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1 Introduction

In RAN2 #57bis, there are some agreements for RLF detection when a UE is configured with multiple carriers. The agreements [1] are as follows: 
Agreements:

1)  
Problem detection on one CC does not necessarily imply re-establishment triggering

2)  
Re-establishment is triggered if all PDCCH CCs fail
FFS if re-establishment is even triggered under more restrictive conditions (e.g. in case of problems on an even smaller subset of CC’s).

3) 
Re-establishment is triggered when we loose all UL communication

4) 
RLC layer re-establishment triggering remains the same as Rel-8.

Though there are some initial agreements on the RLF, but details are still FFS. In last meeting, separate CC activation and deactivation is agreed. In this paper, Component Carrier Failure (CCF) and Radio Link Failure (RLF) definition is given firstly. Then CCF  monitoring, detection and reporting is discussed. Based on this analysis of CCF, RLF declaration criterion and the process after CCF but before RLF is stated. Finally, some proposals related to CCF and RLF are given. 
2 Discussion
2.1 Failure Level Definition
In CA scenario, multiple CCs may be activated for LTE-A UE. For facilitating the discussion about DL RLF, two failure levels for carrier aggregation is given: 
· CCF (Component Carrier Failure): one of the configured CCs has failed. 
· RLF (Radio Link Failure): all the activated CCs on which they are configured to receive PDCCH have failed. 
2.2 CCF monitoring, detection and reporting
As separate CC activation and deactivation is introduced in CA, there are two states of configured CCs: activated CC and deactivated CC.. 

For efficient power saving, it is agreed in last meeting that it will not have CQI like measurement on deactivated CCs. Further measurement details FFS.  In [2], intra-frequency DRX-like RSRP/RSRQ measurement should be support to do the UL power control and mobility control after the CC is activated. 
Same as the RSRP/RSRQ measurement, when UE monitor the CC failure (i.e. the first phase of RLF in R8), the UE estimates the quality of the cell specific RS of the serving cell over the last 200ms period for a UE in non-DRX and several DRX cycle (e.g. Tevaluate_Qout_DRX or Tevaluate_Qin_DRX period for RLF) for a UE in DRX. After the physical layer get the sampling value, the UE judges Qout or Qin by comparing an averaged quality of the cell specific RS with a block error rate of a hypothetical PDCCH transmission.

· Qout: 10% block error rate of a hypothetical PDCCH transmission;
· Qin: 2% block error rate of a hypothetical PDCCH transmission;
From physical layer sampling point of view, there is no difference between RSRP/RSRQ and Qin/Qout measurement. As the RSRP/RSRQ measurement should be measured on deactivated CC, the RLF could be performed in the same time. There is no extra UE power consumption. 
If RLF monitoring does not be performed in deactivated CCs, once the CC is activated, UE need to start the RLF monitoring same as R8, the RLF detection will consume a lot of time (several hundreds of ms). During this period, if the CC suffers failure, the transmission efficient will be low. Or the CC will be deactivated immediately; this will bring unnecessary signalling overhead. 
Due to the RLF monitoring on deactivated CC could be performed in the same manner of RSRP/RSRQ measurement, it will not bring any extra UE power consumption, we prefer have such measurement on deactivated CCs to ensure the CC is actually available for data transmission after it is activated. 
Proposal 1: Component Carrier Failure monitoring is performed on all configured CCs no matter CCs are activated or not; 

Identical criteria of the first phase in R8 RLF can be reused directly on each PDCCH CC for CCF detection, which implies that N310 for physical layer problem detection is maintained independently on each PDCCH CC. When N310 is reached for one PDCCH CC, T310 for recovery would be started for it. 
Proposal 2: The first phase of the R8 RLF monitoring criteria can be reused directly on each activated PDCCH CC separately in LTE-A.

When one CC is detected the failure, actually the eNB will detect the problem soon. As for the CC failure report, if DL CC has the physical problem, measurement result for mobility (RSRP/RSRQ) would be bad and lower than configured threshold (A2: serving cell becomes lower than absolute threshold), and trigger the RSRP/RSRQ report. Also the CQI can be reported to eNB periodically or periodically. Especially the periodic CQI reporting which is transmitted on the PUCCH reserved resource can be obtained by eNB when communication between UE and eNB has not completely fails. Both CQI reporting or Mobility Measurements can represent the DL radio link condition directly. And no new mechanism is needed for downlink carriers. 

Proposal 3: CCF could be reported to eNB based on CQI reporting or Mobility Measurements without necessity to introduce a new mechanism.
2.3 RLF declaration criterion

Due to the communication between UE and eNB is provided by activated CCs, so it is clear that the RLF declaration should only consider the activated CCs. So according to the agreement made in RAN2 #57bis, the agreement should be modified as: 

Proposal 4: Re-establishment is triggered if all activated CCs on which they are configured to receive PDCCH fail;
2.4 Process after CCF but before RLF declaration
Due to the independent channel condition for RLF, each CC detect failure possibly is not at the same time. For example, in figure 1, the CC1 and CC3 have detected the CCF, but the CC2 is still in the CCF first phase. The carrier earlier detected the CCF will wait a special period (the grey area in the figure1) to declare the RLF. 
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Figure 1: Radio Link Failure in CA
The question is what the UE is expected to do on these CCs (CC1 and CC3) if they have been detected failure? For RSRP/RSRQ measurement, the intra-frequency measurement is needed to trigger event to manage the CCs in configured CC set. 
But for RLF detection, following options can be considered:
Option 1: UE declares CCF without performing RLF detection and recovery on this CC. 

Option 2: UE keeps in the CCF first phase and tries to recover on the failed carriers. This option is something like to prolong the recovery timer T1 of failed CC:
In one hand, since UE have capability to continue measure on these carriers, the Radio link detection and recovery could be allowed. On the other hand, it is not that necessary to do this considering UE has been trying to recovery for a long time (i.e.T1), furthermore if the quality on other carriers is good enough, measurement report would be sent to network and then network will remove corresponding carriers from configured set soon. However option 2 is slightly preferred, it can be discussed further. 
3 Conclusion
This paper investigate RLF mechanism considering carrier aggregation in LTE-A, and following proposals are given.

Proposal 1: Component Carrier Failure monitoring is performed on all configured CCs no matter CCs are activated or not; 

Proposal 2: The first phase of the R8 RLF monitoring criteria can be reused directly on each activated CC on which it is configured to receive PDCCH separately in LTE-A.

Proposal 3: CCF could be reported to eNB based on CQI reporting or Mobility Measurements, without necessity to introduce a new mechanism..
Proposal 4: Re-establishment is triggered if all activated CCs on which they are configured to receive PDCCH fail;
According to proposal 2 and proposal 4, Fig. 2 shows the DL RLF procedure considering carrier aggregation. When the timer T1 on certain carrier is expired and RRC re-establishment does not start, UE keep on detecting and trying to recover on failure carriers. We propose to introduce this figure into 36.300.
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Figure 2: Radio Link Failure in CA
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