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Discussion and decision
1 Introduction

This contribution aims to address the following objective captured in Rel-16 UE Power Saving SID [1]: "to study the enhancement of UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode". For completion, potential enhancements to the RRC state transition from RRC_INACTIVE to RRC_IDLE are also discussed.
2 Discussion

2.1 Transition from RRC_CONNECTED to RRC_IDLE

A Rel-15 NR UE in RRC_CONNECTED could transition into RRC_IDLE upon:

· Reception of RRCRelease message if SuspendConfig is not included. This RRC message may also convey the following information: RedirectedCarrierInfo, deprioritisationReq (including deprioritisationType or deprioritisationTimer) and CellReselectionPriorities. 
· Expiry of DataInactivityTimer, which could be optionally configured as part of the MAC parameters for a cell group, and which could take values from 1 second up to 3 minutes. However for this scenario, the UE in RRC_IDLE would not get configured with any of the information mentioned in previous point.
Therefore the expected behavior is that a UE in RRC_CONNECTED waits until the network to takes the decision of sending this RRCRelease message potentially including configuration to be used by the UE in RRC_IDLE. However it would be preferable if a UE could do this RRC transition as earlier as possible while maintaining the network control. Potential options to enhance the operation of this RRC transition: 
Option (A) UE requests its release. The UE sends some form of indication to the network of its preference to move into RRC_IDLE. For example, UE informs when there is no data in the buffers and there is no foreseen data to be sent in future. For this option (A), the UE would still need to receive RRCRelease from the network in response.
Option (B) Network configures the UE's trigger for its release. UE autonomously transitions into RRC_IDLE based on pre-configured information provided by the network. The network needs to also track or know when UE is transitioning into RRC_IDLE. For this option (B), as the UE takes the decision to move into RRC_IDLE, if the network wanted to provide any RRC_IDLE related configuration, it would have to provide it while the UE was in RRC_CONNECTED.
Option (B.1)  Timer based. Network provides a new timer (TConnectedToIdle) for the UE to trigger its transition into RRC_IDLE. For this option (B.1) the network would have to also keep track of this new timer (TConnectedToIdle) per each UE. This TConnectedToIdle timer could be defined to (re-)start e.g. with the DRX inactivity timer or upon expiry of DRX inactivity timer, or upon entering into long C-DRX or based on other trigger condition (e.g. the event point explained below in option (B.2)). This TConnectedToIdle timer could be defined to stop upon reception/transmission of any traffic.
Option (B.2)  Event based. A pre-defined event could trigger in the UE its autonomous transition into RRC_IDLE. For this option (B.2), as the UE and gNB needs to be synchronized when the UE moves into RRC_IDLE, the UE will have to indicate the network its autonomous transition (or its request to transition) into RRC_IDLE. A potential pre-defined event could be the detection of having an RSRP/RSRQ below a threshold while being in C-DRX to avoid corresponding HO. 
Proposal 1. RAN2 should study the following options for a more efficient mechanism to transition a UE from RRC_CONNECTED into RRC_IDLE:  via option (A) having the UE to request its release, and via option (B) having the network to configure the UE's trigger for its release.
2.2 Transition from RRC_CONNECTED to RRC_INACTIVE
A Rel-15 NR UE in RRC_CONNECTED transitions into RRC_INACTIVE upon reception of RRCRelease message that includes the SuspendConfig. 
SuspendConfig ::=                   SEQUENCE {

    fullI-RNTI                          I-RNTI-Value,

    shortI-RNTI                         ShortI-RNTI-Value,

    ran-PagingCycle                     PagingCycle,

    ran-NotificationAreaInfo            RAN-NotificationAreaInfo
OPTIONAL,   -- Need M

    t380                                PeriodicRNAU-TimerValue

OPTIONAL,   -- Need R

    nextHopChainingCount                NextHopChainingCount,

    ...

}

Same motivation and described options discussed in previous section 2.1 could also apply for this scenario. For option (B), i.e. when the UE triggers this transition autonomously into RRC_INACTIVE, there is a new aspect to consider different than in previous scenario of section 2.1. The network would always need to provide the SuspendConfig to any RRC_CONNECTED UE regardless of whether it will or not enter into RRC_INACTIVE in future. This may not be preferable because network may not want to provide unnecessary new NCC or I-RNTI.
Proposal 2. RAN2 should study the following options for a more efficient mechanism to transition a UE from RRC_CONNECTED into RRC_INACTIVE via option (A) having the UE to request its release, and via option (B) having the network to configure the UE's trigger for its release.

