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1. Introduction
It has been agreed in RAN2#69bis that Radio Link Monitoring is not applicable to SCells, and the following statement is captured in section J.3.2 of the Stage 2 TS 36.300:
· Radio link monitoring (i.e. physical layer problem detection based on N310/N311/T310) of DL SCC by the UE is not needed. The eNB can detect poor link quality e.g. from CQI reports and/or existing RRM measurement reports for activated SCells and from existing RRM measurement reports for deactivated SCells.
Regarding this decision, an LS [1] was sent to RAN4 to inform the decision of RAN2. However, RAN4 discussed this issue for several meetings and suggests to introduce Radio Link Monitoring mechanism for SCells with pathloss reference, the reply LS was sent back to RAN2 for re-evaluation.
Since RAN4 suggestions are opposite to the RAN2 agreements, the RAN2 decision needs to be revisited. This paper discusses the SCell Radio Linking Motoring function in detail and giver our company view.
2. Discussion
In [1], the following decisions were informed to RAN4 by RAN2:
1) The same Rel-8 mechanism based on N310/N311/T310 is used for RLF detection on the DL Primary Component Carrier (PCC).

2) Deactivation / removal of DL Secondary Component Carriers (SCC) suffering poor link quality should be under eNB command. No autonomous UE deactivation / removal of such DL SCC.

3) Radio link monitoring (i.e. RLF / physical layer problem detection based on N310/N311/T310) by the UE is not needed for DL SCC. eNB can detect poor link quality e.g. from CQI reports and/or existing RRM measurement reports (e.g. Event A2) for activated DL SCCs and from existing RRM measurement reports (e.g. Event A2) for deactivated DL SCCs, etc.

4) RRM measurements can be configured for deactivated DL SCCs.

5) Random Access (RA) failure on UL PCC triggers RRC connection re-establishment (like in Rel-8).

6) UE never stops autonomously any transmissions on an UL SCC based on DL SCC quality.
RAN4 Reply LS [2] referred to the RAN4 Way Forward in [3] saying that:
· SCell radio link monitoring should apply to only SCell, which is used as UL path loss reference.

· SCell radio link monitoring does not apply to SCells that are not used for UL path loss reference.

· After T310 timer expiry, UE should stop any UL transmissions on the linked UL CCs from a physical layer point of view.

· When the path loss reference becomes reliable (upon receiving N311 consecutive "in-sync" indications) after stopping the UL transmission, UE should resume UL transmissions.

· UE should not release any UL resource (PUCCH/ SRS) based on SCell radio link monitoring.

· Note: The proposed UE behaviour should be the same as the current behaviour, except stop UL transmission in case of DL out-of-sync.

· Parameters for PCell radio link monitoring, such T310, N310, N311, should apply to SCell radio link failure.

· SCell radio link monitoring should not affect any RAN2 protocol specifications.

· In principle, the R8/9 performance requirements should apply to SCell radio link monitoring. Some modifications, such as less stringent requirements, would be FFS.

· For example, if the SCell is in the DRX state, monitoring for radio link recovery would be conducted using DRX based requirements.

It is obvious that UE does not need to initiate an RRC connection re-establishment procedure upon SCell RL failure, so the focus will be whether UE needs to “deactivate” some of the activities associated with this SCell, such as SRS/CQI transmission and the state change of the concerning SCell.
The current R9 behaviour associated with radio link monitoring is that upon receiving N310 consecutive out-of-sync indications from lower layers, the UE shall start timer T310; then if N311 consecutive in-sync indications are received from lower layers, UE shall stop T310. The lifetime of T310 is the duration of radio link monitoring. Upon expiry of T310, radio link failure is deemed to be detected. For CA scenario, since the “real” radio link failure of a UE is linked to PCell, so the SCell T310 expiry does not impact the existence of the RRC connection with network. However, since the DL link quality is not acceptable any more, UE should stop uplink transmission and inform eNB about this in a proper way.
Proposal 1: SCell Radio Link Failure detected by UE needs to be informed to eNB.

Then a question is how does the UE inform the RLF situation to eNB? Since the downlink quality of the concerning SCell has already been unacceptable, it is not reliable to deliver this information by the associated UL CC itself. Fortunately we have other UL CCs at least the UL PCC which can be deemed to be reliable, so it is suggested that the RLF indication is delivered on other UL CCs rather than the UL CC which is associated with the DL CC which has RLF detected.
Proposal 2: SCell RLF indication is delivered on other UL CCs rather than the UL CC of the concerning SCell.

The RAN4 suggestion of stopping UL transmissions upon T310 expiry and resumption of UL transmission upon detection of link quality resumption is quite reasonable, this is beneficial for interference reduction. But in practice, UE autonomous action without network intervention is dangerous, it may run out of network control. Since the RAN4 suggested behaviour is very similar to the UE behaviours for SCell activation/deactivation, a simple solution is to just reuse the already agreed SCell activation/deactivation mechanism, this can also maximize the usage of newly introduced mechanism and reduce further information exchange.
In summary, the suggested UE behaviour is that upon detection of SCell radio link failure, UE informs the RLF situation to eNB through other UL CCs; with this information, eNB shall initiate SCell deactivation procedure, i.e., sending Deactivation MAC CE to the UE, of course through other SCells; then UE executes SCell deactivation command and the UL transmissions are stopped naturally.

Proposal 3: SCell deactivation procedure is used for the eNB to stop UL transmission of UE.
With Proposal 3, it is obvious that any UE autonomous action of stopping UL transmission is not needed.
Proposal 4: No UE autonomous action of stopping UL transmission is needed.
Another open issue we need to address is how to configure the parameters associated with Radio Link Monitoring, i.e., are the values of {T310, N310, N311} configured on a per-CC or per-UE basis? Since these parameters are broadcasted in the System information in Release 9, hence they are configured in a per-cell basis. It has been agreed in Carrier Aggregation that the System Information of SCells are delivered in dedicated messages, so the UE is able to acquire these configurations separately for each SCell and there is no need to specify a UE-specific parameters value set, this gives network enough space of optimisation.
Proposal 5: The values of {T310, N310, N311} are configured on a per-CC basis.
3. Conclusion
This contribution discusses the issues related to SCell Radio Link Monitoring and gives the following proposals:
Proposal 1: SCell Radio Link Failure detected by UE needs to be informed to eNB.

Proposal 2: SCell RLF indication is delivered on other UL CCs rather than the UL CC of the concerning SCell.

Proposal 3: SCell deactivation procedure is used for the eNB to stop UL transmission of UE.

Proposal 4: No UE autonomous action of stopping UL transmission is needed.

Proposal 5: The values of {T310, N310, N311} are configured on a per-CC basis.
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