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1   Introduction
In LTE DC, the actions upon radio link failure detection for MCG and SCG were specified in TS 36.331 [1]. Taking the LTE DC mechanism as baseline, in this contribution, we discuss the failure handling on MN RLF and SN RLF and provide our opinions. 
Note: the handling on joint configuration is discussed in separate paper [2].
2   Discussion 
We listed the handling of MCG/SCG failure for LTE DC as below:

Table 1: LTE DC failure cases and handling

	
	Failure cases
	Handling if AS security has not been activated
	Handling if AS security has been activated

	MCG
	RLF
	Leave connected mode
	Trigger reestablishment procedure

	
	Integrity check  failure
	Leave connected mode
	

	
	Reconfiguration failure
	Leave connected mode
	

	
	Intra handover failure
	N/A
	

	
	inter handover failure
	N/A
	

	SCG
	RLF
	N/A ( SCG can only be configured once the AS security has been activated)
	1 Suspend all SCG DRBs and suspend SCG transmission for split DRBs;

2 reset SCG-MAC;

3 stop T307;

4 send SCGFailureInformation

	
	SCG change failure
	
	

	
	Exceeding the maximum uplink transmission timing difference
	
	

	
	SCG configuration failure
	
	Trigger reestablishment procedure


 Note :  in this paper, we only focus on the case “Handling if AS security has been activated” since the DC can only be configured once the AS security has been activated.
Compared with LTE DC, the main difference between intra LTE DC and LTE NR DC are:

1 Split SRB;

2 SCG SRB

3 NR RRC and LTE RRC are in different specifications, and NR RRC has to be embedded into LTE RRC if LTE path is used;

4 new SCG split bearer
MCG Failure handling if the AS security has been active:
1 MCG RLF handling:

Since the split SRB has been agreed for LTE-NR DC, when the MCG suffers RLF, the UE/MeNB can still use SCG path to do communication. If the RRC diversity is configured for the UE, then, when MCG RLF is detected, UE could inform the MN of the MCG RLF with a message similar to SCGFailureInformation via the SN. Then, the MN could trigger RRC connection reconfiguration procedure instead of RRC connection re-establishment.
Proposal 1: In LTE-NR DC for MCG RLF:

· The UE shall trigger reestablishment if split SRB is not configured or SCG cannot be used;

· The UE shall inform MN of the MCG RLF with a message similar to SCGFailureInformation via the SN if Split SRB is configured and the SN path can work.
2 Integrity check  failure 
This is the serious problem since the security cannot be guaranteed. Therefore the reestablishment shall be reused;
3 MCG reconfiguration failure 
As discussed in [2], the reestablishment shall be reused;

4 Intra LTE Handover
So far when MCG handover is performed, the UE will stop the transmission with both MCG and SCG.  The reestablishment shall be reused unless RAN2 agrees that the SgNB path can still work upon MCG handover;

5Inter RAT Handover
To our understanding, LTE/NR DC cannot be used when inter RAT handover is performed, therefore the reestablishment shall be reused unless RAN2 agrees that the SgNB path can still work upon inter RAT handover;

Proposal 2: In LTE-NR DC, the UE shall trigger reestablishment if the MCG failure caused by integrity check failure, reconfiguration failure and intra/inter handover failure.

SgNB Failure handling:
For LTE NR tight inter working, original SgNB RLF, SgNB change failure, exceeding the maximum uplink transmission timing difference and SgNB configuration failure are still valid. In addition, integrity check failure shall be introduced since SgNB SRB has been introduced. For all these failures, the UE shall report the SCGFailureInformation  to the MeNB instead of triggering the reestablishment. 
Proposal 3: In LTE-NR DC, following SgNB failure cases shall be introduced:

· SgNB RLF;

· SgNB change failure;

· exceeding the maximum uplink transmission timing difference;

· SgNB configuration failure;

· SgNB RRC integrity check failure;
Proposal 4: In LTE-NR DC, the UE shall report the SCGFailureInformation to the MeNB instead of triggering the reestablishment upon SgNB failure.
The detailed handling should be:
Proposal 5: Upon SgNB failures, UE shall:

· Suspend all SCG DRBs and suspend SCG transmission for MCG split DRBs and SCG split DRBs;

· Suspend direct SCG SRB;

· Reset SCG-MAC;

· send the SCGFailureInformation message to the MeNB with corresponding cause values .
The corresponding summary is shown in table 2 as below:

Table 2: LTE NR DC failure cases and handling

	
	Failure cases
	Handling 

	MCG
	RLF if Split SRB is configured and the SN path can work.
	The UE shall trigger reestablishment if split SRB is not configured or SCG cannot be used;

Send MCGFailureInformation via the SN to the MN

	
	RLF if Split SRB is not configured or the SN path cannot work.
	Trigger reestablishment procedure

	
	Integrity check  failure
	

	
	Reconfiguration failure
	

	
	Intra handover failure
	

	
	inter handover failure
	

	SCG
	RLF
	1 Suspend all SCG DRBs and suspend SCG transmission for MCG split DRBs and SCG split DRBs;

2 Suspend direct SCG SRB;

3 Reset SCG-MAC;

4 send SCGFailureInformation



	
	SCG change failure
	

	
	Exceeding the maximum uplink transmission timing difference
	

	
	SCG configuration failure
	

	
	SCG integrity check failure
	


3   Conclusion
In this contribution, we discuss the failure handling on MN failure and SN failure and have the following proposals:
Proposal 1: In LTE-NR DC for MCG RLF:

· The UE shall trigger reestablishment if split SRB is not configured or SCG cannot be used;

· The UE shall inform MN of the MCG RLF with a message similar to SCGFailureInformation via the SN if Split SRB is configured and the SN path can work.

Proposal 2: In LTE-NR DC, the UE shall trigger reestablishment if the MCG failure caused by integrity check failure, reconfiguration failure and intra/inter handover failure.

Proposal 3: In LTE-NR DC, following SgNB failure cases shall be introduced:

· SgNB RLF;

· SgNB change failure;

· exceeding the maximum uplink transmission timing difference;

· SgNB configuration failure;

· SgNB RRC integrity check failure;
Proposal 4: In LTE-NR DC, the UE shall report the SCGFailureInformation to the MeNB instead of triggering the reestablishment upon SgNB failure.
Proposal 5: Upon SgNB failures, UE shall:

· Suspend all SCG DRBs and suspend SCG transmission for MCG split DRBs and SCG split DRBs;

· Suspend direct SCG SRB;

· Reset SCG-MAC;

· send the SCGFailureInformation message to the MeNB with corresponding cause values .
The corresponding summary is shown in table 2 as below:

Table 2: LTE NR DC failure cases and handling

	
	Failure cases
	Handling 

	MCG
	RLF if Split SRB is configured and the SN path can work.
	The UE shall trigger reestablishment if split SRB is not configured or SCG cannot be used;

Send MCGFailureInformation via the SN to the MN

	
	RLF if Split SRB is not configured or the SN path cannot work.
	Trigger reestablishment procedure

	
	Integrity check  failure
	

	
	Reconfiguration failure
	

	
	Intra handover failure
	

	
	inter handover failure
	

	SCG
	RLF
	1 Suspend all SCG DRBs and suspend SCG transmission for MCG split DRBs and SCG split DRBs;

2 Suspend direct SCG SRB;

3 Reset SCG-MAC;

4 send SCGFailureInformation



	
	SCG change failure
	

	
	Exceeding the maximum uplink transmission timing difference
	

	
	SCG configuration failure
	

	
	SCG integrity check failure
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