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1. Introduction
This document explains an RRC state mismatch issue that may happen between eNB and UE. In particular, the documents highlights the reasoning why the impact from service perspective becomes more significant for the case of stationary UEs with MTC application which does not generate mobile originating UL transmissions, existing in the live network. This document also proposes that standardization mechanism is considered to solve the issue.
2. Discussion
RRC states mismatch in the eNB and UE may happen in the following scenario. When eNB decides to release RRC connection with a UE, eNB transmits RRC Connection Release to the UE and the UE transits to RRC_IDLE. However, in some cases the UE couldn’t receive the RRC Connection Release message, resulting in a condition where the UE stays in RRC_CONNECTED, but the eNB regards the UE as in RRC_IDLE.
An example of radio quality degradation that may cause the above scenario is shown below.
1.
The UE is blocked temporarily by an object and radio link quality degrades.

a.
The eNB transmits RRC Connection Release to the UE, but the eNB does not receive acknowledgement even after retries at both RLC and HARQ levels.
b.
The UE fails to decode the message. The UE starts T310 due to the bad DL quality.

2.
Temporary shadowing object is removed and UE goes back to in-sync state. T310 is stopped. RLF is not triggered.
Here, it is assumed that T310 could be much longer than the total period of retransmission via layer 2 of RRC Connection Release by eNB. T310 can be set up to 2 sec in the current specification, and the retransmission time of RRC messages via layer 2 would be in the order of hundreds ms in practice.

Even while eNB may consider this as L2 protocol error due to maximum number of RLC retransmission exceedance in DL, there is no mean for eNB to recover from this abnormal situation for SRB. Thus, the eNB may locally release the UE Context.
3.
UE stays in RRC_CONNECTED, while eNB considers that the UE is in RRC_IDLE. 
As shown in the above, the RRC state mismatch issue may happen due to temporary degradation of DL radio link quality.
Observation 1:
the RRC state mismatch issue may happen due to temporary degradation of DL radio link quality.
Figure 1 shows that when the above issue happens, mobile terminating data transmissions cannot be performed because the UE does not receive Paging from eNB. This mismatch problem can only be resolved if uplink transmission is triggered and UE attempts to send uplink data to the eNB. In doing so, RLF would be detected due to maximum number of RLC retransmissions has been reached or RA problem (i.e., eNB does not transmit contention resolution for UE with un-assigned C-RNTI) and then RRC Connection Reestablishment procedure will be initiated. 
Observation 2:
When the issue happens, mobile terminating data transmissions cannot be performed until an uplink transmission is triggered by UE.
Figure 1
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For normal LTE UE (e.g. smartphones that are on market), it can be assumed that anyway there will be an uplink transmission for sending user data or handover attempts, such that there are means to detect RLF and resynchronized by means of RRC Connection Reestablishment. Therefore, the network will only see the occurrence of RRC Connection Reestablishment (i.e., the issue of RRC state mismatch is not visible as such). However, there are various kinds of applications in MTC scenarios, and we confirmed that some of applications, e.g., a security application, generate UL data only in response to the request from server. Specifically for stationary UEs with this kind of MTC application, there is no standardization means to resolve RRC state mismatch issue. The problem can only be detected based on customer complaints which may takes some time until the operator becomes aware of it and take measures, and until then the MTC service is down. Therefore, we believe that RRC mismatch issue has significant impact from service and business perspective and we think that this issue needs to be resolved by standardized mechanism. We prefer to have solution in the standardization.
Observation 3:
The RRC state mismatch problem has significant service impact for stationary UEs with MTC application that only generate UL data as response to Paging from NW. 
Observation 4:
Once RRC state mismatch issue happens between eNB and the problematic UE, the issue cannot be resolved with the current standardized mechanism.
Proposal:


RAN2 to discuss the RRC state mismatch problem and to agree on defining potential solutions for this issue.
3. Summary and Proposal
This paper discusses the RRC state mismatch issue that may happen between eNB and  UEs with MTC application which does not generate mobile originating UL transmissions. The following are the summary of our observations and proposal:
Observation 1:
the RRC state mismatch issue happens due to temporary degradation of DL radio link quality.
Observation 2:
When the issue happens, mobile terminating data transmissions cannot be performed until an uplink transmission is triggered by UE.
Observation 3:
The RRC state mismatch problem has significant service impact for stationary UEs with MTC application that only generate UL data as response to Paging from NW.
Observation 4:
Once RRC state mismatch issue happens between eNB and the problematic UE, the issue cannot be resolved with the current standardized mechanism.
Proposal:

RAN2 to discuss the RRC state mismatch problem and to agree on defining potential solutions for this issue.
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