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1.
Introduction 
This document aims at establishing basic requirements for detection criterion of radio link failure with consideration of carrier aggregation. For this purpose, general concept of radio link failure is briefly revisited. This document also tries to make general assumptions on UE capability regarding failure detection. Based on the general assumption, basic criterion for radio link failure declaration is suggested. 
2.
Discussion
2.1
General assumption for radio link failure concept
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 from the radio link failure. Since LTE Rel-8 UE can consider only a single carrier, it makes sense for the UE to declare radio link failure upon a failure of its serving carrier.

Different from the LTE REl-8 UE, LTE-A UE can be configured with multiple carriers for carrier aggregation. This means that, even 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 does not need to always declare a radio link failure upon the detection of a failure of a single carrier; depending on the importance of the failed carrier, UE need to or need not declare a radio link failure. 

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. 

In this section we try to build up a general statement regarding radio link failure detection. For this purpose, it would be good to review how radio link failure detection is done in LTE Rel-8. Generally speaking, radio link failure detection can be broken down into downlink failure detection and uplink failure detection as follows:
· DL failure detection
· Detected upon consecutive indications of physical layer problem

· UL failure detection
· Detected upon an indication from MAC (RACH failure); or

· Detected upon an indication from RLC (max retransmissions reached)
With this two detection branches (DL and UL), Rel-8 UE declares radio link failure when it detects either of DL or UL to be in failure. Based on these, the basic criterion for radio link failure detection in LTE Rel-8 can be stated as follows:
Basic criterion for RLF detection
· UE declares radio link failure if either uplink or downlink fails.

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 UEs with any release.  
Proposal 1: RAN2 confirms that, as a general rule, UE declares radio link failure if either radio uplink or radio downlink fails.
2.2
Possible assumptions on UE knowledge of its uplink and downlink quality 
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 distinctively 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 distinctively identifying which component carrier for uplink fails

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

Uplink
	Aggregated failure
	Per carrier failure
	Both

	Aggregated failure 
	Option 1
	Option 4
	Option 7

	Per carrier failure 
	Option 2
	Option 5
	Option 8

	*Both
	Option 3
	Option 6
	Option 9


*’ Both’ means UE employs both per carrier failure detection and aggregated failure detection
2.3
Downlink radio link failure aspect


In this section, we first take a look at the DL failure aspect. What we can assume about UE knowledge of its downlink quality is investigated, and then high level criterion on detection of downlink failure is sought for. 
2.3.1
UE’s knowledge on downlink quality 
If we want to set up the criterion on downlink failure detection, we need to have common agreement on how much UE can know about its downlink quality. That is, can we assume the UE to perform either ‘per carrier failure’ detection or only ‘aggregated failure’ detection, or both? 

Per carrier failure detection capability 
It is expected that current DL failure detection mechanism for LTE Rel-8, i.e., based on L1 indication, can be reused to monitor each component carrier. The capability of simultaneous use of several carriers accompanies the capability of monitoring all component carriers which are actually involved in carrier aggregation. With this assumption, the LTE-A UE could distinctively identify which DL CC fails when one of configured DL CC is under failure. 
Benefit of per carrier failure detection 
The benefit of per carrier failure detection is that the frequency of RLF would be decreased by declaring RLF only when it is really RLF. UE would not declare RLF just if it is just a failure of non-essential carrier, in which some other recovery procedure, e.g., case carrier set update procedure can be triggered. 
Proposal 2: For DL failure detection, ‘per carrier failure’ detection shall be supported by LTE-A UEs. 

2.3.2
Criterion of detection of downlink failure 

Proposal 2 is only suggest what we can assume at best regarding the knowledge of its downlink quality from UE perspective. Based on the UE knowledge, we then need to build up criterion on detection of downlink failure. Currently it seems premature to discuss this in detail, since the criterion may be closely related with serving cell concept and carrier type discussion as well, which are yet to be settled out. Instead of deriving detailed criterion, we can suggest a high level criterion based on the proposal 2. Aside from what we need to resolve on CA issues, it seems that there would be essential carrier(s) for any connected UE, e.g., such a carrier providing security parameters and DL control channel. So we propose a high level criterion for downlink failure detection: 
Proposal 3: LTE-A UE declares downlink failure if all essential DL carriers are under failure, where the definition of ‘essential’ carrier is FFS. 
2.4
Uplink radio link failure aspect


In this section, we see the UL failure aspect. What we can assume about UE knowledge of its uplink quality is investigated, and then high level criterion on detection of downlink failure is sought for. 

