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1. Introduction
In the RAN2#85 meeting, RAN2 discussed the issues on how to deal with the radio link problems on SCG special cell (with PUCCH) and SCG SCell. Some consensuses were made to ask the UE to indicate the MeNB of the RA failure of the SCG special cell and the RLC failure of the SCG [1]. According to the DC (Dual connectivity) architectures, the SCG SCell and special cell share the same RLC entity. Then there is no need to define different solutions for the RLC failure of the SCG. However, how to deal with the RA failure of the SCG SCell and the PHY failure of the SCG special cell and SCell are still unclear. In this contribution, we analyze the impacts caused by these issues, and some potential solutions are provided.
2. Discussion
2.1. How to deal with the PHY failure of the SCG special cell
For the PHY layer issue of the SCG special cell, we could have the following ways for the MeNB to know the PHY layer issue of the SCG special cell:

· Alt 1: enhanced CQI. The CQI report of SCG special cell is enhanced to be sent to the MeNB.
· Alt 2: legacy RRM measurement. The MeNB relies on the RRM measurement of the SCG special cell.
· Alt 3: enhanced RRM measurement. The RRM measurement configuration is enhanced to indicate the UE of the PHY failure. The MeNB detects the PHY failure by the RRM measurement report. The UE fast stops the UL/DL transmission at the SCG special cell while triggering the RRM measurement reporting. 

· Alt 4: PHY RLM. The timer of T310 and the constants of N310 and N311 are introduced at the UE to detect the PHY issue of the SCG special cell, and the UE reports the PHY layer issue to the MeNB upon the T310 expiry of the SCG special cell. The UE fast stops the UL/DL transmission at the SCG special cell upon T310 expiry. 

· Alt 5: SeNB indication. The SeNB by its implementation (like SRS, HARQ, etc.) detects the PHY issue, and indicate the MeNB of the PHY issue via X2 interface.
A comparison table on these solutions is given below:

Table 1: Comparisons on the solutions to the PHY failure of SCG special cell
	
	Support of fast stop
	Flexibility of being extended to monitoring SCell
	Extra signaling over Uu
	Extra signaling over X2
	UE complexity
	Standard effort

	Alt 1
	No
	Good
	High if support duplicated CQI
	Yes if forwarded over X2
	High if support duplicated CQI
	medium

