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1 Introduction 
RAN2 #67bis discussed mechanisms for Radio Link Failure detection when a UE is configured with multiple carriers. Some agreements where made, summarized in ‎[1] as follows: 

Detection of failure of one CC by the UE does not necessarily trigger a connection re-establishment. RRC connection re-establishment triggers at the UE include: 

1)
The failure of all CCs on which the UE is configured to receive PDCCH;

NOTE:
FFS if re-establishment is triggered under more restrictive conditions (e.g. in case of problems on a smaller subset of CC’s).

2)
The loss of all UL communication;

NOTE:
The conditions under which all UL communications are said to be lost are FFS.
3)
The indication from RLC that the maximum number of retransmissions has been reached (as in Rel-8).
In this contribution, we strive to progress on issues related to RLF.  
2 Discussion 

The purpose of declaring a Radio Link Failure is to allow a connected UE to try to recover its RRC connection trough cell re-selection and a connection re-establishment attempt. Clearly, the re-establishment attempts is UE specific and not carrier-specific, why an RLF should only be declared when the UE finds that it fails to communicate with the eNB, either in the UL or the DL. UE problems that can be detected from the network-side do not need to trigger any re-establishment attempt. For example, if a single DL carrier turns useless, the network should be able to detect this e.g. by identifying that the UE does not respond adequately to assignments on that DL, or that all transmission attempts on that DL fail.

This principle was already established for the DL case (“The failure of all CCs on which the UE is configured to receive PDCCH”). Further refinements of the DL criteria may be needed e.g. if RAN1 decides in favour of a special “anchor” carrier, which is more important to receive compared to other DL carriers. 

Here, we now take a closer look into the UL aspect, and the “reporting of problems” at times when parts of the carriers are operable, but some carriers are found to be inoperable. 
2.1 Detection of UL problems

A Rel-8 UE declares an RLF if the Random Access procedure fails. This is described in TS 36.321, Clause 5.1.4, where a UE indicates a Random Access problem to RRC if the preamble transmission counter exceeds the configurable counter preambleTransMax. Based on this indication, RRC then declares an RLF. 
We think that UL problems should be indicated to RRC only when the UE has exhausted its RA opportunities, regardless of whether the UE is configured with multiple RA resources (possibly on separate carriers) or not. I.e. we subscribe to the principle that UL declarations of problems are per-UE rather than per-carrier: 

Proposal 1: MAC shall declare UL problems to RRC when the UE has exhausted its RA opportunities on all carriers providing RA opportunities to this UE.

Additional aspects related to Random Access for Carrier Aggregation can be found in our companion contribution ‎[2]. 
2.2 Quality measurements of CCs
As discussed above, an RLF is issued when the communication between the UE and eNB is lost. However, it is possible that carriers are subject to different coverage and interference situations, and it could happen that the quality of one carrier degrades severely even if the connectivity remains. For such radio link problems, we can identify a couple of different cases, as summarized in the following bullets: 
1. If the quality on a non-PDCCH carrier degrades, we can rely on CQI and/or mobility measurements.
2. If the quality on a PDCCH carrier degrades, eNB needs to be informed. In RAN2, it is still FFS if CQI and/or mobility measurements are sufficient for the purpose.

3. It remains unclear if there is any need for special handling of the “special/anchor” carrier. 

4. If the quality of all PDCCH carriers fails, we declare RLF and trigger re-establishment (already agreed).
For the situations, where there are problems on a subset of the DL carriers, we believe that existing measurements and reporting mechanisms, including CQI and mobility measurement reports, provide a sound basis for acknowledging the network of the experienced problems. 

Proposal 2: Reporting of link problems of individual carriers that does not lead to RLF detection shall be based on the existing CQI and mobility measurement solutions. 
2.3 Counter handling
The Rel-8 model for radio problem detection relies on counting N310 consecutive “out-of-sync” (and N311 “in-synch”) indications from L1, such that the timer T310 is started (or stopped, respectively) if a radio problem is identified (Clause 5.3.11 in RRC). 

From a L1 perspective, it is most straightforward to expand this Rel-10 model such that the “synch” state is evaluated independently for each DL carrier. Aggregating the “synch” indications from multiple L1 instances (that may monitor the link quality in different bands) appears very complex and not desirable. 
For this reason, we favor a simple Rel-8 model where the counting of “out-of-sync” and “in-synch” indications on L3 is separate for each carrier that is subject to the physical layer problem monitoring
: 
Proposal 3: The counting of consecutive “out-of-synch” and “in-synch” indications from L1 shall be performed independently on each DL carrier that is subject to physical layer problem monitoring. 

3 Summary
The present document discusses solutions for radio link failure detection for LTE Rel-10 with carrier aggregation. We ask RAN2 to consider the three proposals above. 
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� We acknowledge that the existence of an ”anchor” carrier is still FFS, and assume for now that all carriers upon which the UE currently monitoring PDCCH is within the set of DL carriers subject to this radio quality monitoring. 
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