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1. Introduction
In the LTE system, the procedure of radio link failure (RLF) detection is designed to detect the radio link quality for connected mode UE to determine when to re-establish the connection upon failure and retrieve the on-going transmission. In the LTE-A system, the introduction of multiple aggregate-able component carriers (CC) brings more than one radio link and that will also brings challenges for RLF detection. In this contribution, we will address the issue of RLF detection in carrier aggregation (CA) and try to provide some solutions.
2. Discussion
2.1. RLF in LTE
In LTE systems where each cell is formed by one carrier, UE accesses the network through one carrier and transmits/receives data on this carrier. The whole RLF detection process is based on the following events triggering [TS36.331]:
	1>
upon T310 expiry; or

2>
upon random access problem indication from MAC while neither T300, T301, T304 nor T311 is running; or

3>
upon indication from RLC that the maximum number of retransmissions has been reached,
radio link failure will be considered by UE to be detected. In event 1>, T310 is a timer configured in the detection procedure of physical layer problems, and its on/off mechanism is depicted as follows:

a>
Upon receiving N310 consecutive "out-of-sync" indications from lower layers while neither T300, T301, T304 nor T311 is running, UE shall start timer T310;
b> Upon receiving N311 consecutive "in-sync" indications from lower layers while T310 is running, the UE shall, UE shall stop timer T310.


2.2. RLF in LTE-A
2.2.1 RLF detection
Compared with the LTE system, in the LTE-A system which has multiple CCs, UE in connected mode may work simultaneously on several CCs to meet its high date-rate requirement. From a statistical point of view, each working CC may be subject to radio link failure of its own. Unlike in the LTE system where one carrier’s RLF detection means the whole UE’s radio failure, we think that one CC’s link failure does not necessarily and always trigger the immediate declaration of the whole UE’s failure in the LTE-A system. This understanding is also supported in [1] and [2] at RAN2#66bis meeting. Meanwhile, as multiple CCs are invisible to the RLC layer, when RLC error occurs, it means the RLF detection of the UE. Only UE’s RLF needs to be recovered through RRC connection reestablishment procedure.
Proposal 1: Detection of radio link failure is based on UE.
2.2.2 PHY layer RLF triggering
2.2.2.1 Radio link monitoring in CA
With multiple CCs working simultaneously, radio link monitoring can be carried out in two ways, i.e. per CC monitoring and per UE monitoring. 
· Alt1: Per CC monitoring. In this scheme, each CC maintains its own T310 timer and carries out radio link monitoring independently. It is compatible with Rel-8 PHY layer procedures to the most extent. Upon detecting the failure of one CC, its “out-of-sync” indication will be sent to the RRC layer for subsequent treatment. 
· Alt2: Per UE monitoring. This scheme puts joint multiple CCs monitoring within the PHY layer. That is, during the process of radio link monitoring, all CC’s measurement results can be joined together and then are compared with a pre-defined threshold to decide whether to send a single “out-of-sync” indication to the RRC layer. The management over multiple CCs’ measure results and comparison with the threshold can be done based on different design criteria. For example, take the measurement result of CC with the best radio link quality (which may correspond to the CC linked with the serving cell) or take the worst quality CC (which is suitable to the case where all CCs work in an equally important way) for comparison. 
Comparing the above listed two alternatives of radio link monitoring, per CC scheme bears perfect compatibility with LTE PHY layer protocols and leaves judging flexibility on RRC layer. It also facilitate the configuration of UE’s CC set utilizing each CC’s radio link quality. Per UE scheme keeps the RRC part unchanged, but meanwhile it increases the complexity of PHY layer protocols, in terms of new mechanism’s introduction, parameter configurations, and coordination issues over possibly different DRX modes on different CCs. Joint CC monitoring also kill CC’s individuality, which may reduce the flexibility of CC configuration and management. Based on the above analysis, our preference will go towards per CC monitoring scheme.
Proposal 2: Radio link monitoring is based on each CC.
2.2.2.2 RLF detection based on Radio link monitoring

With perfect compatibility with Rel-8 PHY layer procedures, per CC radio link monitoring will yield per CC failure report. Then the next question is how RLF would be declared based on the received CC report. Following list some alternatives.
Alt 1: Only all CCs’ failure can lead to the declaration of UE’s RLF;

Alt 2: Only all PDCCH CCs’ failure can lead to the declaration of UE’s RLF;

Alt 3: In the case of one serving cell, when serving cell fails, RLF will be declared for the UE. 
Among the above listed three alternatives, alt 2 differs from alt 1 in that it only focuses on the PDCCH CC failure report. In Rel-8, radio link is evaluated according to some criterion on PDCCH reception, referred to as a certain block error rate. Considering PDCCH 1b operation in CA, PDSCH only CC (from the UE side) may have no need or means to perform link monitoring. So we think alt 2 makes more sense. As for alt 3, it is closely linked with the ongoing email discussions on the definition and functionality of serving cell [3]. Two possible treatments are noted here. One is that, changing serving cell always happens before the event of current serving cell’s PHY layer RLF, and so serving cell’s failure will trigger the UE’s RLF. The other is that, serving cell’s failure does not necessarily lead to UE’s failure. Before UE’s failure is declared, more things could be done, such as changing another serving cell. Anyway, this is up to the discussion result of serving cell behaviour.
Proposal 3: UE’s RLF should be triggered by all PDCCH CCs’ failure, and RAN2 is asked to consider the handling issue of serving cell’s failure.
2.2.3 MAC layer RLF triggering
In Rel-8, MAC layer RLF triggering is linked with the event of maximum RA retransmission number reached, which is restricted within the serving cell due to its single carrier nature. However, in Rel-10, situations may be different, and this problem is closely related to the on-going discussion on RA procedure in multi-carrier system, which is referred to as whether changing CC is allowed during the RA procedure. 
In Rel-8, to achieve certain successful probability, one RA procedure can experience many times retransmission when needed. With possibly configuring multiple PRACH resources on multiple CCs in Rel-10, one CC’s RA failure does not necessarily terminate the whole RA attempt, since other PRACH-able CCs may still have chance to succeed. Therefore, we should take into account the multiple CC factor to further improve the RA successful rate in Rel-10. At this point, we tend to keep a single CC’s RA failure within the MAC failure and not to report it to the RRC layer. Only when MAC layer reports the RA problem indication (which may or may not have tried all configured PRACH CCs, depending on the final agreed RA solution), can RLF be declared, and RRC reestablishment is then trigged. In this way, RRC layer RLF procedure remains unchanged, and good compatibility is kept.  
Proposal 4: RRC layer detects RLF based on the RA problem indication reported by MAC, which is compatible with Rel-8.
Proposal 4bis: It is proposed to consider the definition of MAC RA problem indication for RLF in the discussion of MAC RA procedure.
2.2.4 RLC layer RLF triggering
Since multiple CCs are invisible to RLC layer, it would be reasonable to keep the same trigger in RLC layer as LTE.

Proposal 5: RLC layer RLF report remains the same as Rel-8.
3. Conclusion

This contribution presents the following proposals:
Proposal 1: Detection of radio link failure is based on UE.
Proposal 2: Radio link monitoring is based on each CC.
Proposal 3: UE’s RLF should be triggered by all PDCCH CCs’ failure, and RAN2 is asked to consider the handling issue of serving cell’s failure.
Proposal 4: RRC layer detects RLF based on the RA problem indication reported by MAC, which is compatible with Rel-8.

Proposal 4bis: It is proposed to consider the definition of MAC RA problem indication for RLF in the discussion of MAC RA procedure.

Proposal 5: RLC layer RLF report remains the same as Rel-8.
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