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1 Introduction

During the January 2017 RAN2 NR Ad Hoc meeting, the following was agreed for state transitions [1]:
Agreements

1: NR RRC state machine has a direct transition between RRC_IDLE and RRC_CONNECTED states.

2: NR RRC state machine has a direction transition between RRC_INACTIVE and RRC_CONNECTED states.

3: RRC state transition from IDLE to CONNECTED follows the three-step handshake procedure (e.g. request, setup, complete).

4: The RRC state transition from CONNECTED to IDLE uses (at least) a release procedure.

5: RRC state transition from CONNECTED to INACTIVE uses (at least) an 'inactivation' procedure.

6: The RRC state transition from INACTIVE to CONNECTED using an RRC procedure 

FFS Whether the RRC state transition from INACTIVE to CONNECTED can follow three step, two-step and one-step procedure.

7: The RRC state transition from INACTIVE to IDLE is supported 

FFS For what cases this transition is supported (e.g. reject from network, other failure cases, other cases, etc).
Some details regarding the state transition from INACTIVE to IDLE without further agreements. This contribution further discusses details of this state transition. 

2 State Transitions from NR-INACTIVE to NR-IDLE
While a UE is in INACTIVE, it moves over a network configured RAN notification area by performing cell reselection and without informing the network.  Additionally, a UE in INACTIVE can UL/DL data transmissions.  In the case the UE has large data, it moves to CONNECTED and performs transmission/reception while in CONNECTED.  INACTIVE therefore has properties of both IDLE and CONNECTED.  
Observation 1:
NR INACTIVE has properties of both IDLE and CONNECTED.

The cases where the UE needs to move out of INACTIVE may fall under one of the following: 1)  A UE moves to an area where it cannot remain in INACTIVE; 2) A UE cannot communicate with the NW; 3) The NW requests the transition.  These are discussed further below. 
2.1 Coverage Scenarios

A UE performed cell reselection mobility while in INACTIVE.  While doing so, the UE’s serving cell quality may fall below an acceptable value and the UE may be unable to find another suitable cell to reselect to.  During this time, the UE is not reachable by the network and cannot transmit UL data.  To avoid maintaining the UEs context indefinitely in the network, if the condition persists for some time, the UE and the network should both delete their context and the UE should move to IDLE.  This can be ensured by having a timer which is reset at the UE each time a successful transmission or RAN area update is performed.   

Proposal 1: The NR UE transitions from INACTIVE to IDLE if it is unable to contact or be reached by the network for a predefined period of time.
Another situation which may occur is that the UE may move out of the coverage of the currently registered PLMN.  If the UE reselects to cell of a different PLMN, it needs to register to that new PLMN.  Since the new PLMN will not have the context of the UE, the UE would need to first move to IDLE and establish a connection with the cell from IDLE mode.  
Proposal 2: The NR UE transitions from INACTIVE to IDLE if it reselects to a cell of another PLMN.

2.2 Access and Data Transmission Scenarios
A UE in INACTIVE may transmit and receive data and the UE behaviour for failure cases when such data transmission fails needs to defined.  
As in LTE, if a bearer is configured with RLC AM in INACTIVE, the UE should try to re-establish a connection with the network upon failure in RLC.  In the case of INACTIVE, this would consist of attempting to resume or re-establish the connection with the current UE context. 
Proposal 3: The UE performs a resume procedure upon failure in RLC. 

Data transmissions can also fail as a result of a failed RACH procedure determined by the MAC layer.  Similarly, a RACH failure may occur during an attempt to resume the RRC connection while in INACTIVE.  In the case of a RACH failure, a UE may want to re-try the failed UL transmission or resume procedure on a different cell.  If that cell is part of the same RAN paging area, the UE can simply retry the failed operation on the new cell.  In the case the cell is in a different RAN paging area, the UE ID is no longer valid and the UE would need to first trigger a RAN paging area update prior to retrying the failed transmission.  As with the case of out-of-coverage, such failed transmissions could be re-tried in different cells for a period of time until the UE transitions to IDLE and the network assumes the UE context is no longer required.
Proposal 4: The UE performs cell reselection upon failed RACH procedure while in INACTIVE state.

Proposal 5: The UE moves from INACTIVE to IDLE after a period of time for which successful access (RACH) cannot be performed.  
2.3 Network Controlled Scenarios
In LTE, a UE can be moved from CONNECTED to IDLE as a result of a release procedure initiated by the network.  It is expected that in NR, there may be scenarios where the network wants to move the UE directly from INACTIVE to IDLE.  For instance, the network may not be able to locate the UEs context following a request to move to CONNECTED.  Also, the network may want to restrict a particular service from starting (ACB) and would similarly reject such a connection.  Since in both connection request and UL data transmission, the UE identifies itself in msg3, the network should be able to decide whether to move the UE to IDLE following reception of this message, and can send a rejection in msg4. 

Proposal 6: The NR UE moves from INACTIVE to IDLE when receiving a “reject” from the network.
Another possibility may be a network-initiated release.  Such scenario may occur in the case where the UE has not transmitted/received data while INACTIVE for a prolongued period of time.  In order to reach the UE, the RAN would need to page the UE on one of its RAN paging occasions.  For this scenario, there are two options which are possible:
1) Move the UE to CONNECTED and issue a release

2) Sent a paging message that explicitly moves the UE to INACTIVE

Although option 1) is more inline with the behaviour of a UE today upon reception of paging, option 2) is preferable since the signalling related to moving to CONNECTED to only issue a release is avoided.   To address the possiblilty that the UE may miss such a paging, the release procedure initiated from paging may include a confirmation message sent by the UE.

Proposal 7: A UE may transition from INACTIVE to IDLE upon reception of a RAN paging message with release indication.
3 Conclusion

In this contribution the following observations we made related to data transmission procedures in the inactive state:
Observation 1:
NR INACTIVE has properties of both IDLE and CONNECTED.

Based on this, the following proposals were made:
Proposal 8: The NR UE transitions from INACTIVE to IDLE if it is unable to contact or be reached by the network for a predefined period of time.

Proposal 9: The NR UE transitions from INACTIVE to IDLE if it reselects to a cell of another PLMN.

Proposal 10: The UE performs a resume procedure upon failure in RLC. 

Proposal 11: The UE performs cell reselection upon failed RACH procedure while in INACTIVE state.

Proposal 12: The UE moves from INACTIVE to IDLE after a period of time for which successful access (RACH) cannot be performed.  

Proposal 13: The NR UE moves from INACTIVE to IDLE when receiving a “reject” from the network.

Proposal 14: A UE may transition from INACTIVE to IDLE upon reception of a RAN paging message with release indication.
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