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1 Introduction 
In the RAN2 Rel-16 WI on Multi-RAT Dual Connectivity and Carrier Aggregation (MR-DC/CA) enhancements, it has been agreed that the UE shall support the Fast MCG Recovery procedure in case it is configured with either a split SRB1 bearer or an SRB3 bearer. We highlight RAN2 agreements below that are relevant to the discussion in this paper.
RAN2 #105-bis agreements [1]:
Agreements for MCG fast recovery:
0	MCG fast recovery targets all MRDC architecture options
1:	When MCG failure occurs, UE follows SCG failure-like procedure:
i.	UE does not trigger RRC connection re-establishment. 
ii.	UE triggers an MCG failure procedure in which a failure information message is transmitted to the network via SCG.
2: 	MCG fast recovery targets the following use cases MCG leg RLF
FFS: Other uses cases. Can consider in future whether the mechanism can be also be applied in the case of other MCG failures. 
3	MCG fast recovery can only be triggered after AS security has been activated and the SRB2 and at least one DRB have been setup 
4	MCG failure indication should include:
i.	Available measurement results of MCG
ii.	MCG link failure cause
iii.	Available measurement results of SCG
iv.	Available measurement results of non-serving cells
5: 	For MCG failure indication, new RRC message in introduced, e.g. MCGFailureInformation.
6: 	SCG leg of the split SRB1 can be used for MCG fast recovery. 
FFS: If configured, SRB3 can be used for MCG fast recovery. Priority is to complete the solution based on split SRB1
7:	New SRB is not introduced for MCG fast recovery.

RAN2 #106 agreements [2]:
Agreements 
FFS Whether a guard timer is needed for the MCG failure indication message
1	Once the MCG failure indication is triggered, the UE shall:
-	transmit the MCG failure indication;
−	suspend MCG transmission for all SRBs and DRBs;
−	reset MCG-MAC;
−	maintain the current measurement configurations from both the MN and the SN, and continue measurements based on configuration from the MN and the SN if possible.
FFS whether switch the primaryPath to SCG is needed

2	If SCG failure is detected while MCG is suspended then initiate RRC re-establishment procedure 

3	Upon receiving the MCG failure indication, the MN sends reconfiguration with sync or RRC Release to the UE via SRB1.

4	Upon reception of reconfig with sync the UE resumes MCG transmission if suspended

RAN2 #107 agreements [3]:
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

[bookmark: _Hlk20866944]In this paper we discuss the RAN3 signalling required to support the procedure. The paper discusses the signalling details for the two cases when split SRB1 and when SRB3 is used for the procedure.                   
2 [bookmark: _Ref535308766][bookmark: _Ref535492080]Description of the procedure and overall call-flow      
The overall call-flow of the procedure in the two cases when split SRB1 and when SRB3 is used for the procedure are shown in Figure 1 and Figure 2 below. A brief description of the steps of the procedure is provided below.

