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1 Introduction

In RAN2#97bis, the following agreement was made [1]: 

Agreement

1
Aim to limit the number of RRC messages i.e. avoid introducing several messages with similar content/ similar procedural handling (details can be discusses when more progress has been made on the individual procedures)

In RAN2#98, the following agreements were made on Connection Control Procedures [2]: 

Agreements:

1
The RRC state transition from CONNECTED to IDLE follows one step procedure (e.g. release).

2
The RRC state transition from CONNECTED to INACTIVE follows one step procedure 
3
As a baseline, RRC state transition from INACTIVE to CONNECTED follows three-step procedure (e.g. request, response, complete). (3 steps from the Request message, i.e. not including any paging). Continue to discuss a 2 step procedure for the state transition if it can be used for all cases

4
As a baseline, network initiated RRC state transition from INACTIVE to IDLE follows INACTIVE to CONNECTED and then CONNECTED to IDLE. 

Agreements for the case that the UE wants to transition from INACTIVE to CONNECTED

1
Initial UE RRC message from RRC_INACTIVE (e.g. MSG3) should be sent on SRB0

2
In case the RAN is successful in retrieving and verifying the UE context, MSG4 should be integrity protected and sent on SRB1

3
RAN2 aim that in case the RAN is successful in retrieving and verifying the UE context, MSG4 should be ciphered and sent on SRB1

FFS Whether there may be cases where message where the MSG4 cannot be ciphered.

4
If the UE received a resume message on MSG4 on SRB1 then the UE enters RRC Connected.

4a
If the UE received a message suspending the UE on MSG4 on SRB1 then the UE remains in RRC Inactive.

FFS In case the RAN is not successful in retrieving or verifying the UE context, MSG4 (can be at least be a message that requests the UE to trigger a new connection) will be sent on SRB0

FFS Whether MSG 4 can be a reject to idle. 

FFS When the UE receives in MSG4 on SRB0 then the UE releases at least the AS security context and UE NAS layer should be informed.

In this contribution, we discuss connection control procedures for RRC INACTIVE in more detail. 

2 Connection Control Procedures for RRC_INACTIVE
Connection control procedures were last discussed in RAN2#98 [2].  In addition, an email discussion on the topic was held for which a fair amount of consensus was observed among companies regarding a number of the procedures [4].  There remains however, a number of discussion points mainly on the transition between RRC_INACTIVE and RRC_CONNECTED, and the information to be exchanged in these transitions.
2.1 INACTIVE->CONNECTED state transition

When attempting to resume RRC_CONNECTED state from RRC_INACTIVE, a UE sends a request on SRB0.  If the NW is able to retrieve the UE context, it sends a response on SRB1.  Based on current agreements, this response can either be a “resume”-type message which moves the UE to RRC_CONNECTED, or a “suspend”-type message which keeps the UE in RRC_INACTIVE.  The “resume”-type message, based on a clear majority of companies opinion, should optionally contain a dedicated radio resource configuration and new/updated security information for the UE.  

The suspend message, on the other hand, could also reconfigure certain UE parameters related to RRC_INACTIVE state.  For example, when a UE reselects to a cell in RRC_INACTIVE which uses different DRX cycle, RAN periodic notification timer, or would need to reconfigure the UE ID, providing such information in the suspend message would allow such parameters to be reconfigured without always needing to bring the UE to RRC_CONNECTED (e.g. in case of NW congestion).  In addition, as discussed in our companion contribution [3], since the response message in the RLAU procedure will likely be a “suspend”-type message, the ability to potentially include reconfiguration parameters in the suspend message will be necessary for this case.
Proposal 1 The suspend message may optionally contain a new DRX cycle, RAN update notification timer, RAN ID/configuration, and UE ID.     

Given that the suspend message can be sent on SRB1, the above parameters can be safely reconfigured in the UE as the UE is able to ascertain the identity of the NW.  
Whether there is a need to be able to send a suspend message using SRB0 would also need to be discussed.  The only case for sending a suspend message on SRB0 would be when the NW cannot or chooses not to fetch the UE context.  For the case where the network cannot retrieve the UE context, the UE should delete it and initiate a new connection procedure.  

A “suspend”-type response on SRB0 may allow the NW to perform congestion control without the need to fetch the UE context.  However, sending a suspend message on SRB0 poses a threat for denial of service attacks to UEs which have already established an RRC connection and may have data to transmit.  It is therefore preferable that the transmission of MSG4 on SRB0 is used only for the case where the UE context cannot be located in the network, and must therefore be deleted by the UE.
Proposal 2 A suspend message is only sent on SRB1

In addition to keeping the UE in RRC_INACTIVE using MSG4 on SRB1, the possibility of a direct transition from RRC_INACTIVE to RRC_IDLE using SRB1 was also discussed.  We believe that such transition has benefits over the baseline agreed approach of first moving the UE to RRC_CONNECTED and then using a RRCConnection release to move the UE to RRC_IDLE.  Specifically, it would reduce the signalling overhead of such an approach, and would avoid having the UE initiate RRC_CONNECTED mode behaviour, such as measurements, continuous control channel monitoring, etc.  Such a state transition was also agreed in the LTE Light Connection work item.  The result of such a message is similar to the reception of an RRCConnectionRelease while CONNECTED, and so the same RRC message could be used in this case.  
Another enhancement to the baseline approach is to have the network page the UE with an indication to move to IDLE.  It would seem that such additional enhancement does not provide much benefits, since an UL message (in response to the paging) is still required so the NW knows the “release to IDLE” was received.  Furthermore, the UE will anyway perform periodic RLAUs and the network could wait for such RLAU procedure to move the UE to IDLE rather than immediately page the UE.

