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Discussion and decision
1 Introduction

This contribution discusses the key functionality associated with the RRC transitions from inactive to connected and idle mode considering the related agreements taken in the NR SI phase for which references from TR 38.804 are shown below. 
Figure 5.5.2-1 illustrates an overview of UE state machine and state transitions in NR. A UE has only one RRC state in NR at one time.

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.
The following state transitions are supported between the aforementioned RRC states (as also presented in Figure 5.5.2-1):

· from RRC_IDLE to RRC_CONNECTED, following the "connection setup" procedure (e.g. request, setup, complete);

· from RRC_CONNECTED to RRC_IDLE, following (at least) the "connection release" procedure;

· from RRC_CONNECTED to RRC_INACTIVE, following the "connection inactivation" procedure;

· from RRC_INACTIVE to RRC_CONNECTED, following the "connection activation" procedure;

· from RRC_INACTIVE to RRC_IDLE.

NOTE 4:
Number of steps for each RRC procedure and the corresponding RRC message will be decided in the work item phase. 
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Figure 5.5.2-1:
UE state machine and state transitions in NR
2 Discussion
2.1 Transition from RRC_INACTIVE to RRC_CONNECTED (activation procedure)
The NR WID [1] captured that "UL and DL data transfer in RRC_INACTIVE might be studied only if all of the other objectives have been completed and time is permitted". Therefore the activation procedure should be defined as a baseline based on a 3-step RRC signaling procedure (understanding that further optimizations may be discussed later on within this WI or in future phase).
Proposal 1. The activation procedure to transition a UE from RRC_INACTIVE to RRC_CONNECTED is enabled via a 3-step RRC signaling (including a Request, Setup and Complete kind of message). 
2.1.1 Msg. 3 of activation procedure
Taking into consideration the discussions during the NR SI phase for the required information that a UE in RRC_INACTIVE needs to include in RACH msg.3, RAN2 could agree at least on a cause value, UE identification and UE authentication key. Moreover, this message would be carried over CCCH.
Proposal 2. The RRC message of RACH msg.3 during the activation procedure is sent in CCCH (i.e. SRB0) by a UE in RRC_INACTIVE and includes at least information of the cause value, UE identification and UE authentication key.
It would be important to also consider during this WI phase whether a common RRC message of RACH msg.3 (similar to the RRC connection Request type of message) might be beneficial for those cases where the NR RAN has a knowledge of the UE context as explained in [2], e.g. Re-establishment during RLF, activation of the connection (due to UL data/signaling access or in response to paging), UE autonomous handover [3] and RAN location area update (RLAU) [4]. 
LTE defined a message for Resume Request that can be used in the same or different "cell", allowing the UE AS context retrieval from the "previous" eNB by providing sufficient information in the message to identify the old node and context. While it has not been decided yet, one can assume that the same functionality as suspend and resume will be supported in NR, as shown for the NR_RRC_INACTIVE with activation/inactivation procedures. 

A similar analysis can be done for the RLAU message used in the RRC_INACTIVE mode of operation, where the UE updates its location periodically or when it crosses a RAN notification area (RNA). The “Resume Request” message can also be applied here as well as part of the resume RRC connection like procedure. Therefore, when the UE is paged by RAN while UE is in NR_RRC_INACTIVE, the UE AS layer will respond with a Paging like response.  It can again be seen that the same characteristics and requirements as discussed above, in that it should be possible to identify the node and UE context and authenticate the UE, are also applicable here.

It can further be noticed that the requirements for the re-establishment request message are also the same in that it should be possible to identify the UE context and authenticate the UE. From stage-2 point of view, it could be agreed that a common request message can be designed for the various use cases. 
Observation 1. The same NR RRC message of the RACH msg.3 (which would carry sufficient UE information to identify the gNB node that has the UE RAN context and authenticate the UE) could be used  in the following procedures: activation of the RRC connection (due to UL data/signaling access or in response to paging), RAN location notification area update (RLAU), re-establishment of RRC connection during RLF, and, potentially even, UE autonomous handover (if UE based mobility were agreed for connected mode UEs).

Proposal 3. The RRC message of RACH msg.3 used for the RAN-based location area update (RLAU) is the same as the one used for the activation procedure which handles the UE state transition from RRC_INACTIVE to RRC_CONNECTED due to UL data/signaling access or in response to paging. 