	Alt 2
	No
	Good
	Medium
	No
	low
	No

	Alt 3
	Yes
	Good
	Medium
	No
	Low
	Low

	Alt 4
	Yes
	Bad
	Low
	No
	High
	Low

	Alt 5
	No
	Good
	No
	Yes
	Low
	Low


For Alt 1, the enhanced CQI report may need to be evaluated by RAN1. If the CQI report of the SCG special cell is sent to both the MeNB and the SeNB. This will cost lots of air-interface resources. If the CQI report is forwarded by the SeNB to the MeNB, the non-ideal backhaul latency may not be acceptable for forwarding the CQI report. Furthermore, the SeNB may not be able to get the CQI report of the SCG special cell while the PHY layer issue occurs. 
For Alt 2, the RSRP/RSRQ measurement of the SCG special cell can be used to deduce the PHY layer issue. Unlike the legacy UE, the radio link problem of any SCG serving cell does not trigger the RRC connection reestablishment. The handling of the PHY layer issue should be controlled by the MeNB. The potential concern on the spurious UL transmission as the LS mentioned by RAN4 during the discussion on the legacy CA RLM [5] can still be solved by the MeNB based on the RRM measurements of the SCG special cell, and the mechanism of the MeNB controlling of the PHY failure of the SCG special cell would be similar to the mechanism mentioned in the LS sent from RAN2 to RAN4 [6]. For example, while the MeNB detects the poor DL quality on the SCG special cell, the MeNB can release/change the SCG special to prohibit the UL transmission on the SCG special cell. No significant issue is discovered while using RSRP/RSRQ measurements to monitor the PHY layer issue of the SCG special cell, and there is no impact on the specification. 
For Alt 3, the RRM measurement is enhanced to support the fast UL/DL transmission at the UE, so as to resolve the issue of the spurious UL transmission. According to the legacy RRM measurement, the UE does not know which RRM measurement configuration is used for monitoring the PHY issue. Then an indication (1 bit) should be sent along with the RRM measurement configuration to indicate that the triggering of the RRM measurement reporting means a PHY failure of the cell.  And the solution can be easily extended to monitor the PHY issue of other SCells, so as to avoid the spurious UL transmission.
For Alt 4, the UE needs to maintain two T310 timers, one for detecting the PHY issue of the MCG PCell and another for detecting the PHY issue of the SCG special cell. The network needs to send two sets of configurations for T310, N310 and N311. Then Alt 4 will increase the complexity of both the network and the UE. Furthermore, RAN1 needs to evaluate if the RLM (like Qin and Qout) on the PHY [4] is applicable for the SCG special cell. In Rel-12 or later release, if we want to use the PHY RLM for SCells, the UE complexity would be highly increased with the increasing number of cells monitored.
For Alt 5, the SeNB can detect the PHY issue by implementation. The SeNB can directly trigger the release the SCG if the PHY issue of the SCG special cell is detected. And a release cause can be added in the release message sent by the SeNB. There is no need for the negotiation between the SeNB and the MeNB to release the failed SCG special cell.
From our understanding, Alt 2 can work without any specification impacts. For Alt 5, if the SeNB by implementation can detect the PHY issue of the SCG special cell, we should not restrict the release trigger from the SeNB. 
Proposal 1: The MeNB relies on the RRM measurement from the UE to detect the PHY failure of the SCG special cell.
Proposal 2: The SeNB can trigger the release of the SCG special cell while detecting the PHY failure. Whether a release cause for the PHY failure is needed should be discussed by RAN3.
In the legacy CA, the spurious UL transmission can be resolved by release/deactivate the SCell. In the DC, the MeNB can still release the SCell while detecting the PHY issue of the SCG special cell. To reduce the UE complexity, we prefer to use the legacy RRM measurement for the MeNB to detect the PHY issue of the SCG special cell. Upon the PHY issue of the SCG special cell, the stop of the UL transmission at the SCG special cell relies on the release signaling (RRCConnectionReconfiguration) from the MeNB. Thus a local release of SCG should be supported as given in [2]. The signaling flow of the SCG local release is illustrated in Figure 1. Here the release reconfiguration from the MeNB to the UE and the release indication from the MeNB to the SeNB can be sent in parallel.
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Figure 1: Local release of SCG special cell

Proposal 3: The UE relies on the RRCConnectionReconfiguration from the MeNB to release the SCG special cell to stop the UL transmission upon the PHY failure of the SCG special cell.

2.2. How to deal with the RA/PHY failure of the SCG SCell

According to the agreements made for DC so far, the UE is only allowed to initiate the CFRA (Contention Free Random Access) at the SCG SCell. In the CFRA, Msg0 signals the UE of the dedicated preamble and PRACH resources, and the UE sends the preamble (Msg1) only at the dedicated PRACH resources. Then the SeNB should be able to detect if the CFRA fails, like the legacy CA. Different from the PHY failure of the SCG special cell, the SeNB is able to detect the PHY failure of the SCG special cell by the CQI report through the PUCCH of the SCG special cell. Additionally, the MeNB is also able to detect the PHY failure of the SCG special cell by the RRM measurement. Then there is no need for the UE to indicate the SeNB of the RA/PHY failure of the SCG SCell. The SeNB can deactivate the SCG SCell while detecting the RA/PHY failure of the SCG SCell. 
However the SeNB does not maintain the RRM measurement according to the agreements for DC. When the signal of the SCG SCell becomes good, the SeNB cannot detect it and then activate the SCell. On the other hand, the inter-eNB activation is not supported. When the MeNB detects that the signal of the SCG SCell becomes good by RRM measurement, the MeNB cannot activate the SCell which is deactivated by the SeNB. Furthermore, the MeNB may not be able to know whether the SCG SCell is deactivated. If the SeNB wants to activate the SCell, each RRM measurement report of each SCG SCell has to be forwarded to the SeNB by the MeNB. To minimize the impacts of forwarding RRM measurements over X2 interface, the SeNB triggered releasing of the SCG SCell should be supported upon the RA failure. According to the email discussion for the DC signaling flow [2], the solution to the RA failure of the SCG SCell could be different if the SeNB is not allowed to initiate the release of the main resources (including a SCG SCell) of the SCG.

