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1 Introduction 
In RAN2 #105, on the topic of “Fast MCG link Recovery”, which is part of the Rel-16 WI on “Multi-RAT Dual Connectivity and Carrier Aggregation enhancements”, it was left as FFS (see highlighted below) whether PCell recovery can be done via SCell(s). In this paper, we address this FFS item when the UE is configured with Carrier Aggregation (CA) only. 
RAN2 #105 agreements [1]:
Agreements
1. MCG failure can be indicated to the network via the SCG. FFS if via SCells. 
2. FFS how the failure is indicated, which SRBs, and which failure case the fast MCG failure recovery.
3. We will aim to have a unified solution for the failure cases that we want to address.






In RAN2 #107, it was agreed that the SRB3 bearer, if configured, can be used for the procedure.
RAN2 #107 agreements [2]: Agreements
1: SRB3, if configured, can be used for MCG fast recovery. 
2: For MCG fast recovery via SRB3, MCG Failure Information message in UL (same message as for SRB1 case) is encapsulated by the UE into an SN RRC message.
3: For MCG fast recovery via SRB3, the MN response message in DL (either a reconfiguration with sync or release message) is encapsulated by the SN in an SN RRC message.
FFS Transmission of the complete message








In this paper, we discuss some RAN2 signalling details related to the use of the SRB3 bearer and address the FFS item mentioned in the agreement above.   
2 PCell recovery via SCell(s) in the CA case 
[bookmark: _Ref535308766][bookmark: _Ref535492080]In the case when UE is configured with CA, if RLF is detected on the PCell, the current (Rel-15) behaviour is that UE performs the RRC re-establishment procedure. 
However, the re-establishment procedure might involve significant delays in data flow resumption. For Rel-16, in order to improve the recovery delay, it was proposed in contribution papers by some companies that recovery can be initiated by the UE sending a PCell failure indication to the network via a configured SCell. Once the network receives the failure indication it can provide a reconfiguration to the UE via an SCell.
We think that PCell recovery via SCell(s) should not be supported. We discuss the reasons for this below.
We first note that scenarios where PCell recovery can be done via SCell(s) should occur rarely. The network should configure the UE to perform measurements on PCell and certain configured SCell(s) and provide measurement reports to the network. If UE measurements indicate that the PCell radio condition is becoming poorer, then based on the received measurement reports the network should direct the UE to perform a handover (through an RRC reconfiguration message sent over the PCell) to an SCell or to a different target cell. Stated more explicitly, the network should direct the UE to perform handover before the PCell radio condition becomes poor enough to be close to RLF conditions. In other words, it is most likely the case that the PCell is the most reliable and the configured SCell(s) less reliable than it, so that if PCell failure has occurred it is likely that recovery through SCell(s) will fail.          
Observation 1. The scenarios where PCell recovery can be done via SCell(s) should occur rarely in practice.
The following pre-conditions are required to be met in order to support the signalling procedure related to PCell recovery via SCell(s). It may not be true that these pre-conditions are satisfied in all scenarios.
· The SCell should be configured for DL and UL transmissions and also activated. In particular, the SCell should be configured with PUCCH resources that UE can use for transmitting an UL Scheduling Request (SR) in order to obtain an UL grant to transmit the RRC PCell failure indication to the gNB upon PCell RLF detection. PDCCH and PUCCH resources should also be configured for DL scheduling assignment and HARQ feedback for the gNB to successfully transmit the network response message to the UE.
· The RRC PCell failure indication message will be transmitted over SRB1. It is required that the logical channel configuration of the SRB1 bearer is such that it allows for the message to be transmitted over the SCell – i.e., if the SRB1 logical channel configuration contains the allowedServingCells IE, this IE should include the SCell over which the RRC PCell failure indication message will be transmitted.
Observation 2. A number of pre-conditions are required to be met in order to support the signalling procedure related to PCell recovery via SCell(s), which may not hold in some scenarios.
Because of the reasons discussed above in Observations 1 and 2, we think, for the CA case, PCell recovery via SCell(s) should not be supported.
[bookmark: _Hlk20843938]Proposal 1. For the CA case, PCell recovery via SCell(s) should not be supported.   
3 Fast MCG Recovery using SRB3 

Upon detection of MCG RLF, UE initiates the procedure. The overall call-flow of the procedure including the signalling messages over the various interfaces is shown in Figure 1 below.  


