on connection activation request. The network could not resume legacy RRC connection in an absence of a valid UE context or in congestion situation. Therefore, when the UE receives a rejection due to an abnormal situations, state transition to RRC_IDLE should be a baseline. Then like a legacy behavior in LTE, the AS layer will inform the upper layer about the failure to resumption of RRC connection and if necessary, the UE will try to make a new RRC connection.
Proposal 1. When a UE receives the reject message in response to connection activation request, it should be the baseline for the UE to move to RRC IDLE and the AS layer will inform the upper layer about the failure. 
In a bit more details, if a reject message is caused by the first or second reason listed above, it is obviously reasonable to move to RRC_IDLE firstly, because the network does not have any valid UE context. However, when the RRC connection activation procedure is initiated due to receiving paging or detecting uplink data/signaling, a fall-back procedure like in the resume procedure in LTE is useful for the UE to establish a RRC connection faster than to trigger an initial RRC connection procedure. Therefore, the network needs to support the fall-back procedure for cases such as MO or MT cases in order to establish a RRC connection faster. 
However, we need to discuss further whether a fall-back procedure would be useful in a RAN notification area update. If a fall-back procedure will be supported during a RAN notification area update procedure, the UE should transit to RRC_CONNECTED even though there is no user data to transmit, and in order to re-enter to RRC_INACTIVE there should be additional signalling. Compared to data transmission, location area update is not urgent, and in order to remove old S1 connection it is better to trigger a TAU from the UE.
Proposal 2. The network needs to support the fall-back procedure for cases such as receiving paging or detecting uplink data/signaling in order to establish a RRC connection faster. 

Proposal 3. The fall-back procedure should not be considered for the RAN notification area update.
If the gNB feels overload, then the gNB can transmit reject for a congestion control even the RAN has a valid UE context. In most cases, traffic overload happens during a short period of time, thus it will be useful to let the UE stay in RRC_INACTIVE and after a while allow to access the RAN again like the wait time in LTE.

Proposal 4. For a congestion control, the wait time could be added in reject message, and the UE would reattempt the connection activation request after expiry of the wait time.
When the UE context is released due to 5G-CN load balancing, it may be efficient to inform the UE that the UE context has been release. If the UE knows a release of the UE context in the network, the UE can release the stored UE context and move to a battery efficient state immediately such as RRC_IDLE. However, if the UE does not know about deletion of the UE context, the UE will stay RRC_INACTIVE with storing UE context and state mis-match will be unavoidable. Therefore, to support state transition from RRC_INACTIVE to RRC_IDLE is reasonable, but how to transit the UE to RRC_IDLE will need further discussion. 
Proposal 5. If the UE context is no longer valid in the network, it is beneficial to let the UE move to RRC IDLE immediately for efficient resource management.
Even though it is not a normal case, there could be cases of mis-synchronization between the UE and the RAN states, e.g., when a UE switched off without detach procedure or a UE moves out of RAN notification area after entering out of service. In this abnormal situation, the gNB in RRC_IDLE state can receive connection activation request from UEs in RRC_INACTIVE, and the gNB in RRC_INACTIVE can receive the initial RRC connection request from the UEs in RRC_IDLE. From the gNB perspective, these are unexpected behaviour, thus the gNB would send reject message or initiate fall-back procedure (if agreed) to the UE. 

This problem is already discussed in light connection in LTE, and most of companies were agreed that we need to introduce “periodic RAN notification area update” with a predefined period timer in order to notify the availability of the UE to the network. Therefore, we also think that it is beneficial to introduce the same concept in NR INACTIVE.
Proposal 6. The periodic RAN notification area update procedure is needed to notify the availability of the UE to the network.

2) Failure of connection activation procedure 

This can occur in situations where the UE is in bad signal condition or out of coverage. If this issue is temporary, there is no problem maintaining the RRC_INACTIVE. However, if this abnormal condition becomes longer, in terms of efficient management of resources, it is more desirable to remove the UE context from both side. It might be straightforward to enter RRC_IDLE upon detecting the OoC from the lower layer, but there is still an issue on a proper timing for the UE and the network to go to RRC_IDLE. Thus, state transition by explicit procedure or process is more stable than autonomous transition, and the “periodic” location update procedure can be considered for this purpose. If the pre-defined timer expires without location update procedure, the network will assume that the UE is in RRC_IDLE and the UE will transit to RRC_IDLE. 

Proposal 7. If the “periodic” location update is fails, both the network and the UE will be transit to RRC IDLE from NR INACTIVE. 
3) Failure of small UL data transmission in NR INACTIVE

Although this agenda is deprioritized at the plenary, generally RAN2 assumes that data transmission will be possible in RRC_INACTIVE. Regardless of solution A or B, since the UE should transmit a necessary data for performing a full state transition to RRC CONNECTED, the reject case mentioned above 1) may occur. The method for rejection can be a new mechanism if solution A is used, and the legacy reject message can be used with solution B. However regardless of way of rejection, since small user data is commonly sent together in the first step, we need to discuss how to handle the user data upon receiving reject message. Even if there is no problem on transmitting the user data and RRC signalling/MAC CE, a reject case could be occur due to causes listed above 1). In this situation, since the transmission has no problem, the user data could be released. Then Retransmission may not be possible. Therefore, it is necessary to discuss how to handle user data upon receiving reject message from the network. 
Proposal 8. RAN2 needs to discuss how to handle user data upon receiving reject message from the network during small UL data transmission in RRC_INACTIVE.
3.
Conclusion
In this contribution, we discussed on possible failure/abnormal cases in RRC_INACTIVE.
Observation 1. The UE can receive a reject in response to a connection activation request (e.g. RRC connection resume request or new connection activation request message). The reason of rejection might be failure of the UE context fetch, absence of UE context in network, congestion control in overload situation or mis-synchronization.

Proposal 1. When a UE receives the reject message in response to connection activation request, it should be the baseline for the UE to move to RRC IDLE and the AS layer will inform the upper layer about the failure. 

Proposal 2. The network needs to support the fall-back procedure for cases such as receiving paging or detecting uplink data/signaling in order to establish a RRC connection faster. 

Proposal 3. The fall-back procedure should not be considered for the RAN notification area update.

Proposal 4. For a congestion control, the wait time could be added in reject message, and the UE would reattempt the connection activation request after expiry of the wait time.
Proposal 5. If the UE context is no longer valid in the network, it is beneficial to let the UE move to RRC IDLE immediately for efficient resource management.

Proposal 6. The periodic RAN notification area update procedure is needed to notify the availability of the UE to the network.

Proposal 7. If the “periodic” location update is fails, both the network and the UE will be transit to RRC IDLE from NR INACTIVE. 

Proposal 8. RAN2 needs to discuss how to handle user data upon receiving reject message from the network during small UL data transmission in RRC_INACTIVE.
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