2.3 Transition from RRC_INACTIVE to RRC_IDLE
A Rel-15 NR UE in RRC_INACTIVE can only move into RRC_IDLE when the network sends the RRCRelease (not including the SuspendConfig) as Msg.4 during the resume procedure. Assuming that there is no traffic triggered, a UE in RRC_INACTIVE may consume similar power consumption as a UE in RRC_IDLE. However a UE in RRC_INACTIVE may be configured to perform periodic RNAU, which could be set as frequent as 5min or as spare as 12h.

    PeriodicRNAU-TimerValue = { 5, 10, 20, 30, 60, 120, 360, 720} minutes
Keeping a UE in RRC_INACTIVE for long time may not be desirable by some network vendors who might end up triggering the release into RRC_IDLE at some point of time. If this were a foreseen scenario, the UE would end up doing an unnecessary exchange of Msg.1, Msg.2, Msg.3 and Msg4 as upon resumption the network would release the UE into RRC_IDLE. 

A potential enhancement is to define a new TInactiveToIdle timer that triggers the autonomous transition from RRC_INACTIVE to RRC_IDLE in the UE, as well as, in the network side. This new TInactiveToIdle timer could be defined to be shorter, equal or longer than the PeriodicRNAU-TimerValue. If the TInactiveToIdle were shorter than, or equal to the PeriodicRNAU-TimerValue, the UE would transition into RRC_IDLE before even triggering any periodic RNAU. If the TInactiveToIdle were longer than the PeriodicRNAU-TimerValue, the UE would keep running the TInactiveToIdle even when periodic RNAU were triggered. This would allow the network keeping the UE for a long time in RRC_INACTIVE, guarantee their synchronization via the periodic RNAU, while handling an efficient RRC transition into RRC_IDLE that would not require additional/unnecessary signaling. The behavior of this new TInactiveToIdle timer would be:
· TInactiveToIdle timer would start when UE moves from RRC_CONNECTED into RRC_INACTIVE.

· TInactiveToIdle timer would stop upon UE enters into RRC_IDLE or RRC_CONNECTED.
· TInactiveToIdle timer would keep running when UE resumes for periodic RNAU and the network releases the UE back into RRC_INACTIVE via Msg.4 indication, i.e. when RRCRelease including SuspendConfig.

Proposal 3. RAN2 should study the following option for an efficient mechanism to transition a UE from RRC_INACTIVE into RRC_IDLE via having the network to configure the UE with a new TInactiveToIdle timer that works as follow (1) starts when UE moves from RRC_CONNECTED into RRC_INACTIVE, (2) stops upon UE enters into RRC_IDLE or RRC_CONNECTED and (3) keeps running when UE resumes for periodic RNAU and the network releases the UE back into RRC_INACTIVE via Msg.4 indication (i.e. when RRCRelease including SuspendConfig).

3 Conclusion

The proposals captured are the following:
Proposal 1.
RAN2 should study the following options for a more efficient mechanism to transition a UE from RRC_CONNECTED into RRC_IDLE:  via option (A) having the UE to request its release, and via option (B) having the network to configure the UE's trigger for its release.
Proposal 2.
RAN2 should study the following options for a more efficient mechanism to transition a UE from RRC_CONNECTED into RRC_INACTIVE via option (A) having the UE to request its release, and via option (B) having the network to configure the UE's trigger for its release.
Proposal 3.
RAN2 should study the following option for an efficient mechanism to transition a UE from RRC_INACTIVE into RRC_IDLE via having the network to configure the UE with a new TInactiveToIdle timer that works as follow (1) starts when UE moves from RRC_CONNECTED into RRC_INACTIVE, (2) stops upon UE enters into RRC_IDLE or RRC_CONNECTED and (3) keeps running when UE resumes for periodic RNAU and the network releases the UE back into RRC_INACTIVE via Msg.4 indication (i.e. when RRCRelease including SuspendConfig).
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