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1	Introduction
This contribution discusses the handling of RLF in NR with Tight Interworking and the possible impacts on SCG Split Bearers.
2	Dual Connectivity in Rel-12
2.1	Agreements
The main agreements related to the handling of RLF in SCG (S-RLF) were taken at RAN2#87bis:
R2-144540	Report and summary of email discussion [87#22] [LTE/DC] S-RLF and Reestablishment; Huawei (Rapporteur); Report; result of email discussion [87#22] [LTE/DC] S-RLF and Reestablishment; 
Proposal 1: 
-	Nokia Networks thinks that we can go with the proposal but should consider adding it if we decide to address the legacy case. 
Proposal 3: 
-	Ericsson wonders how the initial RA problem is detected as raised in some contributions. Ericsson thinks that we need to be able to detect if no preambles are sent. Ericsson wonders whether this would be an RA or RLM failure. QC agrees that even for the RA the UE has to monitor the L1 control channels. Therefore, it anyway performs RLM before starting RA. Nokia Networks agrees that there need to be means to detect that the cell is not accessible. Huawei thinks that the reporting should be correct. Huawei agrees that UE can start monitoring L1 but it does today not start T310 before RA has been completed. Hence, if the UE detects a L1 sync problem during this phase it should not report RLM failure but rather RA failure. ALU thinks that the UE performs RLM once it synchronizes to a cell. 
Proposal 12: 
-	Ericsson is not sure whether the indication to the SeNB is really useful. Samsung agrees and is concerned that we would then discuss many other cause values. Nokia Networks is not sure whether this is useful information for the SeNB. 

	Agreements

1	HFN de-synchronization is not added as a new trigger of S-RLF.

2	Similarly to how RLM is performed on PCell, physical layer problem on PSCell can be detected based on T310, N310, and N311 kind of timer and counters.

3	The UE starts a timer T304s (Rapporteur to choose appropriate numbers) upon reception of an RRCConnectionReconfiguration with an SCG addition (and the UE stops T310s). The timer is stopped when the RA procedure completes successfully. If the timer expires, the UE reports an S-RLF failure with a new cause value.

3a	SCG’s T310 is only used after successfully completing the RA procedure. 

4	The following RLF parameters are configured:
	- T310, N310, N311 per CG;
	- Maximum RLC retransmission number per RLC entity;
	- Maximum preamble transmission number per CG
	- Value for T304s for the SCG

5	Upon S-RLF, UE does not autonomously change the SCG SCell status (activated/deactivated/configured). 

6	UE shall not autonomously change UL transmission direction to MeNB upon S-RLF. 

7	Similarly to current reestablishment, L2 behaviour is explicitly specified for UE as “UE shall suspend SCG bearer and SCG branch of split bearer, and reset SCG-MAC upon S-RLF”.

8	There is no need to capture “UE is not required to monitor the PDCCH for the SCG upon detecting S-RLF” in RAN2 specification.

9	Measurement results can be included in S-RLF report.

10	S-RLF report can include measurement results of all SCG serving cells + neighbour cells on each frequency for which measurement information was available, in order of decreasing RSRP.

11	The UE does not resume transmission and reception on the SCG unless it receiving a corresponding RRC reconfiguration message with SCG change. 

13	There is no need to provide means for SeNB to notify failure of SCG serving cells to the MeNB.

14	UE shall keep EPS bearer and SCG/Split bearer configuration (including EPS bearer ID, SCG RLC configuration, and configuration of SCG PDCP for SCG bearer) during RRC reestablishment. The UE shall release everything else (SCG SCells, PSCell, MAC main configuration, …)  of the SCG during reestablishment. 

16	The network changes SCG/Split bearer configurations to MCG bearers or releases the bearers in the first RRCConnectionReconfiguration after reestablishment. The network shall not add an SCG in the first RRCConnectionReconfiguration after reestablishment. 

