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1.
Introduction
In RAN2#99, RAN2 discussed how to allow quick release of RRC Connection for power saving of the NB-IoT UEs. In order to understand each solution better, RAN2 had an e-mail discussion [1]. 
In this contribution, we would like to compare each proposal based on the understanding from the e-mail discussion in terms of power saving gain, signaling overhead, and the specification impact.
2.
Discussion
The RRC Connection Release for NB-IoT up to Rel-14 is depicted below:
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For quick release of RRC Connection, it was proposed in RAN2#99 that 
1) The UE immediately performs RRC Connection release upon reception of RRCConnectionRelease without sending RLC STATUS Report (SR) [LG]

2) The UE immediately performs RRC Connection release upon receiving UL HARQ ACK feedback in response to SR [Ericsson]

3) to introduce a new L2 signaling for RRCConnectionRelease [Huawei, QC]
4) to introduce a new timer for DataInactivityTimer [MediaTek]

5) to use RLC UM for SRB1 [ZTE].

2.1 Solution 1: The UE immediately performs RRC Connection release upon reception of RRCConnectionRelease without sending SR
Solution 1 is that the eNB does not set poll bit for the RRCConnectionRelease message and the eNB considers that the UE enters into RRC_IDLE immediately after sending RRCConnectionRelease message. If the UE successfully receives the RRCConnectionRelease message, the UE immediately performs action leaving RRC_CONNECTED regardless of lower layers indicate that the receipt of the RRCConnectionRelease message has been acknowledged. 
Upon leaving RRC_CONNECTED, the UE shall reset MAC and timeAlignmentTimer is stopped, and hence, the UE doesn’t send any HARQ feedback.
One may argue that sending neither RLC status report nor HARQ feedback is not a safe way to release RRC Connection because the RRC state mismatch could occur. However, in Rel-14, DataInactivityTimer is introduced in order to avoid RRC state mismatch between the UE and the eNB. Therefore, we see no problem in releasing RRC Connection without sending any feedback.

Solution 1 allows UE to enter RRC_IDLE immediately when receiving RRCConnectionRelease message. Accordingly, there is no additional waiting time for the UE to enter RRC_IDLE if the UE successfully receives RRCConnectionRelease message. In addition, no signaling overhead is expected because the UE sends neither Status report nor HARQ feedback. Furthermore, it could be easily achieved by eNB implementation by not setting poll bit when sending RRCConnectionRelease message to the UE. 

2.2 Solution 2: The UE immediately performs RRC connection release upon receiving UL HARQ-ACK feedback
Solution 2 is that the UE goes to RRC_IDLE when the UE receives UL HARQ-ACK feedback in response to the RLC SR instead of waiting 10 seconds after receiving RRCConnectionRelease message.
Even if the UL HARQ-ACK feedback for the NB-IoT UE is introduced, the UE will enter RRC_IDLE only after receiving the HARQ ACK and the UE still consumes power between reception of RRCConnectionRelease message and reception of HARQ ACK. Therefore, from power saving point of view, Solution 1 is better than Solution 2 because Solution 1 saves power consumption between reception of RRCConnectionRelease message and reception of HARQ ACK.

In addition, Solution 2 still requires DL HARQ ACK for RRCConnectionRelease and RLC STATUS report. Therefore, from signaling overhead point of view, Solution 1 is better than Solution 2 because Solution 1 doesn’t need to send DL HARQ ACK and RLC STATUS report. 

On the other hand, introduction of the UL HARQ feedback for the NB-IoT UE is up to RAN1 decision.
In RAN1, UL HARQ feedback for Rel-15 MTC is under discussion. One may think that the same UL HARQ feedback could be reused for Rel-15 NB-IoT. However, RAN1 is currently focusing on Full Duplex, and UL HARQ feedback for Half Duplex may not be finalized by December 2017. In this case, Solution 2 wouldn’t be a valid option as it essentially requires UL HARQ feedback for Half Duplex. 
2.3 Solution 3: New L2 signaling for RRCConnectionRelease 
Solution 3 is to introduce a new L2 signaling replacing the RRCConnectionRelease message, e.g., MAC CE or a new DCI. The motivation is to remove RLC STATUS report and to enter RRC_IDLE when the UE transmits HARQ feedback. For this, MAC/PHY signaling is proposed to replace existing RRCConnectionRelease message because existing RRCConnectionRelease message is sent together with Poll bit to trigger RLC STATUS report. 
However, it is very important to ensure the reliability of RRC message, and hence, it wouldn’t be acceptable to signal RRC message via L2 signal. In addition, this would bring interaction between layers, i.e., MAC/PHY and RRC for RRC Connection release, which we have avoided as much as possible. 

