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1 Introduction

In the NR study item phase [2], characteristics of the INACTIVE state were agreed and a basic state transition diagram was adopted showing the allowable transition between RRC_INACTIVE, RRC_IDLE, and RRC_CONNECTED. 

A number of aspects related to the INACTIVE state, state transitions, and how the state is modelled were however left open [2]:
NOTE 1:
How to model RRC_INACTIVE in the specification will be decided in the work item phase.
NOTE 2:
It is FFS how the UE transits from RRC_INACTIVE to RRC_IDLE in NR.
NOTE 3:
It is FFS how the UE transits from RRC_CONNECTED to RRC_INACTIVE
NOTE 4:
Number of steps for each RRC procedure and the corresponding RRC message will be decided in the work item phase.
In this contribution, we discuss in more detail the modelling of the inactive state, and the details related to state transitions from INACTIVE to the other states.
2 State Transitions from RRC_INACTIVE
As discussed in our companion contribution [5], a UE in RRC_INACTIVE may move to RRC_CONNECTED upon receiving paging from the network, or upon a mobile originated (MO) access.  Such transition requires an RRC procedure initiated by the UE.
In LTE, the RRC resume procedure is used to resume a suspended RRC connection.  There are many similarities between the RRC resume request procedure and the desired functionality for the state transition from RRC_INACTIVE to RRC_CONNECTED, since in both cases, it is assumed that the UE is resuming an RRC connection with a stored context that is still valid in the UE and the network.  
In LTE, the UE provides the resume ID which it received from the network when it was last suspended, as well as a short MAC-I for security and a resume cause.   The network can then configure the UE to move to RRC connected using RRCConnectionResume message.
Proposal 1:
A UE in RRC_INACTIVE requests to transition to RRC_CONNECTED using an RRCConnectionResumeRequest message when receiving paging or upon MO access.

Similar to the resume request in LTE, the RRCConnectionResumeRequest should contain an authentication token, to facilitate UE authentication to the gNB, a resume ID to allow the gNB to identify and retrieve the UE’s context, and a resume cause.  The resume cause may identify the reason for the resume, as provided by upper layers or by the AS (e.g. MO data, RAN paging area update, etc.).

Proposal 2:
The UE provides at least an authentication token, resume ID, and resume cause in the RRCConnectionResumeRequest.

In LTE, the network responds with RRCConnectionResume.  Another alternative would be to have the UE receive an RRCConnectionReconfiguration message and model the state transition similar to a re-establishment followed by reconfiguration.  While functionally equivalent, the two options have only a difference in the modelling.    

Proposal 3:
The UE can be configured to transition to RRC_CONNECTED from RRC_INACTIVE using an RRCResume message.

After receiving RRCConnectionResume, the UE confirms with a complete message and provides additional information in the third step (RRCConnectionResumeComplete) which could include, an optional NAS message and a number of indications to the network about whether the UE has additional information (e.g. Connection establishment failure information) to provide to the network in dedicated signalling once the connection is re-established.     
In the SI phase it was proposed and confirmed by SA3 [4] that the complete message can skipped.  However, this was in the context of data transmission while remaining in RRC_INACTIVE.  If the UE transition to RRC_CONNECTED a complete message is necessary, especially since the UE may receive new L1/L2 parameters and needs to confirm successful reconfiguration and synchronize to the network.  The UE may also want to provide indication to the network that it has information available for the network (as in the case of LTE).    
Proposal 3:
The UE sends a confirm message following successful reception of an RRCConectionResume.

A request to move from RRC_INACTIVE to RRC_CONNECTED using the stored context may fail or be rejected for several reasons, for example due to congestion/admission control or inability to locate/verify UEs context.  As a result, the network may:

1.    Reject the connection and instruct the UE to move to RRC_IDLE: the UE should discard AS context and all stored information and notify higher layers.   

2.   Remain in RRC_INACTIVE: in this case the UE can retry to move to RRC_CONNECTED according to barring/backoff mechanisms

3.    Move to RRC_CONNECTED with a completely new configuration – e.g. RRCConnectionSetup.  
Signaling in LTE currently supports these cases by having the network respond to a resume using either an RRCConnectionReject (with or without suspend indication) or an RRCConnectionSetup.  Similarly, for NR, the network should be able to release or reject the connection. These same procedures can be used to support the different scenarios for transition to RRC_CONNECTED in NR.     

The messages used to perform this transitions can be determined after but it would be desirable to limit introduction of new messages specific for these purposes.  

Proposal 4:
In response to a RRCConnectionResumeRequest the network should be able to reject the connection (the UE stays in INACTIVE), release the RRC connection (i.e. Move  the UE to IDLE) or move the UE to RRC CONNECTED using a full new configuration.  
The transition from RRC_CONNECTED to RRC_INACTIVE should occur at least based on initiation by the network.  Such transition will require providing the UE with an ID which is unique in the RAN paging area, as well as the RAN paging area itself.  Similar to LTE, this information can be provided using a single-step release procedure.  In addition, the same message can be used for both transition to RRC_INACTIVE or to RRC_IDLE.
Proposal 5:
One RRC message that can either indicate to the UE to move to RRC_INACTIVE or move to RRC_IDLE (e.g. RRC connection release) should be introduced.  
Proposal 6:
UE response to a release message is not required.  

3 Conclusion

In this contribution the following proposals were made on RRC Procedures for State Transition from RRC_INACTIVE:
Proposal 1:
A UE in RRC_INACTIVE requests to transition to RRC_CONNECTED using an RRCConnectionResumeRequest message when receiving paging or upon MO access.

Proposal 2:
The UE provides at least an authentication token, resume ID, and resume cause in the RRCConnectionResumeRequest.

Proposal 3:
The UE sends a confirm message following successful reception of an RRCConectionResume.

Proposal 4:
In response to a RRCConnectionResumeRequest the network should be able to reject the connection (the UE stays in INACTIVE), release the connection force the UE to IDLE or move the UE to RRC CONNECTED using a full new configuration.  

Proposal 5:
One RRC message that can either indicate to the UE to move to RRC_INACTIVE or move to RRC_IDLE (e.g. RRC connection release) should be introduced.  

Proposal 6:
UE response to a release message is not required.  
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