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1 Introduction

It is discovered by operators in [1] that standard-compliant LTE UEs may be stuck in RRC connected state if the RRC connection release message is not correctly decoded by the UE after exceeding the maximum number of RLC and HARQ retransmissions. In this document, we discuss potential solutions to this issue.
2 Discussion
We acknowledge that the issue raised in [1] can happen in real networks. The reason is below. In case of short period of fading, the RRC connection release message can fail even with RLC retransmissions, whereas the RLM may recover and hence not trigger RLF. After certain inactivity time (up to eNB implementation), the eNB may locally release the UE and consider the UE to be in RRC_Idle state; however, the UE considers itself to be in RRC_Connected state and does not monitor the idle-mode paging occasions. As a result, the UE cannot receive paging from the eNB. If the UE does not have uplink data traffic (NB-IoT UEs may not even have measurement reports), the eNB-UE state mismatch continues and the UE stays in RRC connected mode.

This issue is generic for LTE, and is expected to be more serious for eMTC and NB-IoT UEs due to special traffic patterns and limited human interactions such as power off/on.

The root cause of this issue is that the LTE standard does not define a way for the UE to initiate RRC connection release, or to request for RRC connection release. Note that this is not an issue in UMTS which defines the SCRI mechanism for the UE to tell network to initiate RRC connection release. 
To address this issue, we have to allow the UE to apply the following principles, 

· Principle 1: Requesting for RRC connection release (Similar to UMTS SCRI feature), or

· Principle 2: Releasing RRC connection autonomously based on eNB configured inactivity time.
· Principle 3: Reestablish RRC Connection based on eNB configured inactivity timer
2.1 Possible ways to apply principle (1)
A possible way to apply principle (1) above is below, which is similar to UMTS SCRI feature.
Option 1 (Similar to UMTS SCRI feature): If configured, the UE can send a newly defined RRC connection release request message over RLC AM after certain data inactivity time. A configured prohibit timer limits how often the UE can send the RRC connection release request message. The UE does not release RRC connection until it receives the RRC connection release message from the eNB.
If Option 1 is adopted, the UE starts a local inactivity timer when there is no more data activity. The timer value is chosen based on the UE’s traffic pattern. When the UE local inactivity timer expires, the UE sends the new RRC connection release request message over RLC AM. Three cases may happen to the RRC connection release request message; in any of the cases, the RRC connection can be released, as described below.

1) If the eNB has not locally released the UE,

a. (common case) If the RRC connection release request message is correctly decoded by the eNB, eNB can release the UE; 
b. (corner case) Otherwise, the UE must have reached the maximum number of RLC retransmissions, which triggers UE RLF followed by the RRC connection re-establishment procedure according to existing spec of 36.331 Section 5.3.11.3, and if that fails again, UE will go to idle mode according to existing spec. 
2) If the eNB has locally released the UE,

a. The UE will first perform PRACH to get uplink grant, in order to transmit the RRC connection release request message. The PRACH will fail, because UE will use the C-RNTI in the PRACH procedure whereas the eNB already released the C-RNTI. This triggers UE RLF followed by the RRC connection re-establishment procedure according to existing spec of 36.331 Section 5.3.11.3, and if UE re-establishes with the same cell, it will fail again because eNB release the UE, so UE will go to idle mode according to existing spec.    

For the cases 1b and 2a, we may also modify the spec to allow the UE to bypass the RRC connection reestablishment procedure and allow the UE to go to idle mode directly if RLF happens after the UE has already triggered sending the RRC connection release request message.
2.2 Possible ways to apply principle (2)
The possible ways to apply principle (2) above are below.
Option 2 (Configured UE Autonomous Release): eNB configures autonomous RRC release timer which is started by the UE upon no data activity in both downlink and uplink. When the timer expires, eNB and UE both autonomously release RRC connection without explicit signaling. 
In the Option 2 above, the autonomous RRC release timer is similar to C-DRX inactivity timer.

Option 3 (Option 2 + UE preferred release timer value) In addition to Option 2, if configured, the UE can send preferred autonomous release timer value to the eNB. 

In Option 3, we want the UEs to indicate preferred release timer value based on their own traffic patterns; otherwise, if the eNB selects the timer value without knowing the UE traffic pattern, the following side effects may happen:

a. If the UE has a dense traffic pattern and is configured with short timer value, traffic may arrive shortly after RRC connection release. This creates signaling overhead due to extra RRC connection setup and release messages.
b. If the UE has a sparse traffic pattern and is configured with long timer value, the RRC connection may be kept for a long time without traffic activity. This can be a waste of UE power, especially for eMTC devices.
2.3 Possible ways to apply principle (3)
A possible way to apply principle (3) above is below.

Option 4: eNB configures inactivity timer which is started by the UE upon reception of the timer in the associated dedicated signaling. The timer expires when there is no data activity (including lower layer signaling) in both downlink and uplink. When the timer expires, the UE initiates RRC reestablishment procedure.
In option 4, when the RRC state mismatch issue in [1] occurred, the configured timer in the UE will be expired which then trigger the UE to send RRC Connection Reestablishment Request to the eNB. The eNB transmits RRC Connection Reestablishment Reject to the UE; since the eNB has no longer kept the UE Context thus cannot identify the UE. Afterwards, the UE transits to RRC_Idle, thus the mismatch between eNB and UE can be resolved.
3 Conclusion 

Proposal 1: RAN2 is requested to adopt one of the four (4) options in Section 2. 
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