       
Figure 1: Fast MCG Recovery procedure using split SRB1 bearer


        
Figure 2: Fast MCG Recovery using SRB3 bearer
Step 0: Upon detection of MCG RLF, UE initiates the procedure if the SCG leg is available and split SRB1 or SRB3 bearer is configured.
[bookmark: _Hlk20868762]Steps 1, 5: In the case when split SRB1 is used, RLC SDU encapsulates the RRC MCGFailureInformation message from the UE and the response message from the network.  
In the case when SRB3 is used, the RRC FailureInformation message can be used to carry the RRC MCGFailureInformation message from the UE. The message is carried as an octet string that is ciphered with the key associated with the MN. The RRC FailureInformation message in TS 38.331 needs to be modified to include the RRC MCGFailureInformation message. 
A new RRC message, DLInformationTransferMRDC (the DL counterpart of the RRC ULInformationTransferMRDC message (see TS 36.331)), needs to be defined to carry the network (MN) response message, which can be either an RRC reconfiguration or an RRC release message, to the UE. The message is carried as an octet string that is ciphered with the key associated with the MN.  The RRC DLInformationTransferMRDC procedure description and message definition are required to be added in the NR RRC spec TS 38.331.
[bookmark: _Hlk20868345]Steps 2, 4: The X2AP or XnAP RRC Transfer procedure can be used to transfer the RRC MCGFailureInformation message from the UE and the network response message over the X2 or Xn interface between SN and MN. 
In the case when split SRB1 is used, the RRC Transfer message contains the PDCP PDU encapsulating the transmitted RRC message to and from the UE, as shown in Figure 1.  
In the case when SRB3 is used, the RRC Transfer message contains the transmitted RRC message to and from the UE as an octet string, as shown in Figure 2.  
Step 6: The UE performs the RRC connection release or the RRC connection reconfiguration procedure according to the network response received.
Proposal 1a. The X2AP or XnAP RRC Transfer procedure should be used to transfer the RRC MCGFailureInformation message from the UE and the response message from the network (MN) over the X2 or Xn interface between SN and MN. 
Proposal 1b. In the case when split SRB1 is used, the RRC Transfer message contains the PDCP PDU encapsulating the transmitted RRC message to and from the UE.  
In the case when SRB3 is used, the RRC Transfer message contains the transmitted RRC message to and from the UE as an octet string.
For the split SRB1 case, no modifications are required to the RRC Transfer message definitions in the X2 and Xn specifications (Section 9.1.4.21, TS 36.423, and Section 9.1.2.20, TS 38.423, respectively) in order to support the procedure.
Observation 1. For the split SRB1 case, no modifications are required to the RRC Transfer message definitions in the X2 and Xn specifications (TS 36.423, TS 38.423) in order to support the procedure.
For the SRB3 case, we discuss below the RAN2 signalling details and the modifications required to the RRC Transfer message definitions in the X2 and Xn specifications.
3 RAN2 signalling details for SRB3 case
We discuss RAN2 signalling details for the SRB3 case here in order to provide background for the RAN3 signalling details to be discussed in the next section. 
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 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 RAN3 signalling details for SRB3 case
We discuss the modifications required (shown using change marks) to the RRC Transfer message definitions in the X2 and Xn specs, TS 36.423 and TS 38.423, in order to support the procedure.
The main changes can be described as follows:
· [bookmark: _Hlk20921385]Introduction of Xn/X2 containers to carry the RRC MCGFailureInformation message from SN to MN. 
Two alternatives are presented with regard to changes in TS 36.423:
· Alternative 1: A separate IE E-UTRA UE Report is introduced to carry the RRC MCGFailureInformation message.
· Alternative 2: The existing IE NR UE Report is reused to carry the RRC MCGFailureInformation message and renamed as UE Report. We prefer this alternative as it provides slightly more signalling efficiency. 
· Introduction of Xn/X2 containers to carry the network response RRC message from MN to SN.
[bookmark: _Hlk20921580]Proposal 2. For the SRB3 case, the following changes are required to the RRC Transfer message definitions in the X2 and Xn specifications:
· Addition of Xn/X2 containers to carry the RRC MCGFailureInformation message from SN to MN.
· Addition of Xn/X2 containers to carry the network response RRC message from MN to SN.

--------------------------Start of change, Section 9.1.4.21, TS 36.423, Alternative 1 --------------------------------------------
[bookmark: _Toc14207802]9.1.4.21	RRC TRANSFER
This message is sent by the MeNB to the en-gNB or by the en-gNB to the MeNB to transfer an RRC message.
Direction: MeNB  en-gNB or en-gNB  MeNB.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	MeNB UE X2AP ID
	M
	
	eNB UE X2AP ID
9.2.24
	Allocated at the MeNB.
	YES
	reject

	SgNB UE X2AP ID
	M
	
	en-gNB UE X2AP ID
9.2.100
	Allocated at the en-gNB.
	YES
	reject

	Split SRB
	
	0..1
	
	
	
