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1 Introduction

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 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/SRB and specific CC. Thus, from this point of view, “Radio Link” includes all DL/UL CCs configured for the LTE-A UE. However, if two step CC configuration and (de)activation mechanism is introduced in RAN2, the “Radio Link” may includes all configured and activated DL/UL CCs from data transmission point of view. In this paper, DL RLF criteria for both one step CC configuration and (De-) activation (e.g. no additional CC activation is introduced) and two step CC configuration and (De-) activation is analyzed. After that the two RLF phase is discussed considering carrier aggregation. 
2 Discussion
2.1 DL RLF Detection Criterion 

In RAN2 67bis, it has been agreed that “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)”. Accordingly, two solutions can be considered for triggering radio link re-establishment:

Solution1: RLF detection is performed for a subset of configured PDCCH CCs separately;
Solution2: RLF detection is performed for all configured PDCCH CCs separately [6];
As CC (de)activation mechanism is still under discussion, two cases are assumed for RLF detection criterion considering one or two step CC configuration and (de)activation mechanism.
Case1: One step CC configuration and (de)activation

One significant difference between solution1 and solution2 is whether the subset of configured PDCCH CCs’ channel condition can represent the rest configured PDCCH CCs’ channel condition. In our understanding, different CCs may experience different interference condition, and UE may experience different channel condition over its configured CCs. As in Fig.1, three configured CCs have identical coverage. When UE approach to a femto/pico cell or relay node (denoted by the small ring) using CC2, the channel condition of UE over CC2 will be deteriorated due to strong interference. The simulation result in Fig.2 based on the assumption in [7] shows that the channel condition in the scenario without femto interference (blue line) outperforms that in the scenario with femto even considering downlink power control (red line). If there is no downlink power control, the channel condition gets worse (green line). For more simulation parameters, please refer to the annex. So, some CC’s failure doesn’t imply other configured CCs’ failure. We can conclude that: to certain UE, one CC’s channel condition can’t represent other CC’s channel condition.

Even though there are similar network deployments among the frequency layer of the configured CCs, the channel condition may still be different in the abnormal scene. So it means abnormal deteriorations on different aggregated carriers, which might lead to failure, are not expected to happen simultaneously.
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Figure 1: Illustration of Different Interference Condition over Configured CCs
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Figure 2: Wideband SINR CDF Distribution
Moreover, for solution 1 what’s the principle to determine the subset of configured PDCCH CCs for RLF detection? One option is that only one anchor CC is contained in the subset of configured PDCCH CC [5], and certain configured CC update should be performed to promise it to be the one with best channel condition over all configured PDCCH CCs. However, it’s unclear whether the certain configured CC reconfiguration time (mobility measurement report time for the certain configured CC + time for the certain configured CC reconfiguration signalling procedure) will be earlier than the CC failure detection time. And other consideration (e.g. including more than one CC in subset) may require additional principle which might increase the complexity compared with only one CC in subset, while the benefit is not quite clear.
Observation1: Solution2 fits for CA RLF detection if one step CC configuration and (de)activation is introduced.
Case2: Two step CC configuration and (de)activation
If two step CC configuration and (de)activation mechanism is introduced, according to the email discussion, many companies share their view on measurement on deactivated CC, that UE need do regular measurement on Deactivated CC. But for RLF detection, there is no information from email discussion, but if UE do regular measurement on deactivated CC, it is reasonable to do RLF detection at the same time. So for RLF detection, all configured CC should do this kind of measurement. 
But for RLF declaration, according to current agreement, if communication between UE and eNB is broken, it is called as RLF. For certain moment, only activated CCs are used to data transmission when all activated CC fail, naturally, communication between UE and eNB is broken, so it would be restricted to all the configured and activated CCs which can be used for CA RLF declaration considering two step CC configuration and (de)activation mechanism.
Furthermore, if the deactivated PDCCH CC is still in good channel condition when all the activated CCs failed, it would be more suitable and safer to re-establish/recovery RRC connection on deactivated CCs than to initiate re-establishment on the new selected cell.
However, there are still some unclear issues for this topic, e.g., what is the probability of deactivated CC in good condition while all activated CCs suffering RLF? This issue depend on the how frequent the activation and deactivation are expected and the implementation in eNB to activate/deactivate one CC. Since CC (de)activation mechanism is still under discussion, how to deal with this issue need for further study. So, assuming all configured and activated CCs failure implies RLF should be taken as baseline for DL RLF detection with introduction of CC (de)activation mechanism.
Observation2：It is the baseline that all the configured and activated CCs failure implies RLF with introduction of CC (de)activation mechanism.
Based on the above observations, it is proposed that:
Proposal 1: The baseline is that Re-establishment should only be triggered when all the configured and activated PDCCH CCs are detected failure.
2.2 Radio Link Failure Phase 
In this section we try to discuss the two phases during radio link failure detection. Based on the analysis above, the CCs which are used to evaluate CC failure in DL would include all the configured and activated PDCCH CCs. 
In LTE, two phases govern 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 starts upon physical layer problem detection on each CC independently. In DL direction, UE should monitor radio link, detect and recover 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, the second phase starts.
Proposal 2: In the first phase of RLF, R8 criteria can be reused directly on each configured and activated PDCCH CC separately in LTE-A.