              

Figure 1: Fast MCG Recovery using the SRB3 bearer
For the RAN2 signalling messages, we have the following proposals.
Proposal 2. The RRC FailureInformation message should be used to carry the MCG failure indication report from the UE to the network.
Proposal 3. A new RRC message DLInformationTransferMRDC should be defined in order to encapsulate the network response message (an RRC reconfiguration or an RRC release message) from the SN to the UE.
Regarding Proposal 3, we note that the RRC FailureInformation message can be used, but its scope needs to be extended to cover the cases when CA duplication is not configured and activated, and when MCG RLF is not triggered by RLC failure alone, but also due to physical layer or MAC layer failure as described in Section 5.3.11 of TS 36.331 [3] and in Section 5.3.10 of TS 38.331 [4].
Upon receiving the network response message, UE performs the RRC connection release procedure (TS 36.331, TS 38.331) or the RRC connection reconfiguration procedure (TS 36.331, TS 38.331) according to the network response received.
In the case when the network response is an RRC reconfiguration (e.g., RRC reconfiguration with sync) indicating that UE should perform a handover to a target MN, UE sends the RRC reconfiguration complete message to the target MN using SRB1 bearer after performing RACH with the target MN. Though this is regular, legacy behaviour we mention this as a proposal.
[bookmark: _GoBack]Proposal 4. In the case when the network response is an RRC reconfiguration message (e.g., RRC reconfiguration with sync) indicating that UE should perform a handover to a target MN, UE sends the RRC reconfiguration complete message to the target MN using SRB1 after performing RACH with the target MN.
3.1 Changes in the FailureInformation message definition
We discuss the changes required (shown below using change marks) in the definition of the RRC FailureInformation message in the NR RRC spec TS 38.331 in order to support the procedure using SRB3. 
The main change is that FailureInformation carries the RRC MCGFailureInformation message as an octet string that is ciphered with the key associated with the MN.
[bookmark: _Hlk20837483]---------------------------------- Start of change, Section 6.2.2, TS 38.331 --------------------------------------------------------
[bookmark: _Toc5285197]6.2.2	Message definitions
….
[bookmark: _Toc5285201]–	FailureInformation
The FailureInformation message is used to inform the network about a failure detected by the UE.
Signalling radio bearer: SRB1 or SRB3
RLC-SAP: AM
Logical channel: DCCH
Direction: UE to network
FailureInformation message
-- ASN1START
-- TAG-FAILUREINFORMATION-START

FailureInformation ::=         SEQUENCE {
    criticalExtensions             CHOICE {
        failureInformation             FailureInformation-IEs,
        criticalExtensionsFuture       SEQUENCE {}
    }
}

FailureInformation-IEs ::=     SEQUENCE {
    failureInfoRLC-Bearer          FailureInfoRLC-Bearer    OPTIONAL,
    lateNonCriticalExtension       OCTET STRING             OPTIONAL,
    nonCriticalExtension           FailureInformation-v16xx-IEsSEQUENCE {}              OPTIONAL
}

FailureInfoRLC-Bearer ::=      SEQUENCE {
    cellGroupId                    CellGroupId,
    logicalChannelIdentity         LogicalChannelIdentity,
    failureType                    ENUMERATED {duplication, spare3, spare2, spare1}
}

FailureInformation-v16xx-IEs ::=	SEQUENCE {
	mcgFailureInformation-r16				OCTET STRING	OPTIONAL,
	lateNonCriticalExtension				OCTET STRING	OPTIONAL,
	nonCriticalExtension					SEQUENCE {}		OPTIONAL
}

