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1
Introduction
Last RAN2 meeting ([1]) agreed to adopt Option 1b for transferring of F1AP signaling over X2 interface. This contribution proposes the required changes to the X2 interface. 

2
Discussion

RAN2 agreed following solution to support transfer of F1AP signaling over X2 interface
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Figure 1: Option 1b

2.1 
Impact to X2AP

X2AP specification shall support the transfer of the F1AP signalling between MeNB and en-gNB. F1AP is transferred as part of the SCTP DATA CHUNK.  Other SCTP CHUNKs, e.g. INIT, INIT ACK, HEARTBEAT, etc. also need to be transferred between the IAB-DU and the Donor gNB-CU. Even it may be argued that the non-F1AP SCTP DATA CHUNKs (i.e. not including the F1AP) can be transferred over the NR leg, it is better that all SCTP CHUNKs can be transmitted via the same path, i.e. via the LTE leg. Otherwise, it may jeopardize the SCTP association. For example, the Heartbeat over the NR leg cannot verify whether the path via the LTE leg is ok. Per RAN2 agreement,  the whole IP packets (i.e. F1AP + SCTP + IP) are transferred over the X2 interface. So we propose the X2AP interface is enhanced to transfer the IP packets of the F1-C interface.
Proposal 1: the X2 interface need to be enhanced to transfer the IP packets of the F1-C interface, which includes the F1AP, as well as other SCTP CHUNKs between the MeNB and en-gNB, in order to support the F1AP and the SCTP association between the IAB-DU and IAB-Donor.
One may consider to enhance current X2AP RRC Transfer procedure. However, transferring the F1-C IP packets is quite different to current purpose of the X2AP RRC Transfer procedure, which 

· is to deliver a PDCP-C PDU encapsulating an LTE RRC message to the en-gNB so that it may then be forwarded to the UE, or from the en-gNB, if it was received from the UE. Delivery status may also be provided from the en-gNB to the MeNB using the RRC Transfer.

· is also to enable transfer of the NR RRC message container with the NR measurements from the MeNB to the en-gNB, when received from the UE.

· is also to enable transfer of the NR RRC message container with the NR failure information from the MeNB to the en-gNB, when received from the UE.
Observation 1: It is not appropriate to reuse existing X2AP RRC Transfer procedure, since transferring the IP packets of F1-C interface is quite different to the purpose of the X2AP RRC Transfer procedure.
It is better to introduce a new X2AP procedure. 

Proposal 2: Introduce a new X2AP F1-C IP Transfer procedure to support the transfer of IP packets including F1AP between MeNB and Donor gNB-CU. 
3
Conclusions
In this contribution, we have analysed how to support IAB EN-DC from RAN3 perspective. Our proposals are: 

Proposal 1: the X2 interface need to be enhanced to transfer the IP packets of the F1-C interface, which includes the F1AP, as well as other SCTP CHUNKs between the MeNB and en-gNB, in order to support the F1AP and the SCTP association between the IAB-DU and IAB-Donor.
Observation 1: It is not appropriate to reuse existing X2AP RRC Transfer procedure, since transferring the IP packets of F1-C interface is quite different to the purpose of the X2AP RRC Transfer procedure.
Proposal 2: Introduce a new X2AP F1-C IPCIP Transfer procedure to support the transfer of IP packets including F1AP between MeNB and Donor gNB-CU. 
The proposed change to TS36.423 BL CR can be found at the end of this contribution. 
References

[1] R3-200018, BL CR to 36.423: Support for IAB 
[2] R3-20xxxx/R2-1916577, LS on F1AP over LTE leg signalling for IAB
[3] R3-196764, (TP for NR-IAB BL CR for TS 36.423) Transferring F1AP over X2 interface to support IAB EN-DC
Proposed TP to TS36.423 BL CR:
-------------------------------------------Start of Change -------------------------------------------
2
References

>>>
Unaffected parts skipped    <<<

[40]
3GPP TS 36.322: "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Link Control (RLC) protocol specification".
[x]
3GPP TS 38.473: "NG-RAN; F1 Application Protocol (F1AP)".
[y]
IETF RFC 4960 (2007-09): "Stream Control Transmission Protocol".
-------------------------------------------Next Change -------------------------------------------
7
Functions of X2AP

The X2AP protocol provides the following functions:

-
Mobility Management. This function allows the eNB to move the responsibility of a certain UE to another eNB. Forwarding of user plane data, Status Transfer and UE Context Release function are parts of the mobility management.

