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3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Elementary Procedure: X2AP protocol consists of Elementary Procedures (EPs). An X2AP Elementary Procedure is a unit of interaction between two eNBs. An EP consists of an initiating message and possibly a response message. Two kinds of EPs are used:

-
Class 1: Elementary Procedures with response (success or failure),

-
Class 2: Elementary Procedures without response.

E-RAB: Defined in TS 36.401 [2].

CSG Cell: as defined in TS 36.300 [15].

Hybrid cell: as defined in TS 36.300 [15].

3.2
Symbols

For the purposes of the present document, the following symbols apply:

<symbol>
<Explanation>

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

CCO
Cell Change Order
CM
Central Manager
CoMP
Cooperative Multi-Point
DL
Downlink

EARFCN
E-UTRA Absolute Radio Frequency Channel Number

E-CID
Enhanced Cell-ID (positioning method)

eNB
E-UTRAN NodeB

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

MDT
Minimization of Drive Tests

MME
Mobility Management Entity

PDCP
Packet Data Convergence Protocol

PLMN
Public Land Mobile Network

S-GW
Serving Gateway

SIPTO
Selected IP Traffic Offload

SIPTO@LN
Selected IP Traffic Offload at the Local Network

SN
Sequence Number

TAC
Tracking Area Code

UE
User Equipment
<<<<<<<<<<<<<<<<<<<< First Change >>>>>>>>>>>>>>>>>>>>

5
X2AP services

The present clause describes the services an eNB offers to its neighbours.

5.1
X2AP procedure modules

The X2 interface X2AP procedures are divided into two modules as follows:

1.
X2AP Basic Mobility Procedures;

2.
X2AP Global Procedures;

The X2AP Basic Mobility Procedures module contains procedures used to handle the UE mobility within E-UTRAN.

The Global Procedures module contains procedures that are not related to a specific UE. The procedures in this module are in contrast to the above module involving two peer eNBs.

5.2
Parallel transactions

Unless explicitly indicated in the procedure specification, at any instance in time one protocol peer shall have a maximum of one ongoing X2AP procedure related to a certain UE.

6
Services expected from signalling transport

The signalling connection shall provide in sequence delivery of X2AP messages. X2AP shall be notified if the signalling connection breaks.

X2 signalling transport is described in TS 36.422 [21].

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.

-
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.
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

	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


8
X2AP procedures

8.1
Elementary procedures

In the following tables, all EPs are divided into Class 1 and Class 2 EPs.

Table 8.1-1: Class 1 Elementary Procedures

	Elementary Procedure
	Initiating Message
	Successful Outcome
	Unsuccessful Outcome

	
	
	Response message
	Response message

	Handover Preparation
	HANDOVER REQUEST
	HANDOVER REQUEST ACKNOWLEDGE
	HANDOVER PREPARATION FAILURE

	Reset
	RESET REQUEST
	RESET RESPONSE
	

	X2 Setup 
	X2 SETUP REQUEST
	X2 SETUP RESPONSE
	X2 SETUP FAILURE

	eNB Configuration Update
	ENB CONFIGURATION UPDATE
	ENB CONFIGURATION UPDATE ACKNOWLEDGE
	ENB CONFIGURATION UPDATE FAILURE

	Resource Status Reporting Initiation
	RESOURCE STATUS REQUEST
	RESOURCE STATUS RESPONSE
	RESOURCE STATUS FAILURE

	Mobility Settings Change
	MOBILITY CHANGE REQUEST
	MOBILITY CHANGE ACKNOWLEDGE
	MOBILITY CHANGE FAILURE

	Cell Activation
	CELL ACTIVATION REQUEST
	CELL ACTIVATION RESPONSE
	CELL ACTIVATION FAILURE

	CoMP Management
	CoMP MANAGEMENT REQUEST
	CoMP MANAGEMENT RESPONSE
	CoMP MANAGEMENT FAILURE

	
	
	
	


