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1.
Introduction 
This document aims at establishing requirements for detection criterion of radio link failure. For this purpose, general concept of radio link failure is briefly revisited. Available options on how to detect radio link failure are suggested, in relation to desired UE functionalities
2.
Discussion
2.1
Concept of Radio link failure considering carrier aggregation
Rel-8 UE monitors radio link problem/failure only over a single carrier, i.e., a serving carrier. So if the UE experience serious radio link problem over the carrier, then it shall declare a radio link failure and initiate recovery procedure to recover the radio link failure. In short, for LTE Rel-8, it makes sense for UE to declare radio link failure upon a failure of its serving carrier since it has only a single carrier. 

Different from the LTE REl-8 UE, LTE-A UE can be configured with multiple carriers for carrier aggregation. This means that, when the UE detects a failure of a certain CC, it may have another CC(s) still available for continuing on-going connection with its serving eNB. As long as the UE can communicate with its serving eNB, then UE should not always declare a radio link failure upon the detection of a failure of a carrier. 
In principle UE should declare radio link failure only when it is sensed that transmission/reception can be no longer supported without performing recovery procedure. Following this principle, it would be natural that if one or more carrier carriers are used for carrier aggregation, a failure of a single component carrier should not always lead to a radio link failure. 
Proposal 1: A failure of a single component carrier should not always lead to a radio link failure

2.2
General assumption for radio link failure concept
LTE Rel-8 UE can use at most a single carrier for its transmission/reception. So the basic criterion for radio link failure detection in LTE Rel-9 is straightforward:
Basic criterion for RLF detection
· UE declares radio link failure if either uplink or downlink fails.

To build up a general criterion for radio link failure detection to be used in LTE-A, we note that, regardless of how many component carriers comprise downlink or uplink, the concept of uplink and downlink itself does not change at all. This means, once either downlink or uplink fails, UE should not be able to communicate further with its serving eNB and should initiate recovery procedure. Therefore we assume that the basic criterion for radio link failure detection is universal for any release.  
Proposal 2: As a general assumption. UE declares radio link failure if either radio uplink or radio downlink fails.
2.3
Radio link failure detection criterion considering carrier aggregation
For LTE-A UE capable of using multiple carriers for carrier aggregation, we should define the criterion by which downlink failure or uplink is detected. It would be good to consider how radio link failure detection is done in LTE Rel-8, and check if such existing mechanism can be applied to radio link failure detection for LTE-A.

Generally speaking, following criteria are applied for Rel-8 radio link failure detection:

· DL failure

· Detected upon consecutive indications of physical layer problem

· UL failure

· Detected upon an indication from MAC

· Detected upon an indication from RLC

We first take a look at the DL failure aspect. Since carrier aggregation-supporting UE would be able to monitor several carriers at the same time, current DL failure detection mechanism can be reused to monitor each component carrier. This means when one of downlink component carriers fails, UE can exactly identify which component carrier fails. So it would be reasonable that LTE-A UE should be able to identity which downlink actually fails, if one of downlink component carriers fails. 
When it comes to UL failure aspect, we note that common RLC over several component carriers was agreed in RAN2 #66 while the independent entity of MAC per component carrier was agreed. This would mean that, in case we want to reuse Rel-8 RLC indication for UL failure detection for LTE-A, the UE could not identify which uplink component carrier fails when one of uplink component carriers fails. On the other hands, if we can rely on MAC indication, which could be what is currently existing or something new, we could allow UE to identify which uplink component carrier fails, when one of uplink component carriers fails. Depending on which mechanism we’ll take for UL failure detection, UE could be either capable of identifying which component carrier is failing or incapable of such identification. 
Depending on whether UE is capable of identifying the carrier which is under failure for uplink/downlink, we have several options for radio link failure detection. To facilitate this discussion, we prefer to use two high level terminologies:

· For radio uplink/downlink failure detection, 

· Aggregated failure: this refers to the declaration of radio uplink/downlink failure, where UE is incapable of exactly identifying which component carrier for uplink/downlink fails, respectively
· Per carrier failure: this refers to the declaration of radio uplink failure, where UE is capable of exactly identifying which component carrier for uplink fails

Based on these terminologies, available options are suggested for LTE-A downlink / uplink failure detection:
	· Option1. 

· DL failure: Based on Aggregated failure

· UL failure: Based on Aggregated failure


	· Option2 

· DL failure: Based on Aggregated failure

· UL failure: Based on Per carrier failure

	· Option3 

· DL failure: Based on Per carrier failure
· UL failure: Based on Aggregated failure

	· Option4
· DL failure: Based on Per carrier failure
· UL failure: Based on Per carrier failure


	
	


Option 1 & 2 can be presumably eliminated since LTE-A UE is expected to be already able to perform per carrier failure detection of DL. 

Regarding option 3 & 4, we consider that UE may perform component carrier update procedure when some component carrier experiences failure. In this case, the information on failed carrier would be good guidance for efficient update of component carriers for the UE. 
In case option 3 is followed, we could reuse existing uplink failure detection mechanism, i.e., RLC indication. 

If we go for the option 4, we should make it possible for UE to identify the failed component carrier for uplink as well. 
Proposal 3: For DL failure detection, ‘per carrier failure’ based approach is used. For UL failure detection, it is FFS which approach should be used. 

Details of failure condition of uplink and downlink are FFS.
3.
Conclusion
Regarding radio link failure considering carrier aggregation, three proposals are again presented:

Proposal 1: A failure of a single component carrier should not always lead to a radio link failure

Proposal 2: As a general assumption. UE declares radio link failure if either radio uplink or radio downlink fails.

Proposal 3: For DL failure detection, ‘per carrier failure’ based approach is used. For UL failure detection, it is FFS which approach should be used.
The details of how to detect radio uplink failure is FFF. The details of how to detect radio downlink failure is also FFS. 