-
Dual Connectivity. This function allows the eNB to request another eNB to provide radio resources for a certain UE while keeping responsibility for that UE.

-
E-UTRA-NR Dual Connectivity. This function allows the eNB to request another en-gNB to provide radio resources for a certain UE while keeping responsibility for that UE.

-
Load Management. This function is used by eNBs to indicate resource status, overload and traffic load to each other.

-
Reporting of General Error Situations. This function allows reporting of general error situations, for which function specific error messages have not been defined.

-
Resetting the X2. This function is used to reset the X2 interface.
-
Setting up the X2. This function is used to exchange necessary data for the eNB or en-gNB for setup the X2 interface and implicitly perform an X2 Reset.

-
eNB Configuration Update. This function allows updating of application level data needed for two eNBs to interoperate correctly over the X2 interface.

-
Mobility Parameters Management. This function allows the eNB to coordinate adaptation of mobility parameter settings with a peer eNB.
-
Mobility Robustness Optimisation. This function allows reporting of information related to mobility failure events.
-
Energy Saving. This function allows decreasing energy consumption by enabling indication of cell activation/deactivation over the X2 interface.

-
X2 Release. This function allows an eNB to be aware that the signalling connection to a peer eNB is unavailable.

-
Message Transfer. This function allows indirect transport of X2AP messages to a peer eNB.

-
Registration. This function allows registration of eNB in case indirect transport of X2AP messages is supported.

-
Removing the X2. This function allows removing the signalling connection between two eNBs or between eNB and en-gNB in a controlled manner.

-
Inter-eNB UE Context Retrieval. This function allows retrieval of a UE context in case of resumption or re-establishment of an RRC connection.

-
Secondary RAT Data Usage Report. This function allows eNB to get the uplink and downlink data volumes for the Secondary RAT on a per E-RAB basis.

-
E-UTRA - NR Spectrum Sharing. This function allows uplink and downlink spectrum sharing between a number of E - UTRA and a number of NR cells with overlapping coverage.

-
EN-DC Configuration Transfer. This function supports en-gNB X2 TNL address discovery.
-
F1-C IP Packet Transfer. This function allows transport of the F1-C IP packet between the MeNB and the en-gNB.
The mapping between the above functions and X2 EPs is shown in the table below.

Table 7-1: Mapping between X2AP functions and X2AP EPs

	Function
	Elementary Procedure(s)

	Mobility Management
	a) Handover Preparation
b) SN Status Transfer
c) UE Context Release

d) Handover Cancel

	Dual Connectivity
	a) SeNB Addition Preparation

b) SeNB Reconfiguration Completion

c) MeNB initiated SeNB Modification Preparation

d) SeNB initiated SeNB Modification

e) MeNB initiated SeNB Release

f) SeNB initiated SeNB Release

g) SeNB Counter Check

	E-UTRA-NR Dual Connectivity
	a) SgNB Addition Preparation

b) SgNB Reconfiguration Completion

c) MeNB initiated SgNB Modification Preparation

d) SgNB initiated SgNB Modification

e) SgNB change

f) MeNB initiated SgNB Release

g) SgNB initiated SgNB Release

h) SgNB Counter Check

i) RRC transfer

j) EN-DC X2 Setup

k) EN-DC Configuration Update

l) EN-DC Cell Activation

m) SgNB Activity Notification

n) EN-DC X2 Removal
o) gNB Status Indication

	Load Management
	a) Load Indication

b) Resource Status Reporting Initiation

c) Resource Status Reporting

	Reporting of General Error Situations
	Error Indication

	Resetting the X2
	Reset

	Setting up the X2
	X2 Setup

	eNB Configuration Update
	a) eNB Configuration Update

b) Cell Activation

	Mobility Parameters Management
	Mobility Settings Change

	Mobility Robustness Optimisation
	a) Radio Link Failure Indication

b) Handover Report

	Energy Saving
	a) eNB Configuration Update

b) Cell Activation

	X2 Release
	X2 Release

	Message Transfer Registration
	X2AP Message Transfer

	Removing the X2
	X2 Removal

	Inter-eNB UE Context Retrieval
	a) Retrieve UE Context

b) Data Forwarding Address Indication

	Secondary RAT Data Usage Report
	Secondary RAT Data Usage Report

	E-UTRA – NR Spectrum Sharing
	E-UTRA - NR Cell Resource Coordination

	EN-DC Configuration Transfer
	EN-DC Configuration Transfer

	F1-C IP Packet Transfer
	F1-C IP Packet Transfer


-------------------------------------------Next Change -------------------------------------------
8.7.X
F1-C IP Packet Transfer

8.7.X.1
General

The purpose of the F1-C IP Packet Transfer procedure is to deliver a F1-C IP packet to the MeNB so that it may then be forwarded to the UE, or to the en-gNB, if it was received from the UE. 
The procedure uses UE-associated signalling.

