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1 Introduction

In RAN2#84 the discussion regarding control plane and RLF aspects of dual connectivity has progressed with the following agreements: 

2

At least one cell in SeNB has configured UL and one of them is configured with PUCCH resources (could discuss whether to support more if such an enhancement is agreed for CA in Rel-12 in general).

3a
FFS whether RLM is performed on the cell carrying PUCCH in the SeNB. 

3b
No RLM is needed on a cell not carrying PUCCH in the SeNB. 

4

RLF, if supported, of any SCG cell does not trigger RRC connection re-establishment

1     The transmission of RRC messages via SeNB is not supported

In this paper we discuss the remaining study points of RLF in dual connectivity. 
2 Discussion

Generally, the UE should trigger RLF when it has no RRC connectivity anymore with the eNB. According to the current specifications [2], RLF is indicated
- Upon T310 expiry: physical layer problem, i.e. out-of-sync registered in radio link monitoring (RLM)
- Upon random access problem indication from MAC while neither T300, T301, T304 nor T311 is running

- Upon indication from RLC that the maximum number of retransmissions has been reached. 
After triggering RLF, the UE will try to re-establish the RRC connection, and if unsuccessful, go back to IDLE. 
With the agreements that RRC messages via SCG cells are not supported in dual connectivity, and that RLF of an SCG cell, if supported, does not result in UE starting RRC-reestablishment procedure, the UE has to trigger RLF based on the MCG PCell, irrespectively of the conditions of the SCG cells.

Observation 1 The UE triggers RLF based on MeNB PCell only.
Further, since the RRC-connection to the MeNB is still maintained at RLF of an SCG cell (in the following denoted as SCG failure), no autonomous UE behaviour is necessary. This prevents also potential state mismatches between UE and MeNB, as already identified in the RLM/RLF discussion for Rel-10 CA [3]. 

Observation 2 The UE does not trigger RLF resulting in RRC-reestablishment at SCG failure.

The question remains now if SCG failure detection is required and/or how it can provide benefits (see also analysis in [1]). Obviously, the MeNB which terminates the RRC protocol needs to be informed about the failure status of the SCG cells in order to take actions to re-configure the UE, its bearers, or release SCGs completely. This information about the SCG failure status can originate from UE or SeNB. In the following we treat each of the current RLF reasons that can be detected as an SCG failure by UE or SeNB, respectively. 
2.1 MAC random access failure

For the MAC random access problem, which is triggered if the maximum number of preamble transmission is reached for the PCell, the UE indicates this problem to higher layers. With the agreement that the UE has at least one SCG cell with UL configured, this problem may also occur in the SCG. Further, in case of contention-based random access, only the UE can be aware of the problem. This motivates a detection of this problem by the UE. This SCG failure needs to be reported to the MeNB, which may be done with an RRC message.
Proposal 1 UE shall inform MeNB of random access failure associated with an SCG cell.

In case of contention-free random access, also the SeNB is able to detect the failure which can be reported to the MeNB RRC entity, but the UE informing the MeNB can also be applied in this case. 
No further actions than sending the SCG failure report to the MeNB need to be taken in the UE. Upon random access problem, MAC continues working. The MeNB will take the initiative of reconfiguring MAC based on the report. 
2.2 RLC maximum retransmissions

For both pure SCG bearers and split-bearers, separate UE RLC entities exist for MeNB and SeNB connections. An RLC AM entity indicates maximum number of retransmissions reached to the higher layers. This can happen for both DL and UL. In DL, the detection of RLC failure is forwarded from SeNB to the MeNB RRC entity. In the UL, however, the UE detects this type of SCG failure and needs to forward this indication to the MeNB via the air interface. This can also be done with an RRC message. It is important for the MeNB to be informed about this RLC failure to perform bearer management of the DRB corresponding to the failing RLC transmission.
Proposal 2 UE shall inform MeNB of RLC failure associated with an SCG cell.

Uplink RLC transmission failures may also be detected by the SeNB by monitoring corresponding scheduling grants, HARQ transmissions and feedback. This is especially necessary to detect RLC UM failures. The SeNB can report this information to the MeNB.

Similarly to MAC, RLC does not need to be reset or reconfigured upon SCG failure. This will be handled by the MeNB based on the SCG failure report.

2.3 PHY out of synch
According to the current specifications, a physical layer problem of the MCG PCell is detected by the radio link monitoring (RLM) when timer T310 expires, which is started after receiving N310 consecutive “out of sync” indications from the physical layer. Out-of-sync relates to an unacceptably high PDCCH BLER or low SINR. 

In Rel-11 carrier aggregation, there is no RLM entity for the SCell. Instead, SCell activations and deactivations can be made based on CQI, which is reported to the eNB of the SCell, which in case of CA, is the same as the eNB of the PCell. Furthermore, SCell removals can be based on RRM measurement reports, such as A2 RSRP or RSRQ events. 