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 starts 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 3: The second phase of RLF starts upon all the configured and activated PDCCH CCs have been detected failure , and then R8 mechanism can be reused in LTE-A.

According to proposal 2 and proposal 3, Fig.3 shows the DL RLF procedure considering carrier aggregation:
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 Figure 3: Radio Link Failure in CA
In figure 3, there are grey regions on some carriers when recovery is fail but the second phase of RLF does not start yet. The question is what the UE is expected to do on these CCs (CC1 and CC2) if they have been detected failure? For RSRP/RSRQ measurement, the intra-frequency measurement is needed to trigger event to manage the CCs in configured CC set. But for RLF detection, following options can be considered:
Option 1: UE stops RLF detection and recovery on this CC. 

Option 2: UE keeps on detecting and trying to recover on failure carriers.
In one hand, since UE have capability to continue measure on these carriers, the Radio link detection and recovery could be allowed. On the other hand, it is not that necessary to do this considering UE has been trying to recovery for a long time (i.e.T1), furthermore if the quality on other carriers is good enough, measurement report would be sent to network and then network will remove corresponding carriers from configured set soon. So option 2 is slightly preferred, it can be discussed further. 
3 Conclusion
This paper investigate RLF mechanism considering carrier aggregation in LTE-A, and following proposals are given.

Proposal 1: Re-establishment can only be triggered when all configured and activated PDCCH CCs are detected to be failed.
Proposal 2: In the first phase of RLF, R8 criteria can be reused directly on each PDCCH CC separately in LTE-A.

Proposal 3: In the second phase of RLF starts upon all the configured and activated PDCCH CCs have been detected failure, and then R8 mechanism can be reused in LTE-A.

According to above proposal 2 and proposal 3, Fig.4 shows the DL RLF procedure considering carrier aggregation. When the timer T1 on certain carrier is expired and second phase does not start, UE keep on detecting and trying to recover on failure carriers. We propose to introduce this figure into 36.300.
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Figure 4: Radio Link Failure in CA
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5 Annex: Simulation Parameters

Table I
Simulation Parameters

	Parameters
	Values

	Access Type
	Closed

	Femto Bandwidth
	5 MHz

	Femto Power
	40 mW

	Floor number
	3

	Loss of an external wall
	10 dB

	Loss of an internal wall
	5 dB

	Femto cell number
	1

	Active UE number
	4

	Interference mitigation algorithm
	yes

	Channel model
	Refer to [14]
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Figure 4. Femto Unit Structure
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Figure 5. Femto Unit Distribution in Macro Cell
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