17	No additional work should be done in R12 to support successful RRC re-establishment on SeNB.




Network actions were then discussed at RAN2#88:
R2-144867	Remaining Details for SCG Failure Reporting; Nokia Networks, Nokia Corporation; Disc; 
[Moved from 7.1.2.1 to 7.1.1]
-	Kyocera wonders whether we would need an additional cause value sent from MeNB to SeNB. Nokia Networks does not think so. Kyocera thinks that if the MeNB decides to suggest addition of another SCG cell, it would be good to provide the reason for that. Nokia Networks thinks that the cause value discussion could be left to RAN3. ALU agrees that we don’t need another procedure from RAN2 point of view. 

	Agreements

1	It is up to MeNB implementation how to react to SeNB failure report from UE and which actions to take.

2	There is no need to have an extra procedure from MeNB to SeNB for reporting S-RLF occurrence from RAN2 point of view. 




2.2	Specifications
UE behaviour upon RLF detection on SCG is captured in 36.300 and 36.331:
When DC is configured, the following principles are applied:
-	The configured set of serving cells includes all the cells from MCG and SCG as for CA;
-	The measurement procedure of serving cells belonging to the SeNB shall not be impacted due to RLF of SeNB;
-	Common gap for the MeNB and the SeNB is applied;
-	There is only a single measurement gap configuration for the UE which is controlled and informed by the MeNB.
-	UE determines the starting point of the measurement gap based on the SFN, subframe number and subframe boundaries of the MCG serving cells.
[…]
For DC, PCell supports above phases. In addition, the first phase of the radio link failure procedure is supported for PSCell. However, upon detecting RLF on the PSCell, the re-establishment procedure is not triggered at the end of the first phase. Instead, UE shall inform the radio link failure of PSCell to the MeNB.
[…]
The UE shall:
1>	upon T313 expiry; or
1>	upon random access problem indication from SCG MAC; or
1>	upon indication from SCG RLC that the maximum number of retransmissions has been reached for an SCG or split DRB:
2>	consider radio link failure to be detected for the SCG i.e. SCG-RLF;
2>	initiate the SCG failure information procedure as specified in 5.6.13 to report SCG radio link failure;
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A UE initiates the procedure to report SCG failures when SCG transmission is not suspended and when one of the following conditions is met:
1>	upon detecting radio link failure for the SCG, in accordance with 5.3.11; or
1>	upon SCG change failure, in accordance with 5.3.5.7a; or
1>	upon stopping uplink transmission towards the PSCell due to exceeding the maximum uplink transmission timing difference when powerControlMode is configured to 1, in accordance with subclause 7.17.2 of TS 36.133 [29].
Upon initiating the procedure, the UE shall:
1>	suspend all SCG DRBs and suspend SCG transmission for split DRBs;
1>	reset SCG-MAC;
1>	stop T307;
1>	initiate transmission of the SCGFailureInformation message in accordance with 5.6.13.3;

3	S-RLF with Tight Interworking
In a cloud implementation, upper layers can span multiple cells and a 5G spotty coverage does not necessarily require re-establishments as long as SCG split bearer is used. This is depicted on Figure 3-1 below where the same CU manages SCell A, B and C. For instance, when the UE, under the coverage of the LTE PCell, moves towards the edge of the PCell, it first sees SCell A, then SCell B and finally SCell C. When SCell A is first met, tight interworking can be setup with an SCG split bearer. Loosing SCell A before adding SCell B should not lead to dropping the SCG bearer since communication with the MCG (the LTE Cell) is still possible. This would avoid frequent path switch with spotty 5G coverage and allow to leverage the benefits of a cloud implementation. This has already been captured in the RAN2 TR as “For UE moving from SN coverage to the area without the coverage of any SN scenario, interruption limited thanks to the ability of the MN to transmit data for the split bearers (e.g., by NW implementation)”
Observation 1: maintaining SCG split bearer during loss of NR radio is beneficial.
 


