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Discussion and decision
1. Introduction
In this document we propose some enhancements for resolving the UE RRC state mismatch between the radio/core network and the UE. These enhancements are proposed to facilitate quicker resolution in case of UE RRC state mismatches and allow for better utilization of network resources, improved user experience and lower uplink interference among other benefits. 
2. Discussion
2.1. Background
Once the RRC connection is established, the UE does not release its RRC connection until receiving the RRC Connection Release message from the network.  On the network side, normal UE Context and RRC connection release are triggered when all requested sessions are completed.  
UE synchronization is also typically monitored based on UE activity / periodic reporting over a configurable time period (configurable timers may be used).  If the network loses connection with the UE over a long time period, it may also activate the release of the UE context.  However, in some implementations, this may not trigger the RRC connection release to the UE when UE is in the middle of the handover execution stage.  In other cases, it is also possible, that the UE context is released in the network when the UE is undergoing a long handover process.  In this case, the UE will keep repeating the MSG1 (random access preamble), MSG2 (random access response) and MSG3 (contention resolution identity) but without any MSG4 (contention resolution) success under the new eNodeB.  The UE would be trying the MSG3 with its own C-RNTI but new eNodeB (network) could not retrieve the UE Context to respond with MSG4 (contention resolution).  This creates a lot of random access attempts and uplink interference unnecessarily, and wastes / jams the random access resources.  On the UE side, user experience would be poor and UE battery power would be drained until the T304 timer expires when the UE declares handover failure.  Subsequently after the handover failure, the UE shall attempt RRC Connection Re-establishment but the network would reject the RRC Connection Re-establishment.
In the non-handover cases, the network may choose not to send RRC Connection Release message to the UE thinking that the lost UE would not be able to get the message.  This would cause mismatch in the UE RRC state too.  The network may stop granting any uplink resources to the UE but the UE may want to send new data.  The UE would need to keep sending Scheduling Requests (SRs) but without success.  This continues until the maximum number of SRs is exceeded.  The UE then resorts to random access procedure but this also results in failures without any MSG4 (contention resolution).  Similar to the previous case, the UE would try sending MSG3 (UE contention resolution identity) with its C-RNTI but the UE context is not existent anymore.  In such a scenario, the UE will be transmitting SRs and random accesses unnecessarily, and this contributes to interference and wastes random access resources.  This would be a long unusable time before the UE declares radio link failure and attempts call re-establishment. This is the main reason for proposals discussed in this paper.

2.2. Drawbacks of the existing mechanism
If the UE RRC state mismatch occurs between the network and the UE, the UE keeps transmitting and retrying until re-establishment and this could cause a lot of interference and incur a long interruption time which would cause poor user experience.
In some field tests with multiple eNodeB vendors, after observing the described phenomenon that the UE was transmitting and trying to communicate with the network in the RRC_CONNECTED state, the UE was able to detect idle mode paging messages with the UE’s designated S-TMSI.  This indicated that the network was looking for the UE in the RRC_IDLE state.  However, the current 3GPP mechanism would not allow the RRC_CONNECTED UE to respond to the idle mode paging message despite the correct S-TMSI detected by the UE.

The current mechanism would cause unnecessary uplink interference as the UE is trying to communicate with the network but without any success.  Also, the user experience would be poor due to the long interruption time during which no data can be transmitted or received.
2.3. Proposal 1: Monitoring Idle Mode Paging in RRC_CONNECTED state
This enhancement is to allow the UE to monitor and respond to the idle mode paging messages in RRC_CONNECTED state.  It is proposed to allow the UE to release RRC connection upon detecting any idle mode paging record with the UE’s designated S-TMSI and perform actions upon leaving RRC_CONNECTED state.  Then, the UE shall be able to re-establish through sending an RRC Connection Request message or an RRC Connection Re-establishment message.  As a result, the UE will be able to avoid long data interruption time and unnecessary retries of the scheduling request and random access procedure.
2.4. Proposal 2: Return to RRC_IDLE and then RRC Connection Setup after Uplink Out-of-Sync
This enhancement is to allow the UE to quickly transition to the RRC_IDLE state and initiate a new RRC Connection after reaching uplink Out-of-Sync.  It is proposed to allow the UE to re-establish through sending an RRC Connection Request message.  Upon the RRC Connection Request, the network shall respond with a RRC Connection Setup / Reconfiguration together with the PUCCH/SRS resource assignment that allows the UE to send scheduling request (SR), CQI/SRS.  As a result, the UE will be able to avoid using the random access procedure continously for requesting uplink grant (especially if PUCCH SR is not reconfigured), and inefficiencies associated with this procedure. 
On the network side, once it receives the RRC Connection Request message with the UE s-TMSI, it may establish a new UE context and purge the old UE context that already exists for the same UE. 
3. Conclusion
It was found that UE RRC State could go mismatched between the UE and the network due to the missing RRC Connection Release message. Given that LTE eNodeB vendors may not always send RRC Connection Release or the message may not make it to the UE, RAN2 is kindly asked to review if the proposed enhanced handling procedure can help the UE recover quickly from such scenario.
Proposal 1:
It is proposed to allow the UE in RRC_CONNECTED state to monitor and respond to the idle mode paging in case the UE finds paging record with its designated S-TMSI.  
Proposal 2:
It is proposed to allow the UE to return to RRC_IDLE state and re-establish with new RRC connection request after detecting LTE uplink out-of-sync.
At this time we would like to request if the two proposals above can be considered for 3GPP Release 10 or earlier given that the problem described is seen in today’s LTE network deployments and very few Network vendors have a solution to this. Release 11 or later releases could be considered for the proposals if the degree of protocol change is considered to be excessive for legacy network/UE implementations though Release 10 or earlier is strongly preferred.
We are happy to draft a CR if the described enhanced handling of the UE uplink Out-of-Sync condition is deemed useful.
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