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1 Introduction
During RAN2#84 [1], it was agreed to define a special cell associated with the SeNB for a UE with dual connectivity, which cell is configured with uplink and with PUCCH resources. The special cell cannot be cross-carrier scheduled and may potentially support other functionality typically associated to a PCell. Such functionality, including RLM, was left FFS. It was further agreed that RLM is not needed for a cell associated to the SeNB that is not configured with PUCCH resources. Furthermore, it was agreed to model dual connectivity at the MAC layer using separate entities.

During RAN2#85 [2], it was agreed that a UE shall inform the MeNB of Random Access failure for (at least) the Special Cell of the SCG and for RLC failure associated with an SCG cell. It was also agreed that a failure event for SCG does not trigger RRC Connection Re-establishment procedure. For physical layer problems, it was left FFS whether the MeNB would rely on UE performing RLM and sending a notification in case L1 is out-of-synch or only on measurement configuration. It was also agreed that the special cell of the SCG is always activated when configured [2].
This contribution further discusses the issue of physical layer problems for SCG.
2 RACH Failure for SCells of SCG (other than the Special Cell)

RAN2 agreed that the UE shall notify the MeNB in case of RLC failure for SCG and for RACH failure for the Special Cell of the SCG [2]. The main motivation with respect to RACH failure is that it cannot be detected by the SeNB in case of contention-based random acces (CBRA); the main motivation with respect to RLC failure is that although it can be detected at the SeNB based on grants, HARQ retransmissions and feedback, the same notification mechanism introduced for RACH failure can be used thus avoinding to rely on X2 signalling from SeNB to notify the MeNB.

It was left FFS whether the UE should also notify the MeNB of a RACH failure for SCells of the SCG.

For such cells, the SeNB can detect a RACH failure because only network-initiated contention-free random access is supported for SCells. There is thus no strong motivation to report RACH failure for cells of the SCG other than the Special Cell.

Proposal 1: 
The UE reports RACH failure for SCG only for RACH on the Special Cell.

3 Physical Radio Link Problems

Handling of radio link problems

It was also left FFS how to handle physical layer problems, i.e whether or not the UE should perform radio link monitoring for the SCG. Handling of radio link problems has three components:

· the detection of physical layer problem, i.e. either UE-centric RLM or NW-centric measurement configuration;

· the reporting of the problem to the MeNB, i.e. by notification or by measurement report;

· the recovery procedure, i.e. the UE autonomously stops all UL transmissions and/or reception of RRC Connection Reonfiguration that removes or modifies the SCG.

Mechanisms based on SeNB detection and X2 notification are not considered, to avoid a detection and recovery mechanism that relies on distributed and implementation-based logic across possibly different eNB implementations.
For the detection of physical layer problems, both alternatives can work equally well in terms of responsiveness of the mechanism, i.e. for detection based on RSRP/RSRQ measurements or using RLM like for the PCell.

Similarly, for the reporting of the problem to the MeNB, both alternatives are equivalent as both would use L3 reporting, although a different RRC procedure would be used.

Finally, for the recovery procedure, both alternatives require a RRC Connection Reconfiguration that modifies or remove the SCG. The generation of such message typically implies X2 signalling between MeNB and SeNB such that it can be assembled and forwarded by the MeNB to the UE, at least in case of reconfiguration or change of SCell. The delay of such procedure may be significant and the UE behavior during that time needs to be taken into account.
Essentially, the only difference between the two approaches is when the UE can first stop all UL transmissions for the concerned cell(s) of the SCG such that UL interference is minimized.

NW-centric detection or UE-centric detection?

RAN2 thus needs to decide whether a NW-centric approach or a UE-centric approach should be used for the detection of the physical layer problem.

For the NW-centric approach, the network essentially relies on configured L3 measurements (based on RSRP/RSRQ measurements), measurement report triggers and measurement report signaling to get a notification of degraded physical layer conditions. In such case, the UE can first address the failure condition only once it gets the reconfiguration message from the MeNB. 

For the UE-centric approach, the network relies on the UE detecting loss of physical layer synchronization using T310, N310 and N311. The detection is based on CRS measurements. Once the UE detect the loss of synchronization, it can use the same reporting mechanism as for RACH failure or RLC failure. In such case, the UE can start to address the failure condition already when it detects the failure condition by stopping all UL transmissions for the concerned cell(s).

UE-centric detection enables early stop of all UL transmissions

The significant difference is thus that the UE-centric detection based on RLM enables the UE to stop all UL transmissions for the concerned cell(s) as soon as the loss of synchronization occurs, such that interference can be reduced. The UE can stop as soon as T310 expires and before it transmits a notification to the MeNB. With L3 measurements, the UE must wait until it receives a RRC reconfiguration from the MeNB, which additional  delay is the sum of the uplink transmission of the RRC measurement report to the MeNB, the X2 signalling for the reconfiguration procedure on the network side and the transmission of the reconfiguration to the UE.
Furthermore, supporting the same RLM mechanism for SCG as the one of the PCG implies simply implies that PHY functionality is maintained unchanged for each CG such that complexity should not be an issue. In addition, the UE already performs CRS measurements for PDCCH decoding attempts during DRX Active Time for the special cell of the SCG, which does not support deactivation. Finally, the handling of all error cases for the SCG can be kept aligned when the same notification mechanism for RLC failure, for RACH failure and for radio link problem notification is used.
Consequently, the following is proposed for detection of radio link problems for the PHY of the SCG:

Proposal 2: 
The UE performs RLM for the SCG.

For other cells, detection of physical layer problem can rely e.g. on the eNB implementation using CQI received on the Special Cell and on deactivation of the SCell(s) with poor radio link quality if needed to stop all UL transmissions for such cells. The SeNB can then initiate the reconfiguration request towards the MeNB.

Therefore, similarly as for the PCell of the PCG, the UE need only perform RLM on the Special Cell of the SCG:
Proposal 3: 
The UE performs RLM for the SCG on the Special Cell only.

Finally, the configuration of RLM parameter (T310, N310, N311) should be specific for each CG such that the network can control the reactiveness of the UE detection of physical layer problems. The level of reactiveness for the detection of physical layer problems may differ between the MeNB and the SeNB as well as based on the DRB configuration (e.g. whether or not bearer split is used) and traffic mix (e.g. best-effort data or real-time voice).

Proposal 4: 
The configuration of RLM (T310, N310, N311) for the Special Cell of the SCG is CG-specific i.e. independent of that of the PCell.

4 Conclusion

RAN2 should discuss and also agree to the following:

Proposal 1: 
The UE reports RACH failure for SCG only for RACH on the Special Cell.

Proposal 2: 
The UE performs RLM for the SCG.

Proposal 3: 
The UE performs RLM for the SCG on the Special Cell only.

Proposal 4: 
The configuration of RLM (T310, N310, N311) for the Special Cell of the SCG is CG-specific i.e. independent of that of the PCell.
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