2.1.2 Msg.4 & Msg.5 of activation procedure 

If the gNB has, or could fetch, the stored UE AS context, the msg.4 and msg.5 would conclude the activation of the procedure successfully where the messages could include similar information as it is defined for the corresponding LTE messages (RRCConnectionResume and RRCConnectionResumeComplete). 
Proposal 4. When gNB successfully finds the stored UE AS context, the Msg.4 and Msg.5 of the activation procedure are sent in DCCH (i.e. SRB1) and could include similar information to LTE RRCConnectionResume and RRCConnectionResumeComplete messages.
2.1.3 Msg.4 & Msg.5 when activation fallbacks to connection setup proc.
If the gNB could not find or fetch the stored UE AS context, the msg.4 would indicate that the activation procedure is falling back to establish a new RRC connection. On this case, the msg.4 and msg.5 could include similar information as it is defined for the corresponding LTE messages (RRCConnectionSetup and RRCConnectionSetupComplete). 

Proposal 5. When gNB cannot find the stored UE AS context, the Msg.4 of the activation procedure indicates its fallback to establish a new RRC connection wherein this message is sent in CCCH (i.e. SRB0) and could include similar information to LTE RRCConnectionSetup. The Msg.5 would be sent in DCCH (i.e. SRB1) and could include similar information to LTE RRCConnectionSetupComplete message.
2.1.4 Msg.4 in congestion situations

When RAN is congested, the gNB might choose to reject the access request, the msg.4 could be used to reject the connection understanding that UE state should not be changed as msg.4 would be sent over CCCH (SRB0), therefore the UE would still be in INACTIVE. If the gNB could change the UE state to IDLE this could open a security thread as it was discussed on LTE light connection and was indicated by SA3 in the LS [5]. 

Proposal 6. When RAN is congested, the Msg.4 of the activation procedure could reject the connection request. This Msg.4 would be sent in CCCH (i.e. SRB0), could include similar information to LTE RRCConnectionReject and would indicate the UE to stay in INACTIVE.
2.2 Transition from RRC_CONNECTED to RRC_INACTIVE (inactivation procedure)
RAN2 has considered the following options for the inactivation procedure: 0-step RRC signaling (e.g. autonomous transition upon timer expiry or given trigger), 1-step RRC signaling (e.g. RRC Conn. Release) or 2-step RRC signaling (e.g. RRC Conn. Reconfiguration/Complete). In our understanding all options are feasible and suggest to discuss companies' preference understanding that in LTE, it was preferable to use 1-step.
Proposal 7. FFS on how to enable the inactivation procedure to transition a UE from RRC_CONNECTED to RRC_INACTIVE: 0-step RRC signaling (e.g. autonomous transition upon timer expiry or given trigger), 1-step RRC signaling (e.g. RRC Conn. Release) or 2-step RRC signaling (e.g. RRC Conn. Reconfiguration/Complete).

RAN2 agreed during the NR SI that a UE in RRC_INACTIVE could be configured with a RAN-based notification area (RNA) and a DRX cycle, as discussed in [4]

 REF _Ref478150264 \r \h 
[6]

 REF _Ref478150265 \r \h 
[7]. Moreover, we also propose to define periodic timer for the RAN-based location area update (RLAU), as explained in [4]. Therefore RAN2 could also agree to provide this information via the inactivation RRC procedure.
Proposal 8. The inactivation procedure allows the gNB to configure a UE in RRC_INACTIVE with a DRX cycle, the RAN-based notification area (RNA) which the UE belongs to, and a periodic timer for the RAN-based location area update (RLAU).

2.3 Transition from RRC_INACTIVE to RRC_IDLE

The transition from RRC_INACTIVE to RRC_IDLE should be discussed considering at least the following scenarios: (a) upon entering camped in any cell state, (b) upon reselecting to other RAT, (c) upon failure of the RLAU procedure or (d) upon reception of CN initiating paging.  In all the scenarios, the UE autonomously triggers the transition from RRC_INACTIVE to RRC_IDLE mode. 
Proposal 9. A UE autonomously triggers the transition from RRC_INACTIVE to RRC_IDLE:

Proposal 9.1. upon persistent failure of the RLAU or activation procedure; FFS details.
Proposal 9.2. upon reception of CN initiating paging;
Proposal 9.3. upon entering camped in any cell state;

Proposal 9.4. upon reselecting to other RAT; 

In addition, RAN2 may also want discuss whether a mechanism needs to be defined for the network to trigger the transition for a UE in RRC_INACTIVE to RRC_IDLE; however this was not be essential but more as an optimization taken into consideration that we could rely on RAN-initiated paging, and follow consequent activation and inactivation procedures.
2.3.1 UE AS indication to UE NAS when UE enters into RRC_IDLE from RRC_INACTIVE