Observation 1: The SCG SCell should be released upon the RA/PHY failure of the SCG SCell.

Table 2: Comparison between SeNB-initiated Release and MeNB-initiated Release
	Solution 1: MeNB-initiated release of SCG SCell
	Solution 2: SeNB-initiated release of SCG SCell
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According to the comparison given above, if the SeNB is not allowed to initiate the release of a SCG SCell, we will need two more messages (step 2a or 2b + step 3) to release the SCG SCell as illustrated for Solution 1 in Table 2. The SeNB (step 2b) or the UE (step 2a) indicates the MeNB of the RA/PHY failure of the SCG SCell first, and then the MeNB initiates the release (step 3) of the SCG SCell. More standard effort will be required, and the complexity of the network will increase. Thus we prefer Solution 2 to let the SeNB initiate the release of the SCG SCell.
On the other hand, the PHY failure of the SCG SCell can also be detected by the RRM measurement at the MeNB. If the MeNB detects the PHY failure of the SCG SCell, the MeNB can trigger to release the SCG SCell. And the release of the SCG SCell can be also realized by the MeNB local release given in Figure 1. 
Proposal 4: The MeNB relies on the RRM measurement from the UE to detect the PHY failure of the SCG SCell.
Proposal 5: The SeNB can trigger the release of the SCG SCell while detecting the RA/PHY failure of the SCG SCell. Whether a release cause for the RA/PHY failure is needed should be discussed by RAN3.

As both MeNB and SeNB can stop the UL transmission once detecting the PHY issue of the SCG SCell, the UE can rely on the RRCConnectionReconfiguration from the MeNB or the deactivation command from the SeNB to stop the UL transmission on the SCG SCell where the PHY failure occurs.
Proposal 6: The UE relies on the RRCConnectionReconfiguration from the MeNB and the deactivation command from the SeNB to stop the UL transmission upon the RA/PHY failure of the SCG SCell.

3. Conclusion
According to the analysis given in section 2, we have the following proposals:
Observation 1: The SCG SCell should be released upon the RA/PHY failure of the SCG SCell.

For SCG special cell:

Proposal 1: The MeNB relies on the RRM measurement from the UE to detect the PHY failure of the SCG special cell.
Proposal 2: The SeNB can trigger the release of the SCG special cell while detecting the PHY failure of the SCG special cell. Whether a release cause for the PHY failure is needed should be discussed by RAN3.

Proposal 3: The UE relies on the RRCConnectionReconfiguration from the MeNB to release the SCG special cell to stop the UL transmission upon the PHY failure of the SCG special cell.

For SCG SCell:
Proposal 4: The MeNB relies on the RRM measurement from the UE to detect the PHY failure of the SCG SCell.
Proposal 5: The SeNB can trigger the release of the SCG SCell while detecting the RA/PHY failure of the SCG SCell. Whether a release cause for the RA/PHY failure is needed should be discussed by RAN3.

Proposal 6: The UE relies on the RRCConnectionReconfiguration from the MeNB and the deactivation command from the SeNB to stop the UL transmission upon the RA/PHY failure of the SCG SCell.
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