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1 Introduction
Power saving is critical for NB-IoT and eMTC UE. But the legacy RRC connection release procedure is power wasting for the following aspects:
1. AM mode is required for the RRCConnectionRelease message transmission. The UE should send Ack for RRCConnectionRelease message to eNB. The Ack transmisson is power consuming.

2. UE should delay processing RRCConnectionRelease message and leaving RRC_CONNECTED for a period of time (10 seconds for NB-IoT UEs, 1.25 seconds for BL UEs or UEs in CE and 60 ms for other type UEs) from the moment the RRCConnectionRelease message was received or optionally when lower layers indicate that the receipt of the RRCConnectionRelease message has been successfully acknowledged before. UE in RRC_CONNECTED during this delayed period is also power consuming.

In RAN2 #97 meeting, a new data inactivity timer feature is specified as a solution for RRC state mismatch issue. A DataInactivityTimer is introduced which can be started or restarted at reception or transmission a data packet. The UE can autonomously release RRC connection upon the expiry of DataInactivityTimer, that is, the UE will perform the actions upon leaving RRC_CONNECTED with release cause 'RRC connection failure'. The minimum value of this timer is 1s. 

With this feature, the UE may release RRC connection autonomously without reception of RRCConnectionRelease message (also no need of transmission Ack for RRCConnectionRelease message and additional delay). That means RRC connection can be released effectively with less power consumption. 
However, since the UE may release RRC connection autonomously, the UE context would be released completely. For UP solution, RRC suspension cannot be performed, which may cause more power consumption for RRC connection establishment at the next time. 

In this paper, we will further discuss the issues and potential solutions.
2 Discussion
2.1 Issues for autonomous RRC connection release
For UP solution, RRC suspension indication is sent to UE in the ReleaseCause IE by RRCConnectionRelease message. And resumeIdentity IE is also sent to UE by RRCConnectionRelease message. If the UE hasn’t received RRCConnectionRelease message upon expiry of the DataInactivityTimer, the UE will directly perform the actions upon leaving RRC_CONNECTED without any RRC suspension operation. 

Observation 1: If the UE hasn’t received RRCConnectionRelease message upon expiry of the DataInactivityTimer, the UE will directly perform the actions upon leaving RRC_CONNECTED without any RRC suspension operation.

Furthermore, it can be noticed that extendedWaitTime IE is also sent to UE by RRCConnectionRelease message if the network wants to avoid the UE sending service request frequently. If the UE hasn’t received RRCConnectionRelease message upon expiry of the DataInactivityTimer, there is no way for the network to set this information to the UE and the UE may send service request again soon after the RRC release.

Observation 2: If the UE hasn’t received RRCConnectionRelease message upon expiry of the DataInactivityTimer, there is no way for the network to set extendedWaitTime to the UE and the UE may send service request again soon after the RRC release.
It’s good for power saving to try to use suspension/resumption operations for UEs. Therefore, we should consider other way to transmit suspend indication/resume ID if the UE would leave RRC_CONNECTED without reception of RRCConnectionRelease message. And also other way to transmit extendedWaitTime should be considered.
2.2 Solution of early RRC release information provision
Per our understanding, whether the RRC should be released or suspended can be decided by network as early as possible, i.e. when DataInactivityTimer is configured, since it’s mainly based on the CP/UP solution selection and the service establishment frequency. Thus, if the RRC suspension information can be configured at the same time when DataInactivityTimer is configured, the UE would have available RRC suspension information upon expiry of the DataInactivityTimer. Then the UE can suspend the RRC connection as usual and resume the RRC connection at the next time.

The setting of extendedWaitTime is usually related to network load. Considering that small data are mainly carried over NB-IoT/eMTC and short period of RRC_CONNECTED is maintained, the network load will not fluctuate drastically during a RRC_CONNECTED period, the extendedWaitTime information can also be configured as early as possible, i.e. when DataInactivityTimer is configured. 

Proposal 1: The RRC release information (including rrc-SuspendIndication, resumeIdentity, and extendedWaitTime etc) can be configured at the same time when DataInactivityTimer is configured.

Based on the following observations:

· The DataInactivityTimer is included in MAC-MainConfig IE, which can be carried by four messages of RRCConnectionSetup, RRCConnectionResume, RRCConnectionReconfiguration and RRCConnectionReestablishment.
· The RRC release information is RRC information other than MAC information.

We suggest the RRC release information can also be carried directly by RRCConnectionSetup, RRCConnectionResume, RRCConnectionReconfiguration and RRCConnectionReestablishment messages.

Proposal 2: The RRC release information can be carried directly by RRCConnectionSetup, RRCConnectionResume, RRCConnectionReconfiguration and RRCConnectionReestablishment messages.
3 Conclusion

Based on the analysis in this paper, we have the following observations and proposals:
Observation 1: If the UE hasn’t received RRCConnectionRelease message upon expiry of the DataInactivityTimer, the UE will directly perform the actions upon leaving RRC_CONNECTED without any RRC suspension operation.

Observation 2: If the UE hasn’t received RRCConnectionRelease message upon expiry of the DataInactivityTimer, there is no way for the network to set extendedWaitTime to the UE and the UE may send service request again soon after the RRC release.
Proposal 1: The RRC release information (including rrc-SuspendIndication, resumeIdentity, and extendedWaitTime etc) can be configured at the same time when DataInactivityTimer is configured.

Proposal 2: The RRC release information can be carried directly by RRCConnectionSetup, RRCConnectionResume, RRCConnectionReconfiguration and RRCConnectionReestablishment messages.
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