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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.  The detailed procedures for these transitions are treated in our companion contribution [5].
2 NR Inactive State
2.1 Modelling of INACTIVE State
In the NR SI TR, the inactive state is characterized by the following [2]:  

-
Cell re-selection mobility;

-
CN – NR RAN connection (both C/U-planes) has been established for UE;

-
The UE AS context is stored in at least one gNB and the UE;

-
Paging is initiated by NR RAN;

-
RAN-based notification area is managed by NR RAN;

-
NR RAN knows the RAN-based notification area which the UE belongs to;
The discussion of the modelling of the state (i.e. a separate state or substate of other states) was postponed to the work item phase.  It was however agreed very early during the study item phase that we should avoid RRC states which have significant overlapping characteristics.

From the perspective of mobility, UE power consumption, and UE reachability, the INACTIVE state resembles more RRC_IDLE.  However, from the perspective of UE context maintenance, and CN connectivity, it resembles more RRC_CONNECTED.  Potential data transmissions directly in this state, if later agreed, may also result in some resemblance to RRC_CONNECTED but with some significant deviations from RRC_CONNECTED data transmission.  It is therefore difficult to model the inactive state as either RRC_CONNECTED or RRC_IDLE as it has certain properties in common with both RRC states.   
Observation 1:
The properties of the INACTIVE state do not have significant overlap with either RRC_CONNECTED or RRC_IDLE.  
The INACTIVE state in NR has many characteristics which are similar to Light Connected in LTE.  Light connected in LTE was modelled as a substate of RRC_CONNECTED, and the terminology of RRC_CONNECTED with light connection indication was employed in the specifications.  One advantage of this modelling was a reduced impact to existing LTE as a new RRC state did not have to be introduced.  

For NR, however, modelling and design should be chosen wisely from the beginning as we are starting specification work for a new radio access.    Modeling RRC_INACTIVE as a new RRC state would result in a more self-contained UE behaviour as well as simpler and more extendible specifications for NR.
Proposal 1:
The RRC_INACTIVE state is modelled as a new RRC state. 
2.2 State Transitions and Triggers
In the NR SI, only the following state transitions between RRC_INACTIVE and other states were agreed: 1) RRC_INACTIVE->RRC_CONNECTED, RRC_CONNECTED->RRC_INACTIVE, RRC_INACTIVE->RRC_IDLE.  
2.2.1 INACTIVE<->CONNECTED
In the NR study item, it was agreed that at least a procedure for transition from RRC_INACTIVE to RRC_CONNECTED would be supported.  Discussion on having UL data transmission while remaining in RRC_INACTIVE are still ongoing.  In addition, a UE for which DL data arrives in the network will require a transition to RRC_CONNECTED. A UE in RRC_INACTIVE may therefore move to RRC_CONNECTED as a result of a mobile originated access (e.g. UL data in its buffers), or as a result of receiving paging from the network.  In either case, the UE needs to trigger an RRC procedure for the transition.  As discussed in our companion contribution [5], the network may reject such connection and request the UE to remain in RRC_INACTIVE or move to RRC_IDLE.
Proposal 2:
The UE triggers a request to transition from RRC_INACTIVE to RRC_CONNECTED upon MO access or reception of RAN paging. 
Once in RRC_CONNECTED, the network may decide to move a UE with little data transmission activity to RRC_INACTIVE in order for the UE to take advantage of a low-power state.  This may be a network decision and may depend on the type of services currently operating at the UE, and possibly UE capabilities.  The transition from RRC_CONNECTED to RRC_INACTIVE should therefore occur at least based on initiation by the network.  
Proposal 3:
While in RRC_CONNECTED, the UE may transition to RRC_INACTIVE via an explicit network indication. 
The RRC_INACTIVE state is expected to be used quite heavily in NR due to the user plane latency requirements and new use cases such as mMTC which require a significantly smaller battery consumption and signalling overhead. It may therefore be quite common that the UE moves frequently between RRC_CONNECTED and RRC_INACTIVE.  In order to reduce the signalling associated with frequent suspend procedures, a timer-based approach for transition from RRC_CONNECTED to RRC_INACTIVE can be beneficial.  Such timer could be optionally configured by the network as part of the RRC configuration, and could be reset based on data transmission activity on either DL or UL, using rules similar to LTE DRX.

