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1
Introduction
In LTE release 8 Radio Link Failure (RLF) detection procedures consider a single DL carrier. Radio link quality is measured as a hypothetical PDCCH error rate considering PCFICH errors with an assumed transmission configuration. The UE monitors DL radio quality against quality thresholds Qin and Qout [1] every frame or during DRX Active Time if DRX is configuration is applied. The physical layer then provides in-sync and out-sync indications [2] to the RRC entity when the quality thresholds are exceeded. Upon reception of N310 consecutive out-sync indications, the RRC [3] detects a radio link problem and starts a recovery timer T310. If T310 expires before N311 consecutive in-sync indications are received RLF is declared and a RRC Connection Reestablishment procedure may be applied. While the recovery timer T310 is running radio link quality is monitored continuously regardless of DRX state.
With the introduction of Carrier Aggregation in LTE Advanced a UE may be configured to receive on multiple DL carriers. In this contribution we discuss how existing RLF procedures could be modified to support more than one DL carrier. Specifically we review the need for per carrier monitoring procedures and if more restrictive requirements (i.e. less cells…) for declaring RLF are needed.

2
Discussion
Per Carrier Monitoring
At RAN2 #67bis per CC monitoring was questioned. The UE for example could determine in & out of sync indications for a group of CCs rather than per CC. Using this approach, radio link failure would only be declared upon failure of all CCs. However, it would then not be possible to distinguish failures or recoveries of particular CCs. There would for example be cases where high quality from one CC would hide the failure of several other CCs. Such situations would be likely, especially in scenarios where different DL CCs have different coverage areas. 
Proposal 1: Detection of failure and recovery is on a per-carrier basis
Fortunately, the monitoring of the radio link on a per-carrier basis can be realized by reusing much of the existing Release 8 procedures of radio link monitoring.
The UE could evaluate quality thresholds Qin and Qout, generate in-sync and out-sync indications, and apply sync counters and recovery timers independently for each component carrier. If T310 expires before N311 consecutive in-sync indications on each component carrier configured for PDCCH reception RLF is declared. 

Proposal 2: Existing LTE release 8 radio link monitoring criteria (i.e. N310, T310, N311…) is applied independently on each component carrier configured for PDCCH reception.
Criteria for declaring radio link failure
At RAN2#67bis it was agreed that RLF is triggered if all carriers configured with PDCCH fail. It was left for further study whether RLF should also be triggered under less stringent conditions. One possible condition that has been suggested is to declare RLF as soon as the carrier corresponding to the “special cell” fails, regardless of the quality of other carriers.
When radio link failure occurs in R8, the UE performs the cell reselection (i.e. 36.304) and RRC connection reestablishment (i.e. 36.331). In R10 if the UE is configured with multiple carriers, the agreed user plane architecture allows the network (and UE) to use any of the downlink and uplink carriers to transmit any bearer, including signaling radio bearers.

While the UE is still in communication with the network there seems no reason to perform cell reselection. As long as at least one DL carrier with PDCCH and a corresponding UL carrier are available the UE the network should remain in control of UE mobility.
RRC connection re-establishment, consists essentially of resuming SRB1 operation. As long as SRB1 operation is not interrupted there does not seem to be any reason to invoke a procedure whose goal is to “resume” it. 
Proposal 3: Failure of the carrier corresponding to the “special cell” or any subset of the active downlink carriers does not trigger cell reselection and RRC connection re-establishment as long as the UE has not lost communication with the network.
Actions upon failure and recovery of a DL CC
Depending on which DL CC fails the UE and network may take different actions. For example when the special cell CC fails a new carrier may have to be determined as the special cell. When other DL CCs fail it may only be necessary to suspend operation on these carriers, or eventually remove them from the configuration. It is desirable that the network detects the failure condition as soon as possible and that it is as much as possible synchronized with the UE. Such detection could be implicit based on HARQ feedback or absence of CQI reports, but this type of detection is not entirely reliable (e.g. absence of CQI reports could also be due to UL problems). For this reason explicit signaling from the UE seems preferable.
Proposal 4: Explicit signaling from the UE is used to ensure detection of DL CC failure by the network
Another aspect to consider is the recovery of DL CC’s that have previously failed (i.e. for which T310 had expired). It is possible that a DL CC that has failed becomes suitable again later, based on changes of path loss and/or interference. The network needs to know at what point operation on these carriers could resume. This could be possibly be based on CQI reports, RRC measurements or other signaling, but the details of which mechanism(s) can work may depend on the outcome of discussions in other areas.
Proposal 5: Mechanism(s) for resumption of operation on failed carriers need to be identified