When triggering the transition from RRC_INACTIVE to RRC_IDLE, UE NAS would need to be informed e.g. of the failure of the RRC connection, the release of the RRC connection or other case. In our understanding, the expected UE behaviour would be the following: 
· upon a persistent failure of the RLAU or activation procedure (as per proposal 9.1), the UE AS could inform UE NAS of the failure of the RRC connection (which would be followed by the immediate trigger of a request to establish a new RRC connection as it is done in LTE);
· upon reception of CN initiating paging (as per proposal 9.2), UE AS could inform UE NAS of the release of the RRC connection;
· upon entering camped in any cell state or reselection to other RAT (as per proposal 9.3 or 9.4), UE AS could inform UE NAS of the release due to other reason. 
Proposal 10. When a UE in RRC_INACTIVE transitions to RRC_IDLE, UE AS informs to UE NAS of:

Proposal 10.1. Failure of the RRC connection if the transition was due to proposal 9.1.
Proposal 10.2. Release of the RRC connection if the transition was due to proposal 9.2.
Proposal 10.3. Other reasons if the transition was due to proposal 9.3 or 9.4.
3 Conclusion

The observations captured are the following:
Observation 1.
The same NR RRC message of the RACH msg.3 (which would carry sufficient UE information to identify the gNB node that has the UE RAN context and authenticate the UE) could be used  in the following procedures: activation of the RRC connection (due to UL data/signaling access or in response to paging), RAN location notification area update (RLAU), re-establishment of RRC connection during RLF, and, potentially even, UE autonomous handover (if UE based mobility were agreed for connected mode UEs).

The proposal captured are the following:
Proposal 1.
The activation procedure to transition a UE from RRC_INACTIVE to RRC_CONNECTED is enabled via a 3-step RRC signaling (including a Request, Setup and Complete kind of message).
Proposal 2.
The RRC message of RACH msg.3 during the activation procedure is sent in CCCH (i.e. SRB0) by a UE in RRC_INACTIVE and includes at least information of the cause value, UE identification and UE authentication key.
Proposal 3.
The RRC message of RACH msg.3 used for the RAN-based location area update (RLAU) is the same as the one used for the activation procedure which handles the UE state transition from RRC_INACTIVE to RRC_CONNECTED due to UL data/signaling access or in response to paging.
Proposal 4.
When gNB successfully finds the stored UE AS context, the Msg.4 and Msg.5 of the activation procedure are sent in DCCH (i.e. SRB1) and could include similar information to LTE RRCConnectionResume and RRCConnectionResumeComplete messages.
Proposal 5.
When gNB cannot find the stored UE AS context, the Msg.4 of the activation procedure indicates its fallback to establish a new RRC connection wherein this message is sent in CCCH (i.e. SRB0) and could include similar information to LTE RRCConnectionSetup. The Msg.5 would be sent in DCCH (i.e. SRB1) and could include similar information to LTE RRCConnectionSetupComplete message.
Proposal 6.
When RAN is congested, the Msg.4 of the activation procedure could reject the connection request. This Msg.4 would be sent in CCCH (i.e. SRB0), could include similar information to LTE RRCConnectionReject and would indicate the UE to stay in INACTIVE.
Proposal 7.
FFS on how to enable the inactivation procedure to transition a UE from RRC_CONNECTED to RRC_INACTIVE: 0-step RRC signaling (e.g. autonomous transition upon timer expiry or given trigger), 1-step RRC signaling (e.g. RRC Conn. Release) or 2-step RRC signaling (e.g. RRC Conn. Reconfiguration/Complete).
Proposal 8.
The inactivation procedure allows the gNB to configure a UE in RRC_INACTIVE with a DRX cycle, the RAN-based notification area (RNA) which the UE belongs to, and a periodic timer for the RAN-based location area update (RLAU).
Proposal 9.
A UE autonomously triggers the transition from RRC_INACTIVE to RRC_IDLE:
Proposal 9.1.
upon persistent failure of the RLAU or activation procedure; FFS details.
Proposal 9.2.
upon reception of CN initiating paging;
Proposal 9.3.
upon entering camped in any cell state;
Proposal 9.4.
upon reselecting to other RAT;
Proposal 10.
When a UE in RRC_INACTIVE transitions to RRC_IDLE, UE AS informs to UE NAS of:
Proposal 10.1.
Failure of the RRC connection if the transition was due to proposal 9.1.
Proposal 10.2.
Release of the RRC connection if the transition was due to proposal 9.2.
Proposal 10.3.
Other reasons if the transition was due to proposal 9.3 or 9.4.
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