Proposal 4:
The UE may transition from RRC_CONNECTED to RRC_INACTIVE upon expiry of an activity timer, if configured by the network. 

2.2.2 INACTIVE->IDLE

The UE can transition from RRC INACTIVE to IDLE in the following cases:  
1) A UE moves to an area where it cannot remain in RRC_INACTIVE; 
2) A UE moves out of coverage; 
3) The NW requests the transition.  
One example of case 1), where the UE reselects to an LTE cell which does not support Light Connected, was discussed in the study item.  

For case 2), if the UE moves out of coverage and cannot find another suitable cell to camp on for a period of time, the UE should eventually release the context and move to RRC_IDLE. 

Proposal 5:
An RRC_INACTIVE UE that is unable to camp on a cell for a configured period of time releases its context, transitions to RRC_IDLE, and notifies higher layers. 

A transition to RRC_CONNECTED may fail due to lack of response from the network.   The failure may be caused for example due to failure to transmit the request in the UL or to receive the response in the DL.  Following this, the UE may re-select and reattempt the procedure in a different cell.  Nonetheless, the UE should only be allowed to attempt a connection request for a limited period of time.  Upon expiration of a timer, the UE should move to RRC_IDLE and inform higher layers of the failure.   
Proposal 6:
An RRC_INACTIVE UE transitions to RRC_IDLE after a period of time during which it cannot reach the network (e.g. no RRC response to the initial request is received). 

In scenarios described above that the UE moves to idle without network instructions, it would be desirable to avoid maintaining the UEs context indefinitely in the network.  Therefore, the network should have means to determine that the UE is no longer in its coverage and delete its context.  This can be realized by means of a periodic RAN area periodic update message. 
Proposal 7:
The UE is configured to transmit periodic RAN area updates while in RRC_INACTIVE. 

The network may want to move the UE to RRC_IDLE while it is in RRC_INACTIVE. We think that there is no need to introduce a new procedure to allow such state transition.  To initiate such state transiton, the network may page the UE.  The UE responds to the paging with a RRC Connection resume request and at this point the network can use a RRC Connection Reject to move the UE to IDLE.  

Lastly, as agreed in the study item phase, a UE may also receive paging from the CN while in RRC_INACTIVE.  Since CN paging is usually associated with a UE in IDLE with respect to the CN (ECM_IDLE in LTE), such paging may require that a UE moves to RRC_IDLE first, as was the case for LTE Light Connected.

Proposal 8:
An RRC_INACTIVE UE transitions to RRC_IDLE when instructed by the network following an RRC Connection Resume Request. 

3 Conclusion

In this contribution the following observations we made related to the INACTIVE modelling:
Observation 1:
The properties of the INACTIVE state do not have significant overlap with either RRC_CONNECTED or RRC_IDLE  
Based on this, the following proposals were made:
Proposal 1:
The RRC_INACTIVE state is modelled as a new RRC state. 
Proposal 2:
The UE triggers a request to transition from RRC_INACTIVE to RRC_CONNECTED upon MO access or reception of RAN paging. 
Proposal 3:
While in RRC_CONNECTED, the UE may transition to RRC_INACTIVE via an explicit network indication. 
Proposal 4:
The UE may transition from RRC_CONNECTED to RRC_INACTIVE upon expiry of an activity timer, if configured by the network. 

Proposal 5:
An RRC_INACTIVE UE that is unable to camp on a cell for a configured period of time releases its context, transitions to RRC_IDLE, and notifies higher layers. 

Proposal 6:
An RRC_INACTIVE UE transitions to RRC_IDLE after a period of time during which it cannot reach the network (e.g. no RRC response to the initial request is received). 

Proposal 7:
The UE is configured to transmit periodic RAN area updates while in RRC_INACTIVE. 

Proposal 8:
An RRC_INACTIVE UE transitions to RRC_IDLE when instructed by the network following an RRC Connection Resume Request. 
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