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1. Introduction
RAN2 agreed to support MCG split SRB, as shown in figure 1 and named the SN legs as: SRB1S, SRB2S. 
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Figure 1: MCG RRC Delivery
To support DL RRC delivery over SRB1S/SRB2S, RAN3 defined RRC Transfer procedure for MN to deliver DL RRC to SN and for SN to deliver received UL RRC to MN as shown in figure 2. 
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Figure 2: DL MCG RRC delivery to SCG via X2/Xn
With split DRB as reference, last meeting tentatively included Delivery Status IE in RRC Transfer for the SN to feedback MCG split SRB delivery status to MN. 

This paper discusses the use case of the delivery status and proposed further details on how to support the Delivery Status feedback.

2. Use cases of delivery status feedback for MCG split SRB

MCG split SRB was defined by RAN2 for higher RRC delivery reliability and flexible DRX configuration. The RRC may be delivered over the MCG split SRB by either link selection or duplication, refer to relevant RAN2 agreements below from chairman notes of recent RAN2 meetings.

	3:
For MCG split SRB, in downlink, selection of transmission path depends on network implementation
1
UL PDCP duplication is configurable per DRB and, for NR-NR DC case, per SRB.
1:
MN determines to use MCG duplication SRB and configures MCG duplication SRB by MN RRC signalling.
2:
For all DC cases (all MR-DC and NR-NR DC cases) for 'duplication SRB', UL packet transmission is configured by RRC to use MCG path, SCG path or duplicate on both MCG and SCG


Observation 1: RRC is delivered via MCG split SRB either in link selection or duplication. 

In link selection mode, the delivery status feedback is used for MN PDCP to select optimal path and retransmit the lost RRC message. 
Observation 2: In link selection mode, the delivery status feedback is used for MN PDCP to select optimal path and retransmit the lost RRC message.
In duplication mode, the delivery status feedback can be used to reduce unnecessary transmitting an already successfully delivered RRC message.

Observation 3: In duplication mode, the delivery status feedback can be used to reduce unnecessary transmitting an already successfully delivered RRC message.

The intention of using SCTP to carry the MCG split SRB over X2/Xn is to leverage the reliability advantage of SCTP transmission. However, the SCTP reliability is useful only in protecting the backhaul transmission loss. In mobile communication system, the majority of packet loss is in air interface. 

Observation 4: SCTP is useful for reliable transmission between nodes. The feedback to PDCP is for air interface selection and retransmission.

RRC is carried over RLC AM, which is very reliable under good radio condition. The problem is that when radio conditions varies, lower layers can fail, and it is important that the master node is aware in case the SCG leg is becoming unreliable. Inferring SCG leg radio condition from UP feedback is possible, but not a reliable way, e.g. throughput slow-down on the UP side could be caused by capacity issues in UP resources. So, it is not good to rely on UP feedback to extrapolate CP performance.

Observation 5: it is important that the master node is aware timely in case the SCG leg is becoming unreliable.
Proposal 1: Confirm RRC Delivery Status is needed for MCG split SRB in both link selection mode and duplication mode.
3. RRC delivery status feedback to PDCP of MN

DDDS (section 5.5.2.2 of 38.425) designed for split DRB has parameters for RLC entity to feedback delivery status to PDCP entity. However, it has mandatory parameters for throughput optimization (i.e. desired buffer size) , which are not necessary for split SRB. It also has parameters for X2/Xn packet lost detection, which duplicates with the role of SCTP. “Highest transmitted PDCP Sequence Number” is designed mainly for RLC UM and node internal delay estimation. RRC is delivered over RLC AM.
So, a straightforward way is to select only necessary parameters in DDDS. “Highest successfully delivered PDCP Sequence Number” is useful for link selection mode and duplicated mode as discussed in section 2.
Proposal 2: Include “Highest successfully delivered PDCP Sequence Number” in Delivery Status IE of RRC Transfer message.
In split DRB, polling was defined for RLC entity to request DDDS. This mechanism can be used in split SRB for MN to detect the link and delivery status of SN. 
Proposal 3: Include “Report Polling” in Delivery Status IE of RRC Transfer message.
In UL RRC delivery over MCG split bearer, MN can know the delivery status from the “RRC Container” in RRC Transfer message directly. 