8.7.X.2
Successful Operation
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Figure 8.7.X.2-1: F1-C IP Packet Transfer procedure, successful operation.

Either the MeNB initiates the procedure by sending the F1-C IP PACKET TRANSFER message including the received DedicatedInfoF1AP-r16 IE as specified in TS36.331 [9] to the en-gNB, or the en-gNB initiates the procedure by sending the F1-C IP PACKET TRANSFER message to the MeNB.

Upon reception of the F1-C IP PACKET TRANSFER message, the MeNB shall deliver the contained F1-C IP packet to the UE as specified in TS36.331 [9]. 

Upon reception of the F1-C IP PACKET TRANSFER message, the en-gNB shall handle the received F1-C IP packet as specified in IETF RFC 4960 [y] and TS38.473 [x].
8.7.x.3
Unsuccessful Operation

Not Applicable.

8.7.x.4
Abnormal Condition

Not Applicable.

-------------------------------------------Next Change -------------------------------------------
9.1.4.x
F1-C IP PACKET TRANSFER

This message is sent by the MeNB to the en-gNB or by the en-gNB to the MeNB to transfer a F1-C IP packet.

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

	F1-C IP Packet 
	M
	
	OCTET STRING
	Includes an F1-C IP packet,  corresponds to the DedicatedInfoF1AP-r16 defined in TS 36.331 [9].
	YES
	reject


-------------------------------------------Next Change -------------------------------------------
9.3.3
Elementary Procedure Definitions

-- ASN1START

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

--

-- Elementary Procedure definitions

--

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

X2AP-PDU-Descriptions {

itu-t (0) identified-organization (4) etsi (0) mobileDomain (0) 

eps-Access (21) modules (3) x2ap (2) version1 (1) x2ap-PDU-Descriptions (0) }

DEFINITIONS AUTOMATIC TAGS ::= 

BEGIN

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

--

-- IE parameter types from other modules.

--

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

IMPORTS


Criticality,


ProcedureCode

FROM X2AP-CommonDataTypes


CellActivationRequest,

>>
Unaffected parts skipped    <<<

TraceStart,


F1CIPPacketTransfer
FROM X2AP-PDU-Contents


id-cellActivation,

>>
Unaffected parts skipped    <<<

id-deactivateTrace,


id-traceStart,


id-f1CIPPacketTransfer
FROM X2AP-Constants;
>>
Unaffected parts skipped    <<<
X2AP-ELEMENTARY-PROCEDURES-CLASS-2 X2AP-ELEMENTARY-PROCEDURE ::= {


snStatusTransfer





|


uEContextRelease





|


handoverCancel






|


errorIndication






|


resourceStatusReporting




|


loadIndication






|


privateMessage






|


rLFIndication






|


handoverReport






|


x2Release







|


x2APMessageTransfer





|


seNBReconfigurationCompletion


|


meNBinitiatedSeNBRelease



|


seNBCounterCheck





|


sgNBReconfigurationCompletion


|


sgNBCounterCheck






|


rRCTransfer







|


secondaryRATDataUsageReport



|


sgNBActivityNotification




|


dataForwardingAddressIndication


|


gNBStatusIndication





|


endcConfigurationTransfer



|


deactivateTrace






|


traceStart







|


f1CIPPacketTransfer





,


...
}

>>
Unaffected parts skipped    <<<
traceStart X2AP-ELEMENTARY-PROCEDURE ::= {


INITIATING MESSAGE

TraceStart


PROCEDURE CODE


id-traceStart


CRITICALITY



ignore

}

f1CIPPacketTransfer X2AP-ELEMENTARY-PROCEDURE ::= {


INITIATING MESSAGE

F1CIPPacketTransfer

PROCEDURE CODE


id-f1CIPPacketTransfer

CRITICALITY



ignore

}

END
-- ASN1STOP

9.3.4
PDU Definitions

-- ASN1START

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

--

-- PDU definitions for X2AP.