Figure 3-1: Tight Interworking Example
This seems also aligned with Rel-12 discussions where network actions upon notification of S-RLF are left unspecified. In other words, whether the SCG split bearer is maintained or not upon S-RLF should be a network decision.
Proposal 1: whether the SCG split bearer is maintained or not upon S-RLF in tight interworking should be a network decision.
However, while in Rel-12, SCG change was required for the UE to “recover” from S-RLF, this is not necessarily the case in a cloud implementation anymore as explained above. Consequently, when the MeNB receives the SCGFailureInformation from the UE, it has now has four choices:
1) MeNB can release the SCG – as in Rel-12;
2) MeNB can perform SCG change to a different SgNB – as in Rel-12;
3) MeNB can perform SCG change (e.g. PSCell release) to the same SgNB – as in Rel-12;
4) MeNB only informs the SgNB – new.
For cases 1 and 2, the MeNB will release the old SgNB. For case 3, the MeNB will send SCG modification request (likely changing at least the PSCell) to the SgNB. Case 4 either mean that the MeNB waits to perform one of the first 3 choices, or relies on the UE and the SgNB to select a new PSCell as per the agreement on intra-secondary node mobility: Intra-secondary node mobility should be managed by the secondary node itself. PSCell change and SCell addition/release are regarded as the part of the intra-secondary node mobility.
Proposal 2: after receiving SCGFailureInformation, the MeNB can notify the SgNB about the failure.
In Rel-12, only the MeNB was made aware of the S-RLF by the UE through SCGFailureInformation. With tight interworking, though, if a split SRB is configured at the SgNB, there is now the possibility for the UE to directly inform the SgNB even when the NR coverage fails.
Observation 2: with an SRB configured as SCG Split Bearer, the UE can directly inform the SgNB of S-RLF.
When the SgNB receives the RLF indication directly from the UE, the SgNB has two choices:
1)	SgNB can trigger an SCG release – as in Rel-12;
2)	SgNB does nothing – new.
For the 1st case, the SgNB will send a release request to the MeNB. For the 2nd case, the SgNB will wait for UE access (re-establishment like procedure) or new measurements. Hence, depending on the circumstances, SgNB can initiate a release or change of SgNB to the MeNB, or the SgNB can decide to wait to receive further information via UE measurements. That should be left to SgNB implementation.
Proposal 3: after receiving SCGFailureInformation, it is up to the SgNB which action to take (e.g. SgNB release, change of SgNB…).
Naturally, whether the MeNB, the SgNB or both are to receive the RLF information should be discussed but it is a discussion that generally applies to SRB handling.
Going further into details, when compared to Rel-12 mechanisms, we believe that SCG-MAC should still be reset, that SCG transmission for split DRBs should also be suspended and finally that SCGFailureInformation should be sent upon detection of S-RLF.
Proposal 4: upon S-RLF in tight interworking, SCG transmission is suspended, SCG-MAC is reset and SCGFailureInformation is sent.
However, unlike in Rel-12 where it was agreed that “UE shall not autonomously change UL transmission direction to MeNB upon S-RLF”, UE autonomous action would be beneficial to maintain communication as explained above.
Proposal 5: upon S-RLF, the UE changes the UL transmission direction from the SgNB to the MeNB.
Conclusions
This contribution has discussed the impacts of S-RLF in tight interworking. To leverage the benefits of the SCG split bearer and handle 5G coverage holes gracefully, the following was proposed:
Observation 1: maintaining SCG split bearer during loss of NR radio is beneficial.
Proposal 1: whether the SCG split bearer is maintained or not upon S-RLF in tight interworking should be a network decision.
Proposal 2: after receiving SCGFailureInformation, the MeNB can notify the SgNB about the failure.
Observation 2: with an SRB configured as SCG Split Bearer, the UE can directly inform the SgNB of S-RLF.
Proposal 3: after receiving SCGFailureInformation, it is up to the SgNB which action to take (e.g. SgNB release, change of SgNB…).
Proposal 4: upon S-RLF in tight interworking, SCG transmission is suspended, SCG-MAC is reset and SCGFailureInformation is sent.
Proposal 5: upon S-RLF, the UE changes the UL transmission direction from the SgNB to the MeNB.
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