Proposal 4: Not to define delivery status for UL RRC delivery of MCG split SRB.

4. Conclusion

Based on above analysis, we have following observations and proposals for MCG RRC delivery via split SRB.
Observation 1: RRC is delivered via MCG split SRB either in link selection or duplication. 

Observation 2: In link selection mode, the delivery status feedback is used for MN PDCP to select optimal path and retransmit the lost RRC message.

Observation 3: In duplication mode, the delivery status feedback can be used to reduce unnecessary transmitting an already successfully delivered RRC message.

Observation 4: SCTP is useful for reliable transmission between nodes. The feedback to PDCP is for air interface selection and retransmission.

Observation 5: it is important that the master node is aware timely in case the SCG leg is becoming unreliable.
Proposal 1: Confirm RRC Delivery Status is needed for MCG split SRB in both link selection mode and duplication mode.
Proposal 2: Include “Highest successfully delivered PDCP Sequence Number” in Delivery Status IE of RRC Transfer message.

Proposal 3: Include “Report Polling” in Delivery Status IE of RRC Transfer message.
Proposal 4: Not to define delivery status for UL RRC delivery over split SRB.
Proposal 5: Agree the TPs for 36.423 and 38.423 below. 
5. Technical Proposal to 36.423 (based on BL CR R3-174252)
-------------------------Start Change--------------------------------
8.X.Y
RRC Transfer
8.X.Y.1
General

The purpose of the RRC Transfer procedure is to deliver an LTE RRC message encapsulated in a PDCP-C PDU to the SgNB so that it may then be forwarded to the UE, or from the SgNB, if it was received from the UE. Delivery status may also be provided from the SgNB to the MeNB using the RRC Transfer.
The procedure is also to enable transfer of the NR RRC message container with the NR measurements from the MeNB to the SgNB, when received from the UE.
The procedure uses UE-associated signalling.

8.X.Y.2
Successful Operation
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Figure 8.X.Y.2-1: RRC Transfer procedure, successful operation.

The MeNB initiates the procedure by sending the RRC TRANSFER message to the SgNB or the SgNB initiates the procedure by sending the RRC TRANSFER message to the MeNB.
The SeNB may include Delivery Status IE with Highest successfully delivered PDCP Sequence Number of the RRC messages successfully delivered to UE. The MeNB may request SeNB to report the Delivery Status by including Report polling in Delivery Status IE of RRC Transfer message to SeNB.
8.X.Y.3
Abnormal Conditions

In case of the MCG split SRBs, the receiving node may ignore the message, if the MeNB has not indicated possibility of RRC transfer at the bearer setup.

-------------------------Next Change--------------------------------

9.1.Z.1
RRC TRANSFER
This message is sent by the MeNB to the SgNB to transfer an RRC message. 
Direction: MeNB ( SgNB or SgNB ( 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
	
	gNB UE X2AP ID

9.2.XX
	Allocated at the SgNB
	YES
	reject

	MCG split SRB
	
	0..1
	
	
	
	

	
> RRC Container
	M
	
	OCTET STRING
	RRC message encapsulated in a PDCP-C PDU 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.bb
	RRC delivery status of MCG split SRB
	YES
	reject

	NR UE Measurement Report
	
	0..1
	
	
	
	

	
> RRC Container
	M
	
	OCTET STRING
	NR UE Measurement report (see TS 38.331 [X])
	YES
	reject


-------------------------Next Change--------------------------------

9.2.bb
Delivery Status
This IE defines the Delivery Status IE of RRC Transfer message.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Highest successfully delivered PDCP Sequence Number
	O
	0..215-1
	INTEGER (0..215-1)
	Highest successfully delivered PDCP Sequence Number defined in TS section 5.5.3.6 of 36.425 [xx].
	–
	

	Report polling
	O
	
	ENUMERATED (TRUE)
	Presence of this field indicates request for delivery status feedback
	–
	


-------------------------Next Change--------------------------------

-- **************************************************************

--

-- RRC Transfer
--

-- **************************************************************

RrcTransfer ::= SEQUENCE {


protocolIEs

ProtocolIE-Container

{{RrcTransfer-IEs}},


...