In order to remove RLC STATUS report, a new L2 signaling is not essential because the eNB can handle this by setting Poll bit to 0 when sending RRCConnectionRelease message and the UE shall not trigger RLC STATUS report if Poll bit is set to 0. In other words, it is already possible by eNB implementation.
With Solution 3, the UE will enter RRC_IDLE after transmitting the HARQ ACK and the UE still consumes power between reception of RRCConnectionRelease message and transmission of HARQ ACK. Therefore, the power saving gain is better than Solution 2 but worse than Solution 1.

2.4 Solution 4: A new Timer-based release
Solution 4 is to introduce a new timer for RRC Connection Release with an intention not to use RRCConnectionRelease message at all. 
We think transmitting RRCConnectionRelease message is totally up to eNB decision. Therefore, UE autonomous release based on DataInactivityTimer is already possible. However, there could be some modification required for proper release of RRC Connection.

First, DataInactivityTimer expiry currently triggers TAU request because the RRC indicates to upper layer that release cause is ‘RRC Connection Failure’. However, it seems not needed to trigger TAU request when DataInactivityTimer expires because DataInactivityTimer is to enter the RRC_IDLE but not to recover the RRC Connection. Therefore, the RRC should indicate the release cause as ‘other’ when DataInactivityTimer expires. 

Second, DataInactivityTimer currently restarts upon every reception/transmission [of a MAC PDU.] Therefore, if the eNB doesn’t schedule the UE within DataInactivityTimer, the UE may enter RRC_IDLE even if the UE still has remaining data. If a short value is configured for DataInactivityTimer, the situation would be worse because the UE may enter RRC_IDLE shortly after the restart of DataInactivityTimer. One safe way to ensure that the UE enters only when there is no remaining data to transmit is to restart DataInactivityTimer after sending BSR=0. The detailed discussion is provided in [9].

2.5 Solution 5: Introduction of RLC UM for SRB1 
Solution 5 proposes to use RLC UM for RRC connection release. The motivation is the same as Solution 1 that the UE releases RRC Connection upon reception of RRCConnectionRelease message, i.e., without sending RLC STATUS report and HARQ ACK.
However, RRCConnectionRelease message is not the only message delivered via SRB1 but there are many RRC messages that are delivered via SRB1, e.g., RRCConnectionReconfiguration, RRCConnectionResume, etc, which still need to be delivered via RLC AM for reliable transmission. Therefore, it is not reasonable to use RLC UM for SRB1.

In addition, SRB1 using RLC UM is almost like a new type of bearer, e.g., SRB1ter. Therefore, we need to discuss how to handle this new type of bearer, e.g., establishment, re-establishment, etc, which would have significant impact on specification.
On the other hand, even without introducing RLC UM for SRB1, the eNB can control transmission of STATUS Report by setting the Poll bit to 0 when sending RRCConnectionRelease message. Therefore, we don’t think it is necessary to introduce RLC UM for SRB1 only to skip STAUS Report for RRCConnectionRelease message.
2.6 Comparison
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We think the network should have a way to release RRC Connection of the UE explicitly. Therefore, Solution 1 would be the best way to allow early RRC Connection release if the eNB uses the RRCConnectionRelease message. Therefore,
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. 
As discussed in Solution 4, we think the current DataInactivyTimer expiry behavior needs to be changed for proper release of RRC Connection. Therefore,
Proposal 3. In Rel-15, for NB-IoT, when DataInactivityTimer expires, the UE shall perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other' instead of 'RRC connection failure'.
The related CR is provided in [11]
3.
Conclusion
In this contribution, we discuss how to release of RRC connection quickly without HARQ feedback for NB-IoT and propose the followings.

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. 
Proposal 3. In Rel-15, for NB-IoT, release cause of the RRCConnectionRelease message should be changed from ‘RRC connection failure’ to ‘other’.
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