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1 Introduction

In RAN2 67bis, following initial agreements for RLF considering carrier aggregation are achieved

· Problem detection on one CC does not necessarily imply re-establishment triggering

· 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)

· Re-establishment is triggered when we loose all UL communication

· RLC layer re-establishment triggering remains the same as Rel-8
In this paper, a clear radio link definition is first given, then DL/UL re-establishment triggering criteria is discussed in detail.

2 Discussion
2.1 Radio Link Definition
In 21.905[1], “Radio Link” is defined as follows:

Radio link: A "radio link" is a logical association between single User Equipment and a single UTRAN access point. Its physical realisation comprises one or more radio bearer transmissions.

For LTE-A UE, multiple DL/UL CCs would be configured for data transmission simultaneously in the same cell site. Moreover, it has been agreed in RAN2 that the multi-carrier nature of the physical layer is only exposed to the MAC layer for which one HARQ entity is required per CC [2], which implies that there is no fixed mapping relationship between DRB and specific CC. In addition, we also prefer not to limit SRB transmission to one component carrier. Thus, from this point of view, “Radio Link” includes all DL/UL CCs configured for the LTE-A UE. However, if all PDCCH CCs fail, the logical association between LTE-A UE and network will be broken (i.e., all RB transmission will be stopped), because no resource allocation information can be obtain in this case. As previous agreement, re-establishment will be required accordingly. So, for LTE-A UE, its radio link is composed of all its configured PDCCH CCs and UL CCs.
Proposal 1: For LTE-A UE, its radio link is composed of all its configured PDCCH CCs and UL CCs.
If only part of CCs in “Radio link” has been un-usable as in Fig.1, UE can still communicate with eNB by the usable CCs. E.g. UE can report CQI/Mobility measurement result to indicate the channel condition deterioration. Network can reconfigure UE to perform CC addition/removal or handover. Comparing with UE-controlled RRC connection re-establishment, network-controlled UE-assisted mobility has higher success probability and less QoS impact. Until the communication between UE and eNB completely fails (i.e., radio link fails), UE initiates RRC connection re-establishment.
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Figure1: Partial CCs’ failure in “Radio link”
2.2 RLF Detection Criteria
2.2.1 RLF Detection Criteria in DL
In DL direction, following solutions are considered for triggering radio link re-establishment:
· Solution1: R8 RLF mechanism is only reused for special cell to detect RLF [3];
· Solution2: RLF detection is performed for a subset of configured PDCCH CCs;
· Solution3: RLF detection is performed for all configured PDCCH CCs  separately [4][5];
To solution1, if the special cell is detected to be failure, UE would initiate re-establishment immediately, which best reuse the R8 RLF mechanism. Based on our understanding, 1) Different CCs may experience different interference condition, UE may experience different channel condition over its aggregated CCs and the failure of special cell doesn’t implied other aggregated CCs’ failure; 2) it can’t promise that the special cell reconfiguration time (mobility measurement report time for the special cell + time for special cell reconfiguration signalling procedure) will be earlier than the special cell failure detection time. So, if solution1 is adopted, unnecessary re-establishment caused by RLF may cause frequently, which greatly impact the UE’s QoS feeling and system efficiency.
As solution1, the subset of configured PDCCH CCs in solution2 can’t represent all configured PDCCH CCs channel condition due to variant interference. Particularly, what’s the principle to select the subset of configured PDCCH CCs for RLF detection? Among these three solutions, solution2 seems to be the most complex one. And its benefit is quite unclear.
Based on above consideration, we have following proposal:
Proposal 2: Re-establishment can only be triggered when all configured PDCCH CCs are detected to be failed, no need for more restrictive conditions (e.g. in case of problems on an even smaller subset of configured PDCCH CC’s)

In LTE, two phases governs the behaviour associated to radio link failure. In first phase [7], 

-
First phase:

-
started upon radio problem detection;

-
leads to radio link failure detection;

-
no UE-based mobility;

