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Discussion and decision
1 Introduction

This contribution studies the possible enhancements to support efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE in order to save UE's power consumption as captured in [1]. RAN2#105 related contributions are also considered in this discussion. 
2 Discussion

2.1 Background: Rel-15 NR transitions from RRC_CONNECTED to RRC_IDLE or to RRC_INACTIVE
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 takes the decision of sending this RRCRelease message, potentially including configuration to be used by the UE in RRC_IDLE, or if configured, releases autonomously the connection upon expiry of DataInactivityTimer. 
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,

    ...

}

Therefore a UE in RRC_CONNECTED would always require having updated suspendConfig in order to be able to transition into RRC_INACTIVE. However this may require providing unnecessary new NCC or I-RNTI, which may not be preferable.

2.2 Enhancements to enable efficient RRC state transitions from RRC_CONNECTED to RRC_IDLE or to RRC_INACTIVE

From UE's power consumption point of view, it is preferable if a UE could do its RRC transition out of RRC_CONNECTED as early as possible while maintaining the network control. Potential options to enhance the operation of this RRC transition: 
Option (A) UE requests its transition out of RRC_CONNECTED. The UE sends some form of indication to the network of its preference to move into RRC_IDLE or RRC_INACTIVE. For example, UE informs when there is no data in the buffers and there is no foreseen data to be sent in future. 
Firstly, the kind of information that UE could send to the network should be discussed. It is important to understand that this information could be conveyed explicitly or implicitly.

Option (A.1.1) Preference to operate in a power saving mode (similarly to LTE PPI feature).

Option (A.1.2) Preference to transition into RRC_INACTIVE or RRC_IDLE.

Option (A.1.3) Indication of not having data stored in the buffer or foreseen in future.

Option (A.1.4) Indication of having data incoming from other network when operating in Dual Rx/Single Tx.

Secondly the mechanism used to convey the information explained above should also be discussed:

Option (A.2.1) RRC based indication (e.g. via a new or an existing RRC message).

Option (A.2.2) MAC CE based indication (e.g. via BSR indication).

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, but the network would still need to track or know when UE is transitioning into RRC_IDLE or RRC_INACTIVE. 
For this option (B), as the UE takes the decision to move out of RRC_CONNECTED, if the network wanted or had to provide any RRC_IDLE or RRC_INACTIVE related configuration, it would have to provide it while the UE was in RRC_CONNECTED. Moreover for this option (B) the network would always have to provide the SuspendConfig to any RRC_CONNECTED UE regardless of whether it will or not enter into RRC_INACTIVE in future. However this may not be preferable because network may not want to provide unnecessary new NCC or I-RNTI.

Option (B.1) Timer based. Network provides a new timer (TConnectedToIdle) for the UE to trigger its transition out of RRC_CONNECTED. For this option (B.1) the network would have to also keep track of this new timer (e.g. 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 out of RRC_CONNECTED. 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. To enable a mechanism for a UE to indicate to the network its preference of transitioning out of RRC_CONNECTED.

Proposal 1.1. To discuss which indication UE could provide to the network considering (1) preference to operate in a power saving mode (similarly to LTE PPI feature), (2) preference to transition into RRC_INACTIVE or RRC_IDLE, (3) indication of not having data stored in the buffer or foreseen in future and/or (4) indication of having data incoming from other network when operating in Dual Rx/Single Tx.
Proposal 1.2. To discuss which signaling mechanism is preferable for UE to provide each of the agreeable information of proposal 1.1: (1) RRC based indication or (2) MAC CE based indication.
Proposal 2. To discuss whether to enable a mechanism that allows a UE to autonomously transition out of RRC_CONNECTED into RRC_IDLE or RRC_INACTIVE. Corresponding functionality would still be under network control e.g. when configuring the UE.

3 Conclusion

The proposals captured are the following:
Proposal 1.
To enable a mechanism for a UE to indicate to the network its preference of transitioning out of RRC_CONNECTED.
Proposal 1.1.
To discuss which indication UE could provide to the network considering (1) preference to operate in a power saving mode (similarly to LTE PPI feature), (2) preference to transition into RRC_INACTIVE or RRC_IDLE, (3) indication of not having data stored in the buffer or foreseen in future and/or (4) indication of having data incoming from other network when operating in Dual Rx/Single Tx.
Proposal 1.2.
To discuss which signaling mechanism is preferable for UE to provide each of the agreeable information of proposal 1.1: (1) RRC based indication or (2) MAC CE based indication.
Proposal 2.
To discuss whether to enable a mechanism that allows a UE to autonomously transition out of RRC_CONNECTED into RRC_IDLE or RRC_INACTIVE. Corresponding functionality would still be under network control e.g. when configuring the UE.
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