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1. Introduction
In RAN 2 meeting#67bis, the DL Radio Link Failure (RLF) detection was discussed and the agreements on the DL RLF are as follow:

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).

In this contribution, we study further the implication of the above 2 agreements.

2. Discussion
In LTE, the radio link monitoring consists of monitoring the DL radio quality of the serving cell and providing in-sync and out-sync indications to the RRC depending on whether radio quality of the serving cell is above or below the quality thresholds. Upon reception of N310 consecutive out-sync indications, RRC detects physical layer problem and starts the timer T310 to see whether L1 can resolve the physical layer problem. If N311 number of in-sync is received before T310 expires, the physical layer problem is recovered. Otherwise, when T310 expires, RRC considers RLF is detected and initiates RRC Connection Reestablishment procedure. 
In Carrier Aggregation, UE may be configured with multiple DL CCs and may have multiple activated DL CCs.  Each of these activated DL CCs can be seen to be a radio link.  If this can be assumed, then the radio link monitoring can be performed on each activated DL CC and the in-sync and out-sync can be provided to the RRC on every activated DL CC.  This assumption is in line with the first agreement that layer 1 problem of each CC is detectable. 
Assumption#1:  It is assumed that the current Rel-8 radio link monitoring can be extended to perform on each activated DL CC basis.

With this assumption, the RRC will receive in-sync and out-sync from each of the activated DL CCs.  The next question is when should the RRC consider there is no chance of DL communication recovery?
To answer this question, we define two stages for RLF detection in multiple CC scenarios:
· Stage 1: Physical Layer Problem on CC level

· Stage 2: RLF on DL level where all activated DL CCs are RLF.

In stage 1, physical layer problem is detected on each CC based on the current N310 and the recovery of the physical layer problem is based on N311.  The RRC can maintain a common or separate N310 and N311 for each DL activated CCs. The detailed Stage-1 procedure can be described as:
· On receiving consecutive N310 number of out-sync indication from an activated DL CC, physical layer problem is detected on the DL CC.
· On receiving consecutive N311 number of in-sync indication, the physical layer problem is considered recovered.
· The activated DL CCs with the physical layer problem maybe deactivated or removed by the eNB based on CQI or other mobility measurement after physical layer problem is detected on the DL CC.

In stage 2, when the last activated DL CC is having physical layer problem, the RRC knows that DL communication is lost.  At this point, the UE can start the T310 to see whether there is any chance that one of the activated DL CCs will recover (i.e. consecutive N311 number of in-sync indication) within this time. During this time, if at least one activated DL CC recovered, T310 is stopped and DL communication is resumed. After the expiry of T310 with no activated DL CC recovered, the RRC considers DL RLF is considered by RRC and triggers the RRC Connection reestablishment procedure. 
We have shown a simple way of extending the current DL radio link failure mechanism to carrier aggregation.  The followings are a set of proposals:
Proposal 1: It is proposed that N310 and N311 shall be counted on each activated DL CC and their values can be common or separate for each activated DL CC.
Proposal 2: It is proposed that the UE RRC shall only consider DL RLF when all the activated DL CCs are having physical layer problem (all DL CCs with N310 out-sync indication).  This is in line with the previous agreement.
Proposal 3: It is proposed that the T310 timer is only started when the last activated DL CC is in physical layer problem (the last activated DL CC with N310 out-sync indication). 
3. Conclusion

RAN 2 is requested to discuss the assumption and proposals below:
Assumption#1:  It is assumed that the current Rel-8 radio link monitoring can be extended to perform on each activated DL CC basis.

Proposal 1: It is proposed that N310 and N311 shall be counted on each activated DL CC and their values can be common or separate for each activated DL CC.

Proposal 2: It is proposed that the UE RRC shall only consider DL RLF when all the activated DL CCs are having physical layer problem (all DL CCs with N310 out-sync indication).  This is in line with the previous agreement.

Proposal 3: It is proposed that the T310 timer is only started when the last activated DL CC is in physical layer problem (the last activated DL CC with N310 out-sync indication). 
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