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1 Introduction

In the current NB-IoT specification, NAS indication for CP solution and BSR=0 indication for UP solution are supported for UE to indicate to eNB that there are no data to be transmitted in the near future. 
The WID of further NB-IoT enhancements was approved in RAN#75 [1] and reviewed in RAN#76 [2], RAN#77 [3].In which, the following objection is included:

Further latency and power consumption reduction

· Consider further enhancement of quick release of RRC connection after the last data transmission[RAN2]
· Support for RLC UM in addition to Rel-14 SC-PTM support [RAN2]

In this paper, we will further discuss this issue and potential solutions.

2 Discussion

Power saving is critical for NB-IoT UE. During RRC connection release stage, power wasting is mainly due to the the following aspects[4]:
1. The time duration to wait for the RRCConnectionRelease message after the last data transmission, during which UE should monitor the USS continuously, which is power wasting. 
2. AM mode is supported only for the RRCConnectionRelease message transmission in NB-IoT currently. The UE should send RLC Ack and HARQ ack for RRCConnectionRelease message to eNB when receiving RRCConnectionRelease message. The RLC Ack and HARQ ack transmisson is power consuming.

3. The time delay to leave the RRC_CONNECTED when receiving RRCConnectionRelease message. As the current specification, 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. During which UE is in RRC_CONNECTED state and should monitor the USS continuously, which is power wasting. 
With the NAS indication for CP solution and BSR=0 indication for UP solution which are used for UE to indicate that there are no data to be transmitted in the near future, the time duration to wait the RRCConnectionRelease message after the last data transmission can be shortened as much as possible. So the main power wasting problem during RRC connection release stage in NB-IoT is the RLC Ack and HARQ ack sending and time delay to leave the RRC_CONNECTED when receiving RRCConnectionRelease message, which are necessary if RLC AM mode is still used for the RRCConnectionRelease.

Observation 1: Almost no improvement can be done further for the release of RRC connection if RLC AM mode of RRCConnectionRelease is still used.
During RAN2 #99 meeting, several enhancement mechanisms of quick release of RRC connection are provided as follows to reduce the UE power consumption:

· New release signalling rather than RRC message in DL, e.g., DCI, PDCCH, or MAC CE

· RLC UM mode of RRCConnectionRelease
· Timer triggered autonomous RRC release (without NAS recovery)
· Go to Idle based on UL HARQ-ACK feedback (instead of waiting 10s)
Among these solutions:

· With timer triggered autonomous RRC release, no RRC release signalling is needed, which saves the UE power most. 
· As for RLC UM mode of RRCConnectionRelease and new release signalling rather than RRC message in DL, e.g., DCI, PDCCH, or MAC CE, release signalling should be monitored and HARQ ACK sending is needed still, but the UE can leaving the RRC_CONNECTED state immediately once sending HARQ ACK of the release signalling (instead of waiting 10s for USS monitoring or monitoring UL HARQ-ACK feedback) , which saves the UE power in some degree. 
· For go to Idle based on UL HARQ-ACK feedback (instead of waiting 10s), it’s a RAN1 topic and is out of the scope of the WID.
In this paper, we will analysis these solutions further. 
2.1 Issues for autonomous RRC connection release
With timer triggered autonomous RRC release, both UE and eNodeB will release the RRC connection after a timer alike the DataInactivityTimer function except that TAU is not triggered, which could be easily realized with the release reason of 'suspension of the RRC' or 'User Inactivity' and so on instead of 'RRC connection failure'. For which, reception of RRC/lower layer release signalling and/or sending the ACK can be avoided and the UE power can be saved a lot. Furthermore, the RRC state mismatch issue also doesn’t exist. So we prefer this solution as a baseline of quick release of RRC connection for UE power conduction reduction. 
Proposal 1: Timer based RRC connection release should be used as a baseline for quick RRC release, which should work alike the DataInactivityTimer function except that TAU is not triggered.
If UE autonomously releases the RRC Connection is used, no RRCConnectionRelease message can be received while performing the actions upon leaving RRC_CONNECTED. 

Observation 2: If autonomous RRC connection release is triggered, no RRCConnectionRelease message can be received by the UE when performing the actions upon leaving RRC_CONNECTED state.
2.2 Issues for release signaling except RLC AM RRCConnectionRelease
As for RLC UM mode of RRCConnectionRelease and new release signalling rather than RRC message in DL, e.g., DCI, PDCCH, or MAC CE, the advantage and disadvantage is as follows:

Advantage:

· The release signalling should be monitored and HARQ ACK sending is needed.
· The risk of RRC state mismatch exists.
Disadvantage:

· RRC connection release can be triggered immediately when BSR0 or NAS indication received in eNodeB.
· UE can leave the RRC_CONNECTED state immediately once send the HARQ ack of the release signalling (instead of waiting 10s).
So we think which can be as a supplement for timer triggered autonomous RRC release. And we are open whether DCI, PDCCH, MAC CE or RLC UM mode of RRCConnectionRelease is used.

