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1 Introduction

The LTE radio link failure procedure is a procedure in the UE, as outlined in the figure below, see also ref [8], [3], [2] and [1]. 
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Figure 1
In last meeting, there are some contributions discuss about RLF in [4], [5], [6] and [7]. In LTE R8 RLF detection mechanism includes downlink and uplink as following:
In downlink, the RLF detection depends on physical layer. Physical layer could detect DL channel quality and report in-sync or out-of-sync to RRC layer. And in RRC layer, there is a timer T310 and a count N310 to monitor whether RLF happens.
In uplink, there are two ways to detect RLF in UE. First, RLC indicate the maximum number of retransmissions has been reached. Second, random access problem indication from MAC while neither T300, T301, T304 nor T311 is running. When RRC receive indication from RLC or MAC, RRC consider the UL RLF detected, RRC will initiate the connection re-establishment procedure.
In this contribution, we analyze the RLF detection in LTE-A from several aspects.
2 Discussion
2.1 Failure Level Definition
In LTE, there is only one CC in DL with radio resource assignments. Thus, once the CC has been detected failure, commutation with serving cell has been interrupted. UE must initiate RRC connection re-establishment. 

In CA scenario, multiple CCs may be activated for LTE-A UE. If part of activated CCs has fails, UE can still communicate by other normal operated CCs. eNB can also send RRC connection reconfiguration message to UE to modify RRC configuration. For clarification, we propose to define two failure levels for carrier aggregation: 
· CC Failure: one of the activated CCs has failed. 

· Radio Link Failure: all the activated CCs have failed. 
2.2 Serving cell and RLF

We are discussing the CA terminologies about serving cell definition by email. We have two options, only one serving cell or multiple serving cells.
· Case1: only one serving cell

If there is only one serving cell in a CA cell with carrier aggregate. In Figure 2 below, UE has four CCs in service, and the CC2 is the serving cell. When RLF was detected on CC2, can we consider the whole CA cell was RLF and RRC have to initiate the connection re-establishment procedure? We have two options:

· Option1: once the serving cell was detected RLF, RRC initiate the connection re-establishment pro-cedure.

In this option, we ignore the quality of other connected CCs, even if there are several services are running very well on others CCs. RRC enforce to initiate the connection re-establishment procedure. This is seems like what happened in DC-HSPA. This option will bring unnecessary connection re-establishment procedure.

· Option2: once the serving cell was detected RLF, change another CC as the serving cell.

We need to change the serving cell to CC3 for the specific UE. It could be selected by UE itself according to the measurement result, or reconfigure by eNB through signalling. However, such serving cell change should not cause L2 reset, because PDCP/RLC has not knowledge about carrier aggregation.
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Figure 2
· Case2: multiple serving cells
If there are multiple serving cells in a CA cell with carrier aggregate, one of which is detected to be fail, but the others are running well, there is only need to report the information to eNB by some signalling and no connection re-establishment procedure is needed. In figure 3, we depict the situation mentioned above. There are two serving cell in CA cell, if serving cell in CC2 is suffering RLF, there is still exist another serving cell on CC3, the normal operation will not be influenced.
Based on above discussion, we have following proposal:

Proposal 1: All configured CCs should be monitored for failure detection regardless there is one or multiple serving cells. When a configured CC becomes non-usable, eNB should be able to know that through certain diction rule or UE report.

If DL CC has the physical problem, measurement result for mobility (RSRP/RSRQ) would be bad and lower than configured threshold (A2: serving cell becomes lower than absolute threshold), and trigger the RSRP/RSRQ report. Also the CQI can be reported to eNB periodically or aperiodically. Especially the periodic CQI reporting which is transmitted on the PUCCH reserved resource can be obtained by eNB when communication between UE and eNB has not completely fails. Both CQI reporting or Mobility Measurements can represent the DL radio link condition directly. And no new mechanism is needed for downlink carriers.
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Figure 3

Proposal 2: UE reporting of CC failure could be based on CQI reporting or Mobility Measurements. A new mechanism is not needed for downlink carriers.
2.3 PDCCH design and RLF

As in Fig.4, there are two PDCCH design options agreed in RAN1. For option1, each CC has its own PDCCH. While for option2, cross-PDCCH indication can be support, for example, CC2 has all the PDCCH in three CCs for a specific UE. In this case, since there is no PDCCH in CC1 and CC3, if CC2 is detected failure, CC1 and CC3 can’t work standalone. We have conclusion that once the aggregated CCs with PDCCH fail, UE consider radio link failure.
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Figure 4
Proposal 3: Once the aggregated CCs with PDCCH fails, UE consider radio link failure. The current LTE Radio Link Failure procedure is applicable for carrier aggregation in this case.
2.4 RLC and RLF
In RAN2#66, it was concluded that carrier aggregation can’t be seen in PDCP/RLC. Since UE will send sounding RS in uplink carrier, eNB could measure the uplink radio link quality by itself, eNB will select to schedule UE on the radio resource with better quality for every transmission. For every RLC PDU, MAC layer will use HARQ function to retransmit maximum times (Nmax-HARQ), if RLC was failed in all the maximum retransmission (Nmax-ARQ), it means UE failed to transmit at least Nmax-HARQ * Nmax-ARQ times in physical layer (see Figure 5). And because MAC layer will not bundle RLC PDU and its retransmission PDU to a fixed CC, so we could consider radio link failure happens once RLC reach the maximum retransmission times of ARQ.
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Figure 5
Proposal 4: We could consider uplink RLF happens once RLC reach the maximum retransmission times of ARQ. 
3 Proposals
Proposal 1: All configured CCs should be monitored for failure detection regardless there is one or multiple serving cells. When a configured CC becomes non-usable, eNB should be able to know that through certain diction rule or UE report.

Proposal 2: UE reporting of CC failure could be based on CQI reporting or Mobility Measurements. A new mechanism is not needed for downlink carriers. 

Proposal 3: Once the aggregated CCs with PDCCH fails, UE consider radio link failure. The current LTE Radio Link Failure procedure is applicable for carrier aggregation in this case.

Proposal 4: We could consider uplink RLF happens once RLC reach the maximum retransmission times of ARQ.
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