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3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

ABS
Almost Blank Subframe

BBF
Broadband Forum

BL
Bandwidth reduced Low complexity
CCO
Cell Change Order

CE
Coverage Enhancement
CoMP
Coordinated Multi Point

DC
Dual Connectivity

DL
Downlink

EARFCN
E-UTRA Absolute Radio Frequency Channel Number

E-CID
Enhanced Cell-ID (positioning method)

eNB
E-UTRAN NodeB
EN-DC
E-UTRA-NR Dual Connectivity
EP
Elementary Procedure

EPC
Evolved Packet Core

E-RAB
E-UTRAN Radio Access Bearer

E-UTRAN
Evolved UTRAN

GNSS
Global Navigation Satellite System

GUMMEI
Globally Unique MME Identifier

HFN
Hyper Frame Number

IE
Information Element

L-GW
Local GateWay

MCG
Master Cell Group

MDT
Minimization of Drive Tests

MeNB
Master eNB

MME
Mobility Management Entity

NAICS
Network-Assisted Interference Cancellation and Suppression
NR
New Radio
PDCP
Packet Data Convergence Protocol

PLMN
Public Land Mobile Network

ProSe
Proximity Service

SCG
Secondary Cell Group

S-GW
Serving Gateway

SeNB
Secondary eNB
SgNB
Secondary gNB

SIPTO
Selected IP Traffic Offload

SIPTO@LN
Selected IP Traffic Offload at the Local Network

SN
Sequence Number

TAC
Tracking Area Code
TBSDRB-NR
To Be Shared DL Resource Block for NR
TBSURB-NR
To Be Shared UL Resource Block for NR
UE
User Equipment

UL
Uplink

V2X
Vehicle-to-Everything
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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 gNB to provide radio resources for a certain UE while keeping responsibility for that UE. In EN-DC deployment, eNB and en-gNB may share the common DL/UL radio resources.
-
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 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 signaling connection between two eNBs in a controlled manner.

-
Inter-Enb UE Context Resume. This function allows retrieval of a suspended UE context.
The mapping between the above functions and X2 Eps is shown in the table below.
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8.X.2
EN-DC Configuration Update 

8.X.2.1
General

The purpose of the EN-DC Configuration Update procedure is to update application level configuration data needed for eNB and en-gNB to interoperate correctly over the X2 interface.

The procedure uses non UE-associated signalling.

8.X.2.2
Successful Operation
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Figure 8.X.2.2-1: eNB Initiated EN-DC Configuration Update, successful operation
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Figure 8.X.2.2-2: en-gNB Initiated EN-DC Configuration Update, successful operation

eNB initiated EN-DC Configuration Update:
An eNB initiates the procedure by sending an EN-DC CONFIGURATION UPDATE message to a peer en-gNB. 

Editor node: details of cells information exchanged in the procedure are FFS.
After successful update of requested information, en-gNB shall reply with the EN-DC CONFIGURATION UPDATE ACKNOWLEDGE message to inform the initiating eNB that the requested update of application data was performed successfully. In case the peer en-gNB receives an EN-DC CONFIGURATION UPDATE without any IE except for Message Type IE it shall reply with EN-DC CONFIGURATION UPDATE ACKNOWLEDGE message without performing any updates to the existing configuration.

The eNB may initiate a further EN-DC Configuration Update procedure only after a previous EN-DC Configuration Update procedure has been completed.
eNB may send EN-DC CONFIGURATION UPDATE message to inform en-gNB about the necessary coordination info of radio resources associated with local LTE cells. After successful update with affected NR cells, en-gNB shall reply with the EN-DC CONFIGURATION UPDATE ACKNOWLEDGE message to inform the initiating eNB that the coordination info of radio resources is to be applied by en-gNB.
en-gNB initiated EN-DC Configuration Update:
An en-gNB initiates the procedure by sending an EN-DC CONFIGURATION UPDATE message to an eNB. 
Editor node: details of cells information exchanged in the procedure are FFS.
After successful update of requested information, eNB shall reply with the EN-DC CONFIGURATION UPDATE ACKNOWLEDGE message to inform the initiating en-gNB that the requested update of application data was performed successfully. In case the eNB receives an EN-DC CONFIGURATION UPDATE without any IE except for Message Type IE it shall reply with EN-DC CONFIGURATION UPDATE ACKNOWLEDGE message without performing any updates to the existing configuration.

The en-gNB may initiate a further EN-DC Configuration Update procedure only after a previous EN-DC Configuration Update procedure has been completed.
en-gNB may send EN-DC CONFIGURATION UPDATE message to inform eNB about the necessary coordination info of radio resources associated with local NR cells. After successful update with affected LTE cells, eNB shall reply with the EN-DC CONFIGURATION UPDATE ACKNOWLEDGE message to inform the initiating en-gNB that the coordination info of radio resources is to be applied by eNB.
8.X.2.3
Unsuccessful Operation
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Figure 8.X.2.3-1: eNB Initiated EN-DC Configuration Update, unsuccessful operation
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Figure 8.X.2.3-2: en-gNB Initiated EN-DC Configuration Update, unsuccessful operation

If the candidate receving node can not accept the update it shall respond with an EN-DC CONFIGURATION UPDATE FAILURE message and appropriate cause value.