Proposal 2: RLC UM mode of RRCConnectionRelease  or new release signalling rather than RRC message in DL, e.g., DCI, PDCCH, or MAC CE can be as a supplement for quick RRC release and we are open to further discuss.
If new release signalling rather than RRC message in DL, e.g., DCI, PDCCH, or MAC CE is used as a supplement for quick RRC release, no other information would be delivered except release indication since there may be not enough bits in the signalling. 
Observation 3: If new release signalling rather than RRC message in DL, e.g., DCI, PDCCH, or MAC CE is triggered, no other information would be delivered except release indication.
2.3 Solution of early RRC release information provision
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 leaving RRC_CONNECTED state, the UE will directly perform the actions upon leaving RRC_CONNECTED without any RRC suspension operation. 

Observation 4: If the UE hasn’t received RRCConnectionRelease message when performing the actions upon leaving RRC_CONNECTED, no any RRC suspension operation can be done.
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 5: If the UE hasn’t received RRCConnectionRelease message when performing the actions upon leaving RRC_CONNECTED, 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 helpful for power saving to try to use suspension/resumption operations for UEs and the extendedWaitTime etc is also useful for dealing with cell congestion. Therefore, we should consider other way to transmit suspend indication/resume ID/ extendedWaitTime etc if the UE would leave RRC_CONNECTED without reception of RRCConnectionRelease message. 
Observation 6: Some improvement should be done to transmit the RRC release information (e.g rrc-SuspendIndication, resumeIdentity, extendedWaitTime etc) originally carried over RRCConnectionRelease message if the UE would leave RRC_CONNECTED without reception of RRCConnectionRelease message.
Per our understanding, whether the RRC should be released or suspended can be decided by network as early as possible, i.e. when RRC connection setup, RRC connection resume, RRC connection reestablishment and/or RRC connection reconfiguration, 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 during RRC connection setup, RRC connection resume, RRC connection reestablishment and/or RRC connection reconfiguration procedure, the UE would have available RRC suspension information when leaving RRC_CONNECTED state. 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 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. during RRC connection setup, RRC connection resume , RRC connection reestablishment and/or RRC connection reconfiguration procedure. 

Proposal 3: The RRC release information (e.g rrc-SuspendIndication, resumeIdentity etc) originally carried over RRCConnectionRelease message should be delivered to UE earlier, e.g by RRC message of RRCConnectionSetup-NB, RRCConnectionResume-NB, RRCConnectionReestablishment-NB or RRCConnectionReconfiguration-NB.
3 Conclusion

Based on the analysis in this paper, we have the following observations and proposals:

Observation 1: Almost no improvement can be done further for the release of RRC connection if RLC AM mode of RRCConnectionRelease is still used.
Observation 2: If autonomous RRC connection release is triggered, no RRCConnectionRelease message can be received by the UE when performing the actions upon leaving RRC_CONNECTED state.

Observation 3: If new release signalling rather than RRC message in DL, e.g., DCI, PDCCH, or MAC CE is triggered, no other information would be delivered except release indication.
Observation 4: If the UE hasn’t received RRCConnectionRelease message when performing the actions upon leaving RRC_CONNECTED, no any RRC suspension operation can be done.

Observation 5: If the UE hasn’t received RRCConnectionRelease message when performing the actions upon leaving RRC_CONNECTED, 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.
Observation 6: Some improvement should be done to transmit the RRC release information (e.g rrc-SuspendIndication, resumeIdentity, extendedWaitTime etc) originally carried over RRCConnectionRelease message if the UE would leave RRC_CONNECTED without reception of RRCConnectionRelease message.
Proposal 1: Timer based RRC connection release should be used as a baseline for quick RRC release, which should work alike the DataInactivityTimer function except that TAU is not triggered.
Proposal 2: RLC UM mode of RRCConnectionRelease  or new release signalling rather than RRC message in DL, e.g., DCI, PDCCH, or MAC CE can be as a supplement for quick RRC release and we are open to further discuss.
Proposal 3: The RRC release information (e.g rrc-SuspendIndication, resumeIdentity etc) originally carried over RRCConnectionRelease message should be delivered to UE earlier, e.g by RRC message of RRCConnectionSetup-NB, RRCConnectionResume-NB, RRCConnectionReestablishment-NB or RRCConnectionReconfiguration-NB.
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