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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.
2
Discussion
Bandwidth aggregation may operate with backward compatible component carriers [4]. These carriers are accessible to UEs of all LTE releases, and can be operated stand-alone or as a part of carrier aggregation. With backward compatible component carriers each active component carrier operates with PDCCH as in LTE release 8. 

In RAN1#57 it was agreed as a baseline to define “Separate coding of DL assignments and UL grants for each component carrier based on DCI format(s) for single carrier with an additional carrier indicator field of 0-3 bits” [5]. Therefore it is possible that a PDCCH on one component carrier may provide DL assignments on other component carriers. These other extension component carriers [4] must be a part of a component carrier set where at least one of the carriers in the set is a stand-alone-capable carrier. This allows for the possibility to have component carriers without PDCCH.

The concept that a UE declaring RLF is at least dependent on the availability of PDCCH needs to be maintained. At RAN2 #66 it was agreed carrier aggregation will “support deployments where the cells on the different CC’s have different coverage while still coming from the same eNB” [6]. Therefore it is possible that PDCCH reception on a subset of the DL component configured for PDCCH reception may fail while other component carriers have operational PDCCH reception. In this case since the UE has not lost its signaling connection to the network it would not be appropriate for the UE to declare RLF and initiate RRC Connection Reestablishment [7] [8].

It is possible that component carriers in which the UE is not configured to receive PDCCH are operating correctly, but all component carriers configured for PDCCH reception have failed. In this case since the UE has lost its signaling connection to the network the UE must declare RLF and initiate RRC Connection reestablishment.

Proposal 1: All component carriers configured for PDCCH reception must fail for RLF to be declared.
It seems like most of the LTE release 8 procedures could be reused for bandwidth aggregation when a UE is configured to receive more than one DL component carrier. 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.
As pointed out above it has been agreed that DL component carriers may have different coverage areas [6], and it is therefore possible that a subset of component carriers may fail while other operate successfully. For proper operation the eNB needs to be aware of failed component carriers [7] [8]. When a subset of the component carriers configured for PDCCH reception has failed the eNB needs to deactivate PDCCH transmissions for the affected UE. 

eNB notification of failed component carriers could be by either explicit signaling or implicit eNB detection [7]. Explicate signaling could be provided by PUCCH (CQI report / code point), MAC CE or RRC reporting. Implicit detection could be based on HARQ feedback or DTX CQI reports, but these events may also be symptoms of UL transmission problems or when PDCCH assigns PUSCH on another component carrier (i.e. with the carrier indicator) could be due to a PDSCH component carrier transmission problem. Implicit eNB detection will also result in some additional delay relative to explicit signaling
Proposal 3: When a subset of component carriers configured for PDCCH reception has failed explicit signaling is used to inform the eNB.
The current LTE release 8 RLF detection criterion considers only PDCCH reception. There is no criterion in the UE for detecting failure of component carriers that are not configured for PDCCH reception (i.e. component carriers with PDSCH assignments received on other component carriers). Similar to failure of component carriers with PDCCH reception the eNB could become aware of the failure with explicit signaling or implicit eNB detection. CRS detection or PUSCH reception requirements could be defined, or the eNB could implicitly detect from HARQ and CQI feedback.
Proposal 4: RAN2 should consider if the eNB will detect failure of component carriers that are not configured for PDCCH reception by explicit signaling or implicit eNB detection.
3
Conclusions
Proposal 1: All component carriers configured for PDCCH reception must fail for RLF to be 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.

Proposal 3: When a subset of component carriers configured for PDCCH reception has failed explicit signaling is used to inform the eNB.

Proposal 4: RAN2 should consider if the eNB will detect failure of component carriers that are not configured for PDCCH reception by explicit signaling or implicit eNB detection.
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