8.X.2.4
Abnormal Conditions

If the initiating node after initiating EN-DC Configuration Update procedure receives neither EN-DC CONFIGURATION UPDATE ACKNOWLEDGE message nor EN-DC CONFIGURATION UPDATE FAILURE message, the initiating node may reinitiate the EN-DC Configuration Update procedure towards the same candidate receving node, provided that the content of the EN-DC CONFIGURATION UPDATE message is identical to the content of the previously unacknowledged EN-DC CONFIGURATION UPDATE message.
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9.1.2.m
EN-DC CONFIGURATION UPDATE

This message is sent by an initiating E-UTRAN node to a peer neighbouring E-UTRAN node, both nodes able to interact for EN-DC, to transfer updated information for a TNL association.
Direction: eNB ( en-gNB, en-gNB( eNB. 

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	CHOICE Initiating NodeType
	M
	
	
	
	
	

	>eNB
	
	
	
	
	
	

	>>Global eNB ID
	M
	
	9.2.22
	
	YES
	reject

	>en-gNB
	
	
	
	
	
	

	>>Global en-gNB ID
	M
	
	<ref>
	
	YES
	reject

	>>Served NR Cells To Add
	
	0 .. <maxCellinen-gNB>
	
	
	GLOBAL
	reject

	>>>Served NR Cell Information
	M
	
	9.2.z
	
	–
	–

	>>>NR Neighbour Information
	O
	
	9.2.x
	NR neighbors

Editor’s Note: the necessity of this IE needs further discussion
	YES
	ignore

	>>Served NR Cells To Modify
	
	0 .. <maxCellinen-gNB>
	
	
	GLOBAL
	reject

	>>>Old NR-CGI
	M
	
	<reference>
	
	-
	-

	>>>Served NR Cell Information
	M
	
	9.2.z
	
	–
	–

	>>>NR Neighbour Information
	O
	
	9.2.x
	NR neighbors

Editor’s Note: the necessity of this IE needs further discussion
	YES
	ignore

	>>Served NR Cells To Delete
	
	0 .. <maxCellinen-gNB>
	
	
	GLOBAL
	reject

	>>>Old NR-CGI
	M
	
	<reference>
	
	-
	-

	Note: Following IEs are associated to each LTE and NR cell pair

	CHOICE LTE/NR Co-existence Type
	O
	
	
	
	
	

	>LTE Cell Off
	
	
	
	Corresponds to the scenario when LTE Cell is switched off
	
	

	>> LTE DRS Configuration over X2
	M
	
	X.X.X
	To express the DRS configuration on eNB side
	
	

	>UL Carrier Sharing
	
	
	
	Corresponds to the scenario of UL radio resource sharing 
	
	

	>>UL EARFCN
	M
	
	EARFCN

9.2.26
	Corresponds to NUL in TS 36.104 [16] for E-UTRA operating bands
	
	

	>>UL Transmission Bandwidth
	M
	
	Transmission Bandwidth

9.2.27
	Same as DL Transmission Bandwidth in this release; ignored in case UL EARFCN value is ignored
	
	

	>> TBSURB-NR Info
	M
	
	X.X.X
	To express the exact frequency location and width for the UL resrouce blocks to be allocated for en-gNB
	
	

	>>LTE srs-SubframeConfig over X2
	
	
	
	SRS configuration on eNB side, only from eNB to en-gNB
	
	

	>DL Carrier Sharing
	
	
	
	Corresponds to the scenario of DL radio resource sharing
	
	

	>>DL EARFCN
	M
	
	EARFCN

9.2.26
	Corresponds to NDL in TS 36.104 [16] for E-UTRA operating bands
	
	

	>>DL Transmission Bandwidth
	M
	
	Transmission Bandwidth

9.2.27
	
	
	

	>> TBSDRB-NR Info
	
	
	X.X.X
	To express the exact timing pattern for the DL resrouce blocks to be allocated for en-gNB
	
	

	>Adjacent Spectrum
	
	
	
	Corresponds to the scenario of adjacent spectrum
	
	

	>> Subframe Assignment
	
	
	ENUMERATED(sa0, sa1, sa2, sa3, sa4, sa5, sa6,…)
	Uplink-downlink subframe configuration information defined in TS 36.211 [10]
	
	

	>> Special Subframe Info
	
	
	
	Special subframe configuration information defined in TS 36.211 [10]
	
	

	>>> ……omit IEs behind
	
	
	
	
	
	


	Range bound
	Explanation

	maxCellinengNB
	Maximum no. cells that can be served by an en-gNB. Value is FFS.


9.1.2.n
EN-DC CONFIGURATION UPDATE ACKNOWLEDGE

This message is sent by a neighbouring E-UTRAN node to a peer E-UTRAN node, both nodes able to interact for EN-DC, to acknowledge update of information for a TNL association.