Table 8.1-2: Class 2 Elementary Procedures

	Elementary Procedure
	Initiating Message

	Load Indication
	LOAD INFORMATION

	Handover Cancel
	HANDOVER CANCEL

	SN Status Transfer
	SN STATUS TRANSFER

	UE Context Release
	UE CONTEXT RELEASE

	Resource Status Reporting
	RESOURCE STATUS UPDATE

	Error Indication
	ERROR INDICATION

	Radio Link Failure Indication
	RLF INDICATION

	Handover Report
	HANDOVER REPORT

	CoMP Information
	CoMP INFORMATION




<<<<<<<<<<<<<<<<<<<< Next Change  >>>>>>>>>>>>>>>>>>>>

8.3.x
CoMP Management
8.3.x.1
General
This procedure is used by a Management Entity (Centralized CoMP) or by an eNB (Distributed CoMP) to provide another eNB with the information required for implementing CoMP behaviour based on a hypothetical resource allocation.
For distributed approach the procedure shall be executed separately with each peer interfering eNB. If one of the peer eNBs rejects the CoMP hypothetical resource allocation but other eNBs accept it, it is upon to the eNB initiating the procedure to apply the hypotesys or to stop it, by using the CoMP Information massege.
The procedure uses either UE-associated signalling or non UE-associated signalling.
8.3.x.2
Successful operation​​
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Figure 8.3.x.2-1: CoMP Management, successful operation 

The procedure is initiated with a CoMP MANAGEMENT REQUEST message sent from eNB1 or CM to eNB2,
which may include one or more of the following IEs:
CoMP ID IE identifies the CoMP request at the sending eNB.
CoMP Hypotesys IE indicates to which eNB the CoMP hypotesys is applied. 
· If the first bit is set to "one", eNB2 (recipient of the message) shall evaluate wether the use by eNB1 (sender of the message), within the cell identified by ECGI IE, or by the CM, of the time-frequency resource indicated by Time-Frequency Information IE at a power level given by Transmitted_power IE is acceptable. 
· If the second bit is set to "one", eNB2 (recipient of the message) shall evaluate wether the use by itself, within the cell identified by ECGI IE, or by the CM, of the time-frequency resource indicated by Time-Frequency Information IE at a power level given by Transmitted_power IE is acceptable.
Time-frequency Information IE indicates that eNB1 or eNB2 actions shall target the time-frequency resource consisting of an UL or DL subframe, eventually repeating within a System Frame, and specific PRBs within a specific frequency channel used within the cell identified by ECGI IE. The time-frequency resource is identified by a TFR_ID.
If the UE_Information IE is included, it indicates that the Time-Frequency Information IE or Time-Frequency-ID IE is used or shall be used for scheduling the operation of the UE identified by its C-RNTI identifier.

If Tx power IE is included, it indicates the transmitted power to be used in the time-frequency resource indicated by the Time-Frequency IE . First bit = 1 indicates low Tx power (below Pmax-6dB) or low activity, second bit = 1 indicates medium Tx power, third bit = 1 indicates high Tx power (above Pmax-3dB).
If CoMP_Benefit IE is included, it indicates to the receiving eNB the benefit at the sending eNB, within the cell identified by ECGI IE, in terms of relative User Perceived Throughput (as defined in TS 36.814).
If the RSRP Report IE is included, it contains the last RSRP Report of the UE identified by its RNTI.
eNB2 shall respond to eNB1 or to CM with a CoMP MANAGEMENT RESPONSE message, including its ECGI IE, a CoMP ID IE and a  CoMP Response IE, indicating for a specific TFR_ID wheter the CoMP Hypotesys is accepted, rejected or ignored:
· If the first bit is set to “one”, eNB1/CM shall consider that the CoMP hypothesis identified by CoMP ID IE is accepted by eNB2;
· If the second bit is set to “one”, eNB1/CM shall consider that the CoMP hypothesis identified by CoMP ID IE is rejected by eNB2;

· If the third bit is set to “one”, eNB1/CM shall consider that the CoMP hypothesis identified by CoMP ID IE is ignored by eNB2;

8.3.x.3
Unsuccesful operation

Not applicable.
8.3.x.4
Abnormal Conditions

If eNB1/CM not receives back the CoMP MANAGEMENT RESPONSE, it should consider that the intended CoMP operation has failed.
8.3.x
CoMP Information
8.3.x.1
General

This procedure is used by an eNB to transmit information related to CoMP operation to another eNB or to a CM.
8.3.x.2
Successful operation​​


[image: image2.emf] 

  eN B 1    

CoMP  INFORMATION  

eN B 2   / CM    

 


Figure 8.3.y.2-1: CoMP Information, successful operation 

An eNB initiates the procedure by sending CoMP INFORMATION message to a peer eNB or to the CM controlling intra-frequency neighbouring cells. 
If Time-frequency information IE is included, sending eNB provides the reports relative to a specific time-frequency resource consisting of an UL or DL subframe, eventually repeating within a System Frame, and specific PRBs within a specific frequency channel used within the sending cell. The time-frequency resource is identified by a TFR_ID.

If the UE_Information IE is included, it indicates that the time-frequency resource is used for scheduling the operation of the UE identified by its network identifier.

If the RSRP Report IE is included, it contains the last RSRP Report of the UE identified by its C-RNTI,
If Tx power IE is included, it indicates the transmitted power to be used in the time-frequency resource indicated by the Time-Frequency IE . First bit = 1 indicates low Tx power (below Pmax-6dB) or low activity, second bit = 1 indicates medium Tx power, third bit = 1 indicates high Tx power (above Pmax-3dB).
If Invoke Repetitive Report IE having as parameters RSRP (for Rel.12), TFR details, Tx power,…is included, the peer eNB shall send back to the sending eNB the requested information.
8.3.x.3
Unsuccesful operation

Not applicable.

8.3.x.4
Abnormal Conditions

Void.
<<<<<<<<<<<<<<<<<<<< Next Change >>>>>>>>>>>>>>>>>>>>
9.1.2.x
CoMP MANAGEMENT REQUEST
This message is used by a Management Entity (Centralized CoMP) or by an eNB (Distributed CoMP) to provide another eNB with the information needed to implement a CoMP behaviour based on a hypothetical resource allocation.
Direction: eNB1 ( eNB2 or CM ( eNB2.
	E/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.12.13
	
	GLOBAL
	

	
	
	
	
	
	
	

	Sending Cell ID
	M
	
	ECGI

9.2.14
	Sending cell is eNB1 or CM
	GLOBAL
	-

	CoMP ID
	M
	0…65535
	CoMP  action identifier
	A number identifying the content of CoMP MANAGEMENT REQUEST
	GLOBAL
	

	Recepient Cell ID
	
	
	ECGI

9.2.14
	Receiving cell is at eNB2 
	GLOBAL
	

	CoMP Hypothesis
	M
	
	
	· First bit = 1 indicates that eNB2 shall evaluate wether the use by eNB1 within the cell identified by ECGI IE, or by the CM, of the time-frequency resource indicated by Time-Frequency Information IE at a power level given by Transmitted_power IE is acceptable. 

· Second bit = 1 indicates that eNB2 shall evaluate wether the use by itself, within the cell identified by ECGI IE, or by the CM, of the time-frequency resource indicated by Time-Frequency Information IE at a power level given by Transmitted_power IE is acceptable.


	LOCAL
	reject

	Time-frequency information
	M
	
	9.2.xx
	
	GLOBAL
	

	Tx power
	O
	
	9.2.tt
	
	GLOBAL
	

	CoMP benefit
	M
	
	
	
	GLOBAL
	

	   >Choice criteria
	M
	
	
	
	
	

	      >> UPT criteria
	
	
	9.2.yy
	
	
	

	>UE Information 
	O
	
	BIT STRING (SIZE (16))
	C-RNTI in sending cell
	GLOBAL
	

	>RSRP Report
	O
	
	9.2.uu
	
	GLOBAL
	


9.1.2.y
CoMP MANAGEMENT RESPONSE
This message is sent by an eNB in response to the CoMP MANAGEMENT REQUEST message, for indicating if the receient eNB agrees or not with the CoMP hypothesis