	

	>RRC Container
	O
	
	OCTET STRING
	Contains a PDCP-C PDU encapsulating an RRC message as defined in subclause 6.2.1 of TS 36.331 [9] and ciphered with the key of the MeNB
	YES
	reject

	>SRB Type
	M
	
	ENUMERATED (srb1, srb2, ...)
	The SRB type
	YES
	reject

	>Delivery Status
	O
	
	9.2.104
	DL RRC delivery status of split SRB
	YES
	reject

	NR UE Report
	
	0..1
	
	
	
	

	>RRC Container
	M
	
	OCTET STRING
	Includes the UL-DCCH-Message as defined in subclause 6.2.1 of TS 38.331 [31] containing the MeasurementReport message or FailureInformation message.
	YES
	reject

	E-UTRA UE Report
	
	0..1
	
	
	
	

	>RRC Container
	M
	
	OCTET STRING
	Includes the RRC MCGFailureInformation message as defined in subclause 6.2.2 of TS 36.331 [9]. 
	YES
	reject

	MeNB RRC message
	
	0..1
	
	
	
	

	>RRC Container
	M
	
	OCTET STRING
	Includes the DL-DCCH-Message as defined in subclause 6.2.1 of TS 36.331 [9] containing the RRCConnectionReconfiguration message or the RRCConnectionRelease message.
	YES
	reject

	MeNB UE X2AP ID Extension
	O
	
	Extended eNB UE X2AP ID
9.2.86
	Allocated at the MeNB.
	YES
	reject



---------------------------------- End of change, Section 9.1.4.21, TS 36.423, Alternative 1 ------------------------------------



--------------------------Start of change, Section 9.1.4.21, TS 36.423, Alternative 2 --------------------------------------------
9.1.4.21	RRC TRANSFER
This message is sent by the MeNB to the en-gNB or by the en-gNB to the MeNB to transfer an RRC message.
Direction: MeNB  en-gNB or en-gNB  MeNB.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	MeNB UE X2AP ID
	M
	
	eNB UE X2AP ID
9.2.24
	Allocated at the MeNB.
	YES
	reject

	SgNB UE X2AP ID
	M
	
	en-gNB UE X2AP ID
9.2.100
	Allocated at the en-gNB.
	YES
	reject

	Split SRB
	
	0..1
	
	
	
	

	>RRC Container
	O
	
	OCTET STRING
	Contains a PDCP-C PDU encapsulating an RRC message as defined in subclause 6.2.1 of TS 36.331 [9] and ciphered with the key of the MeNB
	YES
	reject

	>SRB Type
	M
	
	ENUMERATED (srb1, srb2, ...)
	The SRB type
	YES
	reject

	>Delivery Status
	O
	
	9.2.104
	DL RRC delivery status of split SRB
	YES
	reject

	NR UE Report
	
	0..1
	
	
	
	

	>RRC Container
	M
	
	OCTET STRING
	Includes the UL-DCCH-Message as defined in subclause 6.2.1 of TS 38.331 [31] containing the MeasurementReport message or FailureInformation message, or the RRC MCGFailureInformation message as defined in subclause 6.2.2 of TS 36.331 [9].
	YES
	reject

	MeNB RRC message
	
	0..1
	
	
	
	

	>RRC Container
	M
	
	OCTET STRING
	Includes the DL-DCCH-Message as defined in subclause 6.2.1 of TS 36.331 [9] containing the RRCConnectionReconfiguration message or the RRCConnectionRelease message.
	YES
	reject

	MeNB UE X2AP ID Extension
	O
	
	Extended eNB UE X2AP ID
9.2.86
	Allocated at the MeNB.
	YES
	reject



---------------------------------- End of change, Section 9.1.4.21, TS 36.423, Alternative 2 ------------------------------------
------------------------------------ Start of change, Section 9.1.2.20, TS 38.423 --------------------------------------------------
[bookmark: _Toc14207514]9.1.2.20	RRC TRANSFER