Direction: en-gNB ( eNB, eNB( en-gNB.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	CHOICE Responding NodeType
	M
	
	
	
	
	

	>en-gNB
	
	
	
	
	
	

	>>List of Served NR Cells
	
	0 .. <maxCellinengNB>
	
	list of cells served by the en-gNB
	
	

	>>>Served NR Cell Information
	M
	
	9.2.z
	
	
	

	>>>CHOICE LTE/NR Co-existence Type
	O
	
	
	Associated to each affected NR cell that may share the radio resources with LTE cell pair.
	
	

	>>>>LTE Cell Off
	
	
	
	Corresponds to the scenario when LTE Cell is switched off
	
	

	>>>>> ACK
	M
	
	ENUMERATED(successful,failed)
	
	
	

	>>>>UL Carrier Sharing
	
	
	
	Corresponds to the scenario of UL radio resource sharing
	
	

	>> >>>ACK
	M
	
	ENUMERATED(successful,failed)
	
	
	

	>>>>DL Carrier Sharing
	
	
	
	Corresponds to the scenario of DL radio resource sharing
	
	

	>> >>>ACK
	M
	
	ENUMERATED(successful,failed)
	
	
	

	>>>>Adjacent Spectrum
	
	
	
	Corresponds to the scenario of adjacent spectrum
	
	

	>>>>> ACK
	M
	
	ENUMERATED(successful,failed)
	
	
	

	Criticality Diagnostics
	O
	
	9.2.7
	
	YES
	ignore


	Range bound
	Explanation

	maxCellinengNB
	Maximum no. cells that can be served by an en-gNB. Value is FFS.
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9.2.xx1
LTE DRS Configuration over X2
This IE provides the DRS configuration on eNB side.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	PhysCellId
	M
	INTEGER (0..503)
	
	Indicates the physical cell identity of concerned LTE cell, and en-gNB may use it to derive out the corresponding CRS resource pattern for particular LTE cell.

	CHOICE PeriodOffset
	O
	
	
	

	>Ms40
	
	INTEGER(0..39)
	
	DRS Period = 40ms

	>Ms80
	
	INTEGER(0..79)
	
	DRS Period = 80ms

	>Ms160
	
	INTEGER(0..159)
	
	DRS Period = 160ms

	CHOICE Duration 
	O
	
	
	

	>DurationFDD
	
	INTEGER(1..maxDS-Duration)
	
	maxDS-Duration =5 subframes

	>DurationTDD
	
	INTEGER(2..maxDS-Duration)
	
	maxDS-Duration =5 subframes

	CSI-RS-Config List
	O
	1.. <maxCRS-RS-config >
	
	eNB may configure multiple CSI-RS resources in one LTE cell

	CSI-RS-Config id
	M
	
	
	

	ResourceConfig
	M
	INTEGER (0..31)
	
	Parameter: CSI reference signal configuration, see TS 36.211 [21, table 6.10.5.2-1 and 6.10.5.2-2]. 

	SubframeOffset
	M
	INTEGER (0..4)
	
	Indicates the subframe offset between SSS of the cell indicated by physCellId and the CSI-RS resource in a discovery signal occasion.
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9.2.xx2
TBSURB-NR Info
This IE provides the exact frequency location and width for the UL resrouce blocks to be allocated for en-gNB.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE UL resource Min Granularity
	M
	
	
	

	>6 PRBs (1.08MHz)
	
	
	BITSTRING (SIZE(16))
	leftmost 8 bits stands for the id of each 6PRBs from low to high frequency in particular shared UL carrier + rightmost 8 bits (+1) stands for the consecutive number of 6PRBs.
e.g. 00000000+00000010 stands for the UL resource block which starts from the low frequency boundary and occupies 3 times of consecutive 6PRBs.
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9.2.xx3
LTE srs-SubframeConfig over X2
This IE provides the SRS configuration on eNB side.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	srs-SubframeConfig
	M
	
	ENUMERATED(sc0, sc1,sc2,sc3, sc4, sc5,sc6,sc7, sc8, sc9,sc10,sc11, sc12, sc13,sc14,sc15,)
	See TS 36.211 [21, table 5.5.3.3-1]. Value sc0 corresponds to value 0, sc1 to value 1 and so on.
en-gNB may use it to derive out the corresponding SRS resource pattern, and avoid UL collision.
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9.2.xx4
TBSDRB-NR Info
This IE provides the exact timing pattern for the DL resrouce blocks to be allocated for en-gNB.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Radioframe Allocation Period
	M
	ENUMERATED(n1, n2, n4, n8, n16, n32, …)
	
	N1= 1 radio frame;

N2= 2 radio frames;

…….

	Radioframe Allocation Offset
	M
	INTEGER (0..7, ...)
	
	

	Subframe Allocation
	M
	9.2.51
	
	

	Starting Symbols Reserved for LTE
	M
	ENUMERATED(First 2 symbols …)
	
	To pre-empt the begnning symbols of each subframe reserved for LTE control channel.
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