2.4.1
UE’s knowledge on uplink quality


When it comes to UL failure aspect, things are a bit more complicated than DL failure aspect since we currently have two uplink failure detection mechanisms that can be reused for LTE-A, i.e., from RLC and from MAC. Regarding this, we note the following assumptions on protocol architecture of LTE-A UEs which were agreed at RAN2#66:

· Common RLC over several component carriers 

· Independent entity of MAC per component carrier

‘Common RLC’ implication
Since there is a single and common RLC regardless of the number of configured carriers, LTE-A RRC cannot distinct which uplink component carrier actually fails, when a carrier failure is indicated to UE RRC by the RLC. 
On the other hands, when LTE-A UE does not employ carrier aggregation, the UE only involves a single carrier pair of downlink and uplink as Rel-8 UE does. Then there is no reason for LTE-A UE to use other criterion than the criterion used by Rel-8 UEs on uplink failure detection, i.e., both RLC indication and MAC indication shall be applied.  So it at least aggregated failure detection (RLC indication) needs to be supported by LTE-A UE. 

Proposal 4: For UL failure detection, aggregated failure detection is supported. 

‘Per carrier MAC’ implication 1
If we can rely on independent MAC indication for uplink failure detection, we could make it possible for UE RRC to identify which uplink component carrier fails during RACH transmission, when a carrier failure is indicated to UE RRC by a certain MAC. It should be, however, noted that the details of RACH procedure for CA are not yet decided [1], so the possibility of per carrier detection on uplink may be affected by the result of the RACH discussion. 
‘Per carrier MAC’ implication 2
Currently MAC indications only concerns RACH transmission. If we want to enable per carrier failure detection on the other data transmissions than RACH transmissions, then some new mechanism needs to be devised to detect a carrier failure on MAC level.
Benefit of per carrier failure detection 
The benefit of per carrier failure detection on uplink would be the same as that of downlink as suggested in section 2.3.1. (i.e., decreased RLF)
Taking into account the implication of ‘per carrier MAC’ it seems still premature to decide whether the LTE UE shall support per carrier failure detection. So we yet leave issue as FFS. 
Proposal 5: For UL failure detection, the support of per carrier failure detection is FFS

2.4.2
Criterion of detection of uplink failure
If the proposal 5 is agreed, the following can be suggested as a partial criterion for uplink failure detection:
Proposal 6: LTE-A UE RRC declares uplink failure if RLC transmission failure is indicated to RRC (same as LTE Rel-8)
Regarding per carrier failure detection, it is quite difficult to derive reasonable criterion on detection of uplink failure without clear assumption on UE knowledge of its uplink quality. However just in case we are in favor of the support of per carrier failure detection on uplink, a high level criterion can be considered as follows:
Suggestion 7: LTE-A UE RRC declares uplink failure if all essential UL carriers are under failure, where the definition of ‘essential’ carrier is FFS. 

This is the same as failure detection criterion for downlink in proposal 3.
3.
Conclusion
Regarding radio link failure considering carrier aggregation, followings are proposed:

Proposal 1: RAN2 confirms that, as a general rule, UE declares radio link failure if either radio uplink or radio downlink fails.
Proposal 2: For DL failure detection, ‘per carrier failure’ detection shall be supported by LTE-A UEs. 

Proposal 3: LTE-A UE RRC declares downlink failure if all essential DL carriers are under failure, where the definition of ‘essential’ carrier is FFS. 
Proposal 4: For UL failure detection, aggregated failure detection is supported. (same as LTE Rel-8)
Proposal 5: For UL failure detection, the support of per carrier failure detection is FFS

Proposal 6: LTE-A UE RRC declares uplink failure if RLC transmission failure is indicated to RRC (same as LTE Rel-8)

And just in case we are in favor of the support of per carrier failure detection on uplink, the following can be considered:
Suggestion 7: LTE-A UE RRC declares uplink failure if all essential UL carriers are under failure, where the definition of ‘essential’ carrier is FFS. 
Reference 

[1] R2-095960
Multiple uplink carriers serving RACH
LG Electronics Inc. 
5