In dual connectivity, we have the following three options to inform the MeNB about a physical layer problem of the UE in one cell of the SCG.
2.3.1 Based on CQI and HARQ feedback
Generally, physical layer problems can be detected by observing CQI in the UE or CQI reports in the eNB, optionally combined with monitoring HARQ feedback. The information can be reported to the MeNB in different ways:

- SeNB monitors CQI and HARQ feedback and determines if the UE has a physical layer problem. This information is reported from SeNB to MeNB. The advantage is that no additional radio resources are consumed, since the CQI reports need to be available in the SeNB anyway for LA purposes. This approach does not need further standardization.
- UE sends CQI reports of SCG to MeNB via the air-interface. Based on this information, the MeNB determines the SCG failure status for the UE itself. The advantage of this option is that the information is available frequently and timely, but the disadvantage is that a large amount of radio resources needed in the MCG. This option would need some further standardization.

- UE can also monitor CQIs over time, apply filtering etc. itself, and report to MeNB on event-basis. This functionality would be new and requires further standardization. It has the advantage of not requiring too many radio resources compared to the previous option.  

Among the listed options of CQI and HARQ based SCG physical layer failure detection, it does not seem to be necessary to carry the detection out by the UE, since the SeNB can achieve the same functionality.

Observation 3 SCG PHY failures can be detected by monitoring CQI and HARQ feedback in the SeNB. This information can be reported to the MeNB.
Furthermore, we note that all the methods described in this subsection are able to provide timely reports to the MeNB (compared to RLM approach below), so that it is able to detect radio link degradations early and can take proactive actions, e.g. to de-configure the SCG cell even before it reaches RLF.

2.3.2 Based on RRM measurement event
In this option, the UE would be configured with e.g. an A2 measurement event to monitor the SCG cell status, which is reported to the MeNB RRC entity. This would not require additional standardization. With this event based option the radio overhead is kept low. It should be noted, however, that in this option the metrics RSRP or RSRQ are applied for the failure detection in the SCG cell, while MCG PCell failure detection is based on RLM (SINR).  

Observation 4 RRM based SCG failure detection builds on existing measurement events and does not require additional standardization.

Similarly to the CQI/HARQ-based approach described above, with the A2 event we are also potentially able to detect radio link degradations early to be able to take proactive actions before the SCG cell reaches RLF.

2.3.3 Based on separate RLM for SCG cell 

In the third option, where a separate RLM entity (including separate N310, T310) is implemented in the UE to monitor the SCG cell status, a failure can be detected with the same metric and reliability as RLF of the MCG PCell. Obviously, similarly to random access failure and RLC maximum retransmission failure, this failure needs to be forwarded to the MeNB, so that actions, such as de-configuration of the SCG cell can be taken. It should be noted that these actions can be regarded as reactive, since the actions are taken after the failure, which might have negative performance impact as compared to using the previously discussed options.
Introducing this additional RLM entity in the UE (implementation complexity, additional measurements) can be regarded as a fail-safe method to detect SCG cell problems, since it generally triggers later (e.g. T310 = 1s) than e.g. CQI reports or A2 measurement events, but if it triggers, the reliability of the measurements can be regarded as high. So, the main motivation to introduce this is to prevent that the MeNB is unaware of the SCG failure even in situations where other methods such as CQI-based and RRM-based methods are not able to detect the failure. Further, being able to identify failures is beneficial to network adaption (SON aspects), e.g. to tune the parameters used for CQI or A2 events. 
Observation 5 RLM based SCG failure detection by the UE provides a fail-safe option to prevent that the MeNB RRC is unaware of the UE SCG PHY failure.

Nevertheless, the additional RLM entity for the SCG cannot be regarded as a requirement for correct functionality of the system. 
Proposal 3 It can be discussed whether the UE shall implement an additional RLM entity to detect the SCG failure status.
Upon detection of physical layer problems, the UE would not need to take any autonomous actions; uplink transmissions for example would be cancelled when the MAC timingAlignmentTimer runs out. 
We believe that at least random access failure and RLC maximum retransmissions failure should be indicated to the MeNB from the UE. This can be done via dedicated RRC signalling, e.g. by a new SCG failure indication message. If RLM is agreed to be supported to the SCG cell, the RLM physical layer problem should also be indicated to the MeNB within this message.
Proposal 4 If RLM is supported to the SCG cell, UE shall inform MeNB of physical layer problem associated with SCG cell.
In the discussion above we observed that the UE does not need to take any autonomous action at SCG failure (PHY, MAC, RLC), in particular does not need to trigger the RRC-reestablishment procedure. The SCG failure status shall be reported to the MeNB which will take the initiative to reconfigure the UE.

Proposal 5 The UE shall not take any autonomous action (such as RRC-reestablishment)   when detecting any type of SCG failure besides informing the MeNB.
3 Conclusion
Based on the discussion in section 2 we conclude with the following proposals:
Proposal 1
UE shall inform MeNB of random access failure associated with an SCG cell.
Proposal 2
UE shall inform MeNB of RLC failure associated with an SCG cell.
Proposal 3
It can be discussed whether the UE shall implement an additional RLM entity to detect the SCG failure status.
Proposal 4
If RLM is supported to the SCG cell, UE shall inform MeNB of physical layer problem associated with SCG cell.
Proposal 5
The UE shall not take any autonomous action (such as RRC-reestablishment)   when detecting any type of SCG failure besides informing the MeNB.
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