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1 Introduction 
This document discusses the detection of radio link failure and the trigger of RRC connection re-establishment in carrier aggregation.
2 Discussion
2.1 When is RLF detected
In release 8, LTE UE is configured with a single carrier and triggers radio link failure upon a failure with the serving carrier. According to 36.331[1], LTE UE triggers radio link failure when detected

>
upon T310 expiry; or

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

>
upon indication from RLC that the maximum number of retransmissions has been reached.

Upon radio link failure detected, LTE UE should initiate the RRC connection re-establishment procedure if AS security has been activated. We can see that in LTE system radio link failure is bound with RRC connection re-establishment. Different from the LTE UE, LTE-A UE can be configured with multiple carriers. It is not reasonable to consider the entire radio link failure and trigger RRC connection re-establishment when one of the configured carriers is detected failure.

It is agreed that common RLC over several component carriers is applied in uplink for LTE-A UE in carrier aggregation according to RAN2 #66. So once LTE-A UE detects indication from RLC that the maximum number of retransmissions has been reached, LTE-A UE shall consider the entire radio link failure is detected and this indication is UE specific.

T310 expiry is based on detection of cell specific reference signals by UE, so if there is cell specific reference signal in the configured carrier, the UE needs to detect its physical layer problem. Once UE detects upon T310 expiry of one of the configured carrier, the UE only considers radio link failure for the specific carrier. 
Several carriers can by configured for LTE-A UE, and some of those carriers may own random access resources. So it is possible for LTE-A UE to perform random access procedure in different carriers. Although it is agreed that LTE-A UE can only perform at most one random access procedure ongoing at any time, it does not preclude that the LTE-A UE can perform random access procedure in order. RAN4 has concluded that separate timing advance commands per component carrier should be allowed [3][4],  which may mean that addition of component carrier for LTE-A UE needs to perform random access. So once LTE-A UE detects upon random access problem indication form MAC, the LTE-A UE only considers radio link failure for the specific carrier. 
Proposal 1: When LTE-A UE detects indication from RLC that the maximum number of retransmissions has been reached, LTE-A UE considers radio link failure is detected and this failure is UE specific.
Proposal 2: When LTE-A UE detects T310 expiry or random access problem from MAC, LTE-A UE considers radio link failure is detected and this failure is carrier specific.
According to the RAN1 agreement, extension carrier may be configured in carrier aggregation. If there are cell specific reference signals or random access resources in extension carrier, LTE-A UE needs to detect radio link failure of the extension carrier. But the configuration and definition of extension carrier is still FFS, this document only discusses radio link failure caused by non-extension carrier.
2.2 When is a re-establishment initiated
In LTE system, radio link failure is bound with RRC connection re-establishment. Once LTE UE considers radio link failure is detected, it shall initiate RRC connection re-establishment procedure. When LTE-A UE is configured with several carriers, there are two alternatives upon serving cell:

Alternative 1: Though there is multiple backward and non-backward compatible component carriers, UE only regards one of them as serving cell, and regards other carriers as resources;

Alternative 2: UE regards all its using backward and non-backward compatible component carriers as serving cells, so there are multiple serving cells for a connected LTE-A UE. 
These two alternatives may have influence upon many UE behaviours, such as system information acquisition, measurement and security algorithm selection. This document only analyzes the influence upon trigger re-establishment. LTE-A UE shall monitor all configured carriers and detect their radio link failure if these carriers own cell specific reference signals.

For alternative 1 or alternative 2, it is necessary to initiate RRC connection re-establishment once LTE-A UE detects UE specific RLF. In this situation, LTE-A UE can not find any available carrier resources to continue service.
For alternative 1, carrier specific RLF may happen in the serving cell or in the resources carriers. So there are 3 optional strategies for LTE-A UE to trigger RRC connection re-establishment:
Option 1: once LTE-A UE detects carrier specific RLF of the serving cell;

Option 2: once LTE-A UE detects carrier specific RLF of the resource carrier;

Option 3: once LTE-A UE detects carrier specific RLF of the serving cell and all resource carriers.