-- TAG-FAILUREINFORMATION-STOP
-- ASN1STOP

---------------------------------- End of change, Section 6.2.2, TS 38.331 --------------------------------------------------------
3.2 Definition of the DLInformationTransferMRDC message

The RRC DLInformationTransferMRDC procedure description and message definition is required to be added in the NR RRC spec TS 38.331 in order to support the procedure using SRB3. 
The message includes an IE DLInformationTransferMRDC-IEs, which contains the following IEs, that carry the RRC reconfiguration or the RRC release message.
· dl-DCCH-MessageNR, used for the NR-DC case;
· dl-DCCH-MessageEUTRA, used for the EN-DC and NGEN-DC cases.
The dl-DCCH-MessageNR or dl-DCCH-MessageEUTRA message is an octet string that is ciphered with the key associated with the MN. 
---------------------------------- Start of change, Section 6.2.2, TS 38.331 --------------------------------------------------------
6.2.2	Message definitions
….

[bookmark: _Toc12745794]–	DLInformationTransferMRDC
The DLInformationTransferMRDC message is used for the downlink transfer of MR-DC dedicated information (e.g., for transferring the NR or E-UTRA RRC Reconfiguration message or the RRC Release message).
Signalling radio bearer: SRB3
RLC-SAP: AM
Logical channel: DCCH
Direction: Network to UE
DLInformationTransferMRDC message
-- ASN1START
-- TAG-DLINFORMATIONTRANSFERMRDC-START

DLInformationTransferMRDC ::=	SEQUENCE {
	criticalExtensions					CHOICE {
		c1									CHOICE {
			dlInformationTransferMRDC			DLInformationTransferMRDC-IEs,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture			SEQUENCE {}
	}
}

DLInformationTransferMRDC-IEs ::=	SEQUENCE {
	dl-DCCH-MessageEUTRA			OCTET STRING						OPTIONAL,
	dl-DCCH-MessageNR				OCTET STRING						OPTIONAL,
	lateNonCriticalExtension		OCTET STRING						OPTIONAL,
	nonCriticalExtension			SEQUENCE {}							OPTIONAL
}

-- TAG-DLINFORMATIONTRANSFERMRDC-STOP
-- ASN1STOP

	DLInformationTransferMRDC field descriptions

	dl-DCCH-MessageNR
Includes the DL-DCCH-Message as defined in TS 38.331. In this version of the specification, the field is only used to transfer the NR RRCReconfiguration and the NR RRCRelease messages.

	dl-DCCH-MessageEUTRA
Includes the DL-DCCH-Message as defined in TS 36.331. In this version of the specification, the field is only used to transfer the E-UTRA RRCConnectionReconfiguration and the E-UTRA RRCConnectionRelease messages.



---------------------------------- End of change, Section 6.2.2, TS 38.331 --------------------------------------------------------
4 Conclusion
We recommend that RAN2 discuss the following proposals related to PCell recovery via SCell(s) in the CA case.
Observation 1. The scenarios where PCell recovery can be done via SCell(s) should occur rarely in practice.
Observation 2. A number of pre-conditions are required to be met in order to support the signalling procedure related to PCell recovery via SCell(s), which may not hold in some scenarios.
Proposal 1. For the CA case, PCell recovery via SCell(s) should not be supported.
We recommend that RAN2 discuss the following proposals related to RAN2 signalling details when SRB3 is used for the procedure.
Proposal 2. The RRC FailureInformation message should be used to carry the MCG failure indication report from the UE to the network.
Proposal 3. A new RRC message DLInformationTransferMRDC should be defined in order to encapsulate the network response message (an RRC reconfiguration or an RRC release message) from the SN to the UE.
Proposal 4. In the case when the network response is an RRC reconfiguration message (e.g., RRC reconfiguration with sync) indicating that UE should perform a handover to a target MN, UE sends the RRC reconfiguration complete message to the target MN using SRB1 after performing RACH with the target MN.
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