}

RrcTransfer-IEs X2AP-PROTOCOL-IES ::= {


{ ID id-MeNB-UE-X2AP-ID





CRITICALITY ignore
TYPE UE-X2AP-ID




PRESENCE mandatory}|


{ ID id-SgNB-UE-X2AP-ID





CRITICALITY ignore
TYPE UE-X2AP-ID




PRESENCE mandatory}|


{ ID id-MCGSplitSRB






CRITICALITY ignore
TYPE MCGSplitSRB



PRESENCE optional}|


{ ID id-UENRMeasurement





CRITICALITY ignore
TYPE UENRMeasurement


PRESENCE optional},

{ ID id-DeliveryStatus





CRITICALITY ignore
TYPE DeliveryStatus optional},

...

}
DeliveryStatus ::= SEQUENCE {


HigestSuccessDeliveredSN

INTEGER (0..32767) 

OPTIONAL,

ReportPolling



ENUMERATED (true)

OPTIONAL,

...

}

6. Technical Proposal to 38.423
-------------------------Start Change--------------------------------

8.3.8
RRC Transfer
8.3.8.1
General

The purpose of the RRC Transfer procedure is to deliver an LTE RRC message encapsulated in a PDCP-C PDU to the S-NG-RAN-NODE that it may then be forwarded to the UE, or from the S-NG-RAN-NODE, if it was received from the UE. Delivery status may also be provided from the S-NG-RAN-NODE to the M-NG-RAN-NODE using the RRC Transfer.


The procedure is also used to enable transfer of the NR RRC message container with the NR measurements from the M-NG-RAN-NODE to the S-NG-RAN-NODE, when received from the UE.
The procedure uses UE-associated signalling.

8.3.8.2
Successful Operation


[image: image4.emf]M/S-NG-RAN

node

S/M-NG-RAN

node

RRC TRANSFER


Figure 8.3.8.2-1: RRC Transfer procedure, successful operation.

The M-NG-RAN-NODE initiates the procedure by sending the RRC TRANSFER message to the S-NG-RAN-NODE or the S-NG-RAN-NODE initiates the procedure by sending the RRC TRANSFER message to the M-NG-RAN-NODE.
The S-NG-RAN-NODE may include Delivery Status IE with Highest successfully delivered PDCP Sequence Number of the RRC messages successfully delivered to UE. The M-NG-RAN-NODE may request S-NG-RAN-NODE to report the Delivery Status by including Report polling in Delivery Status IE of RRC Transfer message to S-NG-RAN-NODE.
8.3.8.3
Abnormal Conditions

In case of the MCG split SRBs, the receiving node may ignore the message, if the M-NG-RAN-NODE has not indicated possibility of RRC transfer at the bearer setup.

-------------------------Next Change--------------------------------
9.1.2.15
RRC TRANSFER
This message is sent by the M-NG-RAN-NODE to the S-NG-RAN-NODE to transfer an RRC message. 
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
	
	9.2.13
	
	YES
	reject

	M-NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID

<reference>
	Allocated at the M-NG-RAN node
	YES
	reject

	S-NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID

<reference>
	Allocated at the S-NG-RAN node
	YES
	reject

	MCG split SRB
	
	0..1
	
	
	
	

	>RRC Container
	M
	
	OCTET STRING
	RRC message encapsulated in a PDCP-C PDU and ciphered with the key of the MeNB
	YES
	reject

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

	>Delivery Status
	O
	
	9.2.x
	RRC delivery status of MCG split SRB
	YES
	reject

	NR UE Measurement Report
	
	0..1
	
	
	
	

	>RRC Container
	M
	
	OCTET STRING
	NR UE measurement report (see TS 38.331 [10])
	YES
	reject


-------------------------Next Change--------------------------------

9.2.x
Delivery Status
This IE defines the Delivery Status IE of RRC Transfer message.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Highest successfully delivered PDCP Sequence Number
	O
	0..218-1
	INTEGER (0..218-1)
	Highest successfully delivered PDCP Sequence Number defined in TS section 5.5.3.6 of 38.425 [xx].
	–
	

	Report polling
	O
	
	ENUMERATED (TRUE)
	Presence of this field indicates request for delivery status feedback
	–
	


-------------------------End Change--------------------------------
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