For alternative 1, since there is only one serving cell, it is reasonable that security input and NAS level mobility information is based upon the serving cell. If option 1 happens, it means that common understanding about RRC connection is broken down. There are two solutions to deal with this situation: RRC connection re-establishment and RRC connection reconfiguration. RRC connection re-establishment procedure contains cell selection, system information acquisition, random access procedure and RRC connection reconfiguration, which will cost very long time and cause service interrupt. What is more, it may trigger UE to turn to idle if target eNB is not prepared. In fact, there may be resource carriers for LTE-A UE to become candidate serving cell. Option 1 refuses all reconfiguration possibilities and causes long interrupt, which the users could complain of especially for VOIP service. While RRC connection reconfiguration is performed quickly and does not cause data lose. So it is proposed that once LTE-A UE detects carrier specific RLF of the serving cell, LTE-A UE performs reconfiguration instead of re-establishment.

 For option 2, LTE-A UE can still maintain RRC connection with the network because the serving cell can fulfil all radio functions, so it is unnecessary to initiate RRC connection re-establishment. For option 3, only when the entire radio link is broken down, it is necessary to initiate RRC connection re-establishment. Option 3 takes advantage of the merits of carrier aggregation, and it can make radio interface robust. Once the serving cell or one of the resource carriers is detected for UE specific RLF, LTE-A UE still can continue service without interrupt. It promises good QoS for the users.
For alternative 2, although LTE-A UE regards the configured carriers as multiple serving cells, there may be a “primary serving cell” for security input and NAS level mobility. The detailed analyse can be referred to the document [2]. Based on the different status of the multiple serving cells, there are also 3 optional strategies for LTE-A UE to trigger RRC connection re-establishment:
Case 1: once LTE-A UE detects carrier specific RLF of the primary serving cell;
Case 2: once LTE-A UE detects carrier specific RLF of other serving cells;

Case 3: once LTE-A UE detects carrier specific RLF of all serving cells.

For case 1, it is proposed to trigger RRC connection reconfiguration due to the same reason as description above for option 1. The network can configure another serving cell to act as primary serving cell. For case 2, it may be subject to trigger RRC connection re-establishment and have a bad influence on radio bearers of the LTE-A UE. For case 3, it shall initiate RRC connection re-establishment because LTE-A has lost connection with the network.
Based on the analysis above, we can come to the conclusion of the following chart:
	
	Re-establishment Trigger condition
	Conclusion

	Alternative 1

One serving cell
	Upon carrier specific RLF of the serving cell
	Through reconfiguration if there is at least one candidate serving cell

	
	Upon carrier specific RLF of the resource carrier
	Do not trigger

	
	Upon carrier specific RLF of the serving cell and all resource carriers
	Trigger

	
	Upon UE specific RLF
	Trigger

	Alternative 2

Multiple serving cell
	Upon carrier specific RLF of the primary serving cell
	Through reconfiguration if there is at least one candidate primary serving cell

	
	Upon carrier specific RLF of other serving cells
	Do not trigger

	
	Upon carrier specific RLF of all serving cells
	Trigger

	
	Upon UE specific RLF
	Trigger


Proposal 3: Once LTE-A UE detects UE specific RLF, it shall initiate RRC connection re-establishment procedure.

Proposal 4: Once LTE-A UE detects carrier specific RLF of all configured carriers, it shall initiate RRC connection re-establishment procedure.

Proposal 5: For option 1 or case 1, it is proposed to perform RRC connection reconfiguration if there is candidate serving cell or candidate primary serving cell.
3 Conclusion 
This paper presented the following proposals:

Proposal 1: When LTE-A UE detects indication from RLC that the maximum number of retransmissions has been reached, LTE-A UE considers radio link failure is detected and this failure is UE specific.
Proposal 2: When LTE-A UE detects T310 expiry or random access problem from MAC, LTE-A UE considers radio link failure is detected and this failure is carrier specific.
Proposal 3: Once LTE-A UE detects UE specific RLF, it shall initiate RRC connection re-establishment procedure.
Proposal 4: Once LTE-A UE detects carrier specific RLF of all configured carriers, it shall initiate RRC connection re-establishment procedure.
Proposal 5: For option 1 or case 1, it is proposed to perform RRC connection reconfiguration if there is candidate serving cell or candidate primary serving cell.
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