--

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

X2AP-PDU-Contents {

itu-t (0) identified-organization (4) etsi (0) mobileDomain (0) 

eps-Access (21) modules (3) x2ap (2) version1 (1) x2ap-PDU-Contents (1) }

DEFINITIONS AUTOMATIC TAGS ::= 

BEGIN

>>>
Unaffected parts skipped    <<<


TNLConfigurationInfo,


IABNodeIndication,

F1CIPPacket
FROM X2AP-IEs

>>
Unaffected parts skipped    <<<

id-CellandCapacityAssistInfo,


id-TNLConfigurationInfo,

id-IABNodeIndication,

id-F1CIPPacket,

maxCellineNB,

>>>
Unaffected parts skipped    <<<

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

--

-- TRACE START

--

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

TraceStart ::= SEQUENCE {


protocolIEs

ProtocolIE-Container

{ {TraceStartIEs} },


...

}

TraceStartIEs X2AP-PROTOCOL-IES ::= {


{ ID id-MeNB-UE-X2AP-ID


CRITICALITY reject
TYPE UE-X2AP-ID





PRESENCE mandatory
}|


{ ID id-SgNB-UE-X2AP-ID


CRITICALITY reject
TYPE SgNB-UE-X2AP-ID



PRESENCE mandatory
}|


{ ID id-TraceActivation


CRITICALITY ignore
TYPE TraceActivation



PRESENCE mandatory
},


...

}

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

--

-- DEACTIVATE TRACE

--

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

DeactivateTrace ::= SEQUENCE {


protocolIEs

ProtocolIE-Container

{ {DeactivateTraceIEs} },


...

}

DeactivateTraceIEs X2AP-PROTOCOL-IES ::= {


{ ID id-MeNB-UE-X2AP-ID


CRITICALITY reject
TYPE UE-X2AP-ID





PRESENCE mandatory
}|


{ ID id-SgNB-UE-X2AP-ID


CRITICALITY reject
TYPE SgNB-UE-X2AP-ID



PRESENCE mandatory
}|


{ ID id-EUTRANTraceID


CRITICALITY ignore
TYPE EUTRANTraceID




PRESENCE mandatory
},


...

}

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

--

-- F1-C IP PACKET TRANSFER
--

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

F1CIPPacketTransfer ::= SEQUENCE {


protocolIEs

ProtocolIE-Container

{ {F1CIPPacketTransferIEs} },


...

}

F1CIPPacketTransferIEs X2AP-PROTOCOL-IES ::= {


{ ID id-MeNB-UE-X2AP-ID


CRITICALITY reject
TYPE UE-X2AP-ID





PRESENCE mandatory
}|


{ ID id-SgNB-UE-X2AP-ID


CRITICALITY reject
TYPE SgNB-UE-X2AP-ID



PRESENCE mandatory
}|


{ ID id-F1CIPPacket



CRITICALITY reject
TYPE F1CIPPacket




PRESENCE mandatory
},


...

}

END
-- ASN1STOP

------------------------------------------Next Change -------------------------------------------
9.3.5
Information Element definitions

-- ASN1START

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

--

-- Information Element Definitions

--

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

>>>
Unaffected parts skipped    <<<

-- F

F1CIPPacket   ::= OCTET STRING
FastMCGRecovery
::= SEQUENCE {


rrcContainer 



RRCContainer


OPTIONAL,


iE-Extensions



ProtocolExtensionContainer { {FastMCGRecovery-ExtIEs} } OPTIONAL,


...

}

------------------------------------------Next Change -------------------------------------------
9.3.7
Constant definitions

-- ASN1START

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

--

-- Constant definitions

--

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

X2AP-Constants {

itu-t (0) identified-organization (4) etsi (0) mobileDomain (0) 

eps-Access (21) modules (3) x2ap (2) version1 (1) x2ap-Constants (4) }

DEFINITIONS AUTOMATIC TAGS ::= 

BEGIN

IMPORTS


ProcedureCode,


ProtocolIE-ID

FROM X2AP-CommonDataTypes;
-- **************************************************************

--

-- Elementary Procedures

--

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

id-handoverPreparation










ProcedureCode ::= 0

>>>
Unaffected parts skipped    <<<

id-endcConfigurationTransfer









ProcedureCode ::= 48
id-F1CIPTransferF1CIPPacketTransfer








ProcedureCode ::= xx
>>>
Unaffected parts skipped    <<<

id-CellandCapacityAssistInfo











ProtocolIE-ID ::= 351

id-TNLConfigurationInfo













ProtocolIE-ID ::= 352
id-IABNodeIndication














ProtocolIE-ID ::= xxx
id-F1CIPPacket















ProtocolIE-ID ::= xxy

------------------------------------------End of Change -------------------------------------------
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