Proposal 3 UE can transition from RRC_INACTIVE to RRC_IDLE using a RRC ConnectionRelease message on SRB1 in response to resume request.  No additional network initiated procedures (e.g. paging) are required for this transition. 
Proposal 4 When UE receives MSG4 containing a RRCConnectionRelease or RRC connection reject the UE transitions to IDLE mode releases the AS context and informs upper layer.  

Another possible failure case for transition from RRC_INACTIVE to RRC_CONNECTED could be the inability to transmit MSG3 due to RACH failures at the UE.  

In LTE, RRC connection establishment or resume failures are handled using a timer – T300.  At the initiation of the RACH procedure for sending RRCConnectionRequest or RRCConnectionResumeRequest, the UE starts T300. If the timer expires, the UE resets the MAC layer and declares failure to upper layers.   

Similar to LTE, the transition from RRC_INACTIVE to RRC_CONNECTED should use a timer based approach.  This would allow the UE to determine that it can no longer connect to the network.  If the UE has not received a response when this timer expires it should move to RRC IDLE and notify upper layers.  
Proposal 5 The UE initiates a timer upon transmission of MSG3 while in RRC_INACTIVE.  If the timer expires and no response is received from network the UE transitions to RRC_IDLE and informs upper layers. 
Currently, we have agreed to a 3-step procedure for the transition from RRC_INACTIVE to RRC_CONNECTED, but it was left open whether a 2-step procedure could be used in all cases.  We think that at least in the case where the UE is provided a new configuration, the UE should confirm the new configuration with an additional confirm message.  This is in-line with how reconfiguration was performed in LTE.  To avoid standardizing two different procedures, we should therefore assume always a 3-step procedure for activation. 

Proposal 6 RAN2 standardizes only a 3-step procedure for INACTIVE to CONNECTED transition.  

2.2 CONNECTED->INACTIVE state transition

For the transition from RRC_CONNECTED to RRC_INACTIVE, a single step procedure will be used for NR.  This transition will require the NW to provide at least the inactive state configuration, namely, the UE ID, RAN periodic timer, DRX cucle, and possibly the RAN area information.  Since the UE receives such configuration while in RRC_CONNECTED, the RRC message will likely be sent over SRB1.
In addition, this message also contains the same information that will be needed in MSG4 which suspends the UE in response to a resume request.  To avoid defining a different message and to make such a “suspend” operation consistent in both cases, a single suspend message should be standardized for these two cases. 

Proposal 7 The same message used for suspending the UE in MSG4 on SRB1 is also used for transition from RRC_CONNECTED to RRC_INACTIVE.

Because RRC_INACTIVE is a different than RRC_CONNECTED, and is used predominately for UE power savings, it may require that the UE have a different configuration for certain PHY layer aspects such as control channel monitoring configuration or RACH resources.  It may be beneficial for the UE to receive such configuration only when moving to RRC_INACTIVE, as it avoids the need for the UE to store it while in RRC_CONNECTED, as well as for the network to reconfigure it (possibly several times) while in RRC_CONNECTED.  This would be similar to how the idleModeMobilityControlInfo containing cell reselection prioritization configuration is provided to the UE when transitioning to RRC_IDLE.   
Providing a radio layer configuration will also be necessary at a later stage of NR specification to support data transmission in RRC_INACTIVE, and will therefore prepare the specification for this eventuality. 

Proposal 8 The UE can be provided a new radio configuration when suspended to RRC_INACTIVE.

3 Conclusion
In this contribution, the following proposals have been made related to connection control procedures for RRC Inactive UEs.

Proposal 9 The suspend message may optionally contain a new DRX cycle, RAN update notification timer, RAN ID/configuration, and UE ID.     

Proposal 10 A suspend message is only sent on SRB1

Proposal 11 UE can transition from RRC_INACTIVE to RRC_IDLE using a RRC ConnectionRelease message on SRB1 in response to resume request.  No additional network initiated procedures (e.g. paging) are required for this transition. 

Proposal 12 When UE receives MSG4 containing a RRCConnectionRelease or RRC connection reject the UE transitions to IDLE mode releases the AS context and informs upper layer.  

Proposal 13 The UE initiates a timer upon transmission of MSG3 while in RRC_INACTIVE.  If the timer expires and no response is received from network the UE transitions to RRC_IDLE and informs upper layers. 
Proposal 14 RAN2 standardizes only a 3-step procedure for INACTIVE to CONNECTED transition.  

Proposal 15 The same message used for suspending the UE in MSG4 on SRB1 is also used for transition from RRC_CONNECTED to RRC_INACTIVE.

Proposal 16 The UE can be provided a new radio configuration when suspended to RRC_INACTIVE.
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