-
based on timer or other (e.g. counting) criteria (T1).
In CA, one downlink carrier frequency is extended to multiple PDCCH CCs. Channel condition on each PDCCH CCs can not be represented by other CC. The first phase start upon physical layer problem detection on each CC independently. In DL direction, UE should monitor radio link, detect and recovery in first phase considering each configured PDCCH CC separately. Identical criteria in LTE can be reused directly on each PDCCH CC in the first phase, which implies that N310 for physical layer problem detection is maintained independently on each PDCCH CC. When N310 is reached for one PDCCH CC, T310 for recovery in first phase would be started for it. Until the first phase on each configured PDCCH CC has ended, radio link problem for UE has been detected.
Proposal 3: Identical criteria in LTE can be reused directly on each PDCCH CC separately in the first phase of RLF.
In the second phase in LTE [7]:

-
Second phase:

-
started upon radio link failure detection or handover failure;

-
leads to RRC_IDLE;

-
UE-based mobility;

-
Timer based (T2).
In CA, the second phase start upon all the configured PDCCH CCs have been detected failure. The second phase is UE specific. All the criteria in LTE can be reused in this phase that T311 is started for the UE to select a suitable E-UTRA cell or a cell using another RAT.
Proposal 4: In the second phase of RLF, R8 mechanism can be reused in LTE-A considering carrier aggregation.
Fig.2 shows the DL RLF procedure considering carrier aggregation.
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Figure 2: Radio Link Failure in CA
2.2.2 RLF Detection Criteria in UL
In UL direction, RLF triggering is performed in RLC layer and MAC layer separately. And it has been agreed that RLC layer re-establishment triggering remains the same as Rel-8. To RLF triggering in MAC layer, since several companies think that all aggregated uplink CCs may use different TA value for data transmission in certain scenario [6], which is also our basic understanding. 
If there is no multiple TAs, how the UE implement the RACH procedure? We could have three options: 

· Option 1: UE only selects one UL CC to do RACH, and once the RACH fails, MAC could consider RLF.

· Option 2: If UE fails to do RACH in one UL CC, UE could continue to select another UL CC for RACH. If UE’s RACH procedure failed in all the UL CCs,, then MAC could consider RLF.
· Option 3: Only one RACH procedure, but preamble transmission doesn't bind to any UL CC, that means the preamble’s re-transmission could be performed on other UL CC different with previous one. Once the RACH fails, MAC could consider RLF.
Although option1 is the simplest, it may reduce the success rate of the connection recovery, because UE possibly found one better CC based on the possible measurement on other CCs when performing the RACH procedure in current UL CC. For option 2, the main disadvantage is that it may cause unnecessary delay, especially when all CCs have the similar channel quality. For option3, there is some frequency diversity gain compared with option1. So, we have the following proposal:
Proposal 5: If one TA can be shared among aggregated CCs, some enhancement needs to be considered for MAC RLF triggering based on option3.
If we have multiple TAs for aggregated CCs, there is a real need to implement RACH procedure for every CC group due to different TA, and there is only one RACH procedure for every CC group, and two options can be considered for MAC RLF triggering:
· Option A: RLF is triggered by only one CC group’s RACH procedure failure..
· Option B: RLF is triggered when all CC groups failed in RACH procedure.
For option A, if only one RACH procedure fails, while data communication in the other CC groups can still continue. If RLF declaration is based on option A, unnecessary re-establishment operation may cause frequently. 
For optionB, for every CC group, we could use the option discussed above for the detail RACH procedure. MAC RLF will be triggered only in case of every CC group fails to access the network. This option will not bring any unnecessary re-establishment operation. So, option B is preferred for aggregated CCs with multiple TAs .
Proposal 6: If multiple TAs exist for aggregated uplink CCs, MAC RLF triggering will be performed only in case of every CC groups fails to access the network.
3 Conclusion
This paper investigate RLF mechanism considering carrier aggregation in LTE-A, and following proposals are given.

Proposal 1: For LTE-A UE, its radio link is composed of all its configured PDCCH CCs and UL CCs.
Proposal 2: Re-establishment can only be triggered when all configured PDCCH CCs are detected to be failed, no need for more restrictive conditions (e.g. in case of problems on an even smaller subset of configured PDCCH CC’s)

Proposal 3: Identical criteria in LTE can be reused directly on each PDCCH CC separately in the first phase of RLF behaviour.

Proposal 4: In the second phase of RLF, R8 mechanism can be reused in LTE-A considering carrier aggregation.

Proposal 5: If one TA can be shared among aggregated CCs, some enhancement needs to be considered for MAC RLF triggering based on option3.

Proposal 6: If multiple TAs exist for aggregated uplink CCs, MAC RLF triggering will be performed only in case of every CC groups fails to access the network.
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