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1.
Introduction
At the RAN #76 meeting, a work item (WI) on even further NB-IoT enhancements has been set to a working agreement. One objective of the WI is to reduce the latency and power consumption [1]:
A-1. Further latency and power consumption reduction

· Power consumption reduction for physical channels

· Study and, if found beneficial, specify for idle mode paging and/or connected mode DRX, physical signal/channel that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH. [RAN1,  RAN2,  RAN4]

· Study and, if found beneficial, support UL/DL semi-persistent scheduling [RAN2, RAN1, RAN4]

· Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure after NPRACH transmission and before the RRC connection setup is completed. [RAN2, RAN1, RAN3] 

· Consider further enhancement of quick release of RRC connection after the last data transmission[RAN2]

· Relaxed monitoring for cell reselection [RAN2, RAN4]

· Enable relaxed UE monitoring for cell (re)selection e.g. by (re)configuration

· Support for physical layer SR [RAN1, RAN2]

· Support for RLC UM in addition to Rel-14 SC-PTM support [RAN2]

In this contribution, we discuss to consider further enhancement of quick release of RRC connection after the last data transmission.
2.
Discussion
The UE behavior upon reception of RRCConnectionRelease is specified in TS36.331 S5.3.8.3. For NB-IoT, the UE delays the RRC Connection Release related actions 10 seconds from the moment when the UE receives the RRCConnectionRelease message, or optionally when lower layers indicates that the receipt of the RRCConnectionRelease message has been successfully acknowledged, whichever is earlier [2].
Here, the lower layer acknowledges the successful reception of RRCConnectionRelease message when receiving the HARQ ACK feedback in response to the RLC STATUS report. (Note that RRCConnectionRelease message is sent by using RLC AM.) However, in NB-IoT, there is no HARQ feedback. Therefore, the current RRC specification implies that the UE always delays 10 seconds from the moment when the UE receives RRCConnectionRelease message.
Observation 1. Due to lack of HARQ feedback, the NB-IoT UE never receive an indication from the lower layer that the RRCConnectionRelease message has been successfully acknowledged.

In Rel-15 MTC, RAN1 is currently discussing introducing HARQ feedback for various purposes. However, NB-IoT UE is half-duplex so that the benefit of HARQ feedback is limited. Therefore, RAN1 decides not to introduce HARQ feedback in Rel-15 NB-IoT.

Observation 2. Rel-15 NB-IoT UE doesn’t support HARQ feedback. As a result, the Rel-15 NB-IoT UE still wait 10 seconds from the moment when the UE receives RRCConnectionRelease message.
In summary, the NB-IoT UE in Rel-15 still needs to wait for 10 seconds to enter RRC_IDLE. As the power saving is one critical issue for MTC/NB-IoT, it seems undesirable to lose a chance to enter RRC_IDLE earlier than 10 seconds for NB-IoT. Therefore, we would like to discuss how to enable quick release of RRC Connection after the UE receives the RRCConnectionRelease message.

One simple solution would be that the UE enters RRC_IDLE when the UE receives RRCConnectionRelease message even without sending RLC STATUS report to the network. 

From network point of view, the network can ensure that the RRCConnectionRelease message is successfully received by the RLC STATUS report. Even though there is a HARQ feedback for the TB including the RRCConnectionRelease message, it was assumed that there could be HARQ feedback error. However, we don’t see a big problem even without RLC STATUS report in case of RRCConnectionRelease message. There could be four cases after the network sends RRCConnectionRelease message:
· Network receives HARQ ACK for the TB including RRCConnectionRelease message.
· Case 1. The UE successfully receives RRCConnectionRelease message. 

· Case 2. The UE fails at receiving RRCConnectionRelease message. HARQ NACK-to-ACK error occurs.

· Network receives HARQ NACK for the TB including RRCConnectionRelease message.
· Case 3. The UE fails at receiving RRCConnectionRelease message.
· Case 4. The UE successfully receives RRCConnectionRelease message. HARQ ACK-to-NACK error occurs
In Case 1 and 2, the network will consider that the UE enters RRC_IDLE. In Case 1, there is no problem because the network understands the UE state correctly. In Case 2, there is no problem expected due to DataInactivityTimer, which is introduced to avoid RRC state mismatch in Rel-14. The UE will enter RRC_IDLE after DataInactivityTimer expiry and there will be no RRC state mismatch between the UE and the network. 
In Case 3 and 4, the network may retransmit a MAC TB or RLC PDU including the RRCConnectionRelease message in MAC/RLC layer. In Case 3, the UE may successfully receive the retransmitted RRCConnectionRelease message. Then, the UE would transmit HARQ ACK feedback to the network, and hence, there is no problem foreseen. In Case 4, the UE may not receive the retransmitted RRCConnectionRelease message because the UE already enters the RRC_IDLE. However, there seems to be no big issue here because the network would be able to assume that the UE may enter RRC_IDLE as there is no response at all for a while or due to DataInactivityTimer.
As seen above, in all cases, there seems to be no issue even if the network relies on HARQ feedback and doesn’t receive an RLC STATUS report after RRCConnectionRelease message. Therefore, it would be fine for the UE to enter RRC_IDLE immediately after the UE receives RRCConnectionRelease message even without indication from lower layer indicating that the receipt of the RRCConnectionRelease message has been successfully acknowledged. 
Observation 3. The network can rely on HARQ feedback from the UE and DataInactivityTimer to know whether the UE enters RRC_IDLE or not.
Therefore, we propose that

Proposal 1. In Rel-15, for NB-IoT, the UE performs the RRC Connection Release related actions immediately after the UE receives the RRCConnectionRelease message.
Proposal 2. In Rel-15, for NB-IoT, the network doesn’t set Poll bit in the RLC PDU containing the RRCConnectionRelease message. 
3.
Conclusion
In this contribution, we discuss how to release of RRC connection quickly without HARQ feedback for NB-IoT and propose the followings.

Observation 1. Due to lack of HARQ feedback, the NB-IoT UE never receive an indication from the lower layer that the RRCConnectionRelease message has been successfully acknowledged.

Observation 2. Rel-15 NB-IoT UE doesn’t support HARQ feedback. As a result, the Rel-15 NB-IoT UE still wait 10 seconds from the moment when the UE receives RRCConnectionRelease message.
Observation 3. The network can rely on HARQ feedback from the UE and DataInactivityTimer to know whether the UE enters RRC_IDLE or not.
Proposal 1. In Rel-15, for NB-IoT, the UE performs the RRC Connection Release related actions immediately after the UE receives the RRCConnectionRelease message.
Proposal 2. In Rel-15, for NB-IoT, the network doesn’t set Poll bit in the RLC PDU containing the RRCConnectionRelease message. 
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