This message is sent by the M-NG-RAN-NODE to the S-NG-RAN-NODE to transfer an RRC message or from the S-NG-RAN-NODE to the M-NG-RAN-NODE to report the DL RRC message delivery status.
Direction: M-NG-RAN node  S-NG-RAN node or S-NG-RAN node  M-NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	M-NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the M-NG-RAN node
	YES
	reject

	S-NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the S-NG-RAN node
	YES
	reject

	Split SRB
	
	0..1
	
	
	YES
	reject

	>RRC Container
	O
	
	OCTET STRING
	Contains a PDCP-C PDU encapsulating an RRC message as defined in subclause 6.2.1 of TS 38.331 [10] or TS 36.331 [14] and ciphered with the key of the M-NG-RAN node
	–
	

	>SRB Type
	M
	
	ENUMERATED (srb1, srb2, ...)
	The SRB type to be used
	–
	

	>Delivery Status
	O
	
	9.2.3.45
	DL RRC delivery status of split SRB
	–
	

	UE Report
	
	0..1
	
	
	YES
	reject

	>RRC Container
	M
	
	OCTET STRING
	For NGEN-DC and NR-DC, includes the UL-DCCH-Message as defined in subclause 6.2.1 of TS 38.331 [10] containing the MeasurementReport message or the FailureInformation message, or the RRC MCGFailureInformation message as defined in subclause 6.2.2 of TS 36.331 [14]. 
For NE-DC, includes the UL-DCCH-Message as defined in subclause 6.2.1 of TS 36.331 [14] containing the MeasurementReport message.
For NR-DC, includes the UL-DCCH-Message as defined in subclause 6.2.1 of TS 38.331 [10] containing the MeasurementReport message or the FailureInformation message, or the RRC MCGFailureInformation message as defined in subclause 6.2.2 of TS 38.331 [10]. 
	–
	

	MN RRC message
	
	0..1
	
	
	YES
	reject

	     >RRC Container
	M
	
	OCTET STRING
	For NGEN-DC, includes the DL-DCCH-Message as defined in subclause 6.2.1 of TS 36.331 [14] containing the RRCConnectionReconfiguration message or the RRCConnectionRelease message.
For NR-DC, includes the DL-DCCH-Message as defined in subclause 6.2.1 of TS 38.331 [10] containing the RRCReconfiguration message or the RRCRelease message.
	–
	



------------------------------------ End of change, Section 9.1.2.20, TS 38.423 --------------------------------------------------

5 [bookmark: _GoBack]Conclusions
[bookmark: _Hlk512894710]Based on the above discussions, we recommend that RAN3 discuss the following observations and proposals and agree on the RAN3 signalling required to support the Fast MCG Recovery procedure.

Proposal 1a. The X2AP or XnAP RRC Transfer procedure should be used to transfer the RRC MCGFailureInformation message from the UE and the response message from the network (MN) over the X2 or Xn interface between SN and MN. 
Proposal 1b. In the case when split SRB1 is used, the RRC Transfer message contains the PDCP PDU encapsulating the transmitted RRC message to and from the UE.  
In the case when SRB3 is used, the RRC Transfer message contains the transmitted RRC message to and from the UE as an octet string.

Observation 1. For the split SRB1 case, no modifications are required to the RRC Transfer message definitions in the X2 and Xn specifications (TS 36.423, TS 38.423) in order to support the procedure.
Proposal 2. For the SRB3 case, the following changes are required to the RRC Transfer message definitions in the X2 and Xn specifications:
· Addition of Xn/X2 containers to carry the RRC MCGFailureInformation message from SN to MN.
· Addition of Xn/X2 containers to carry the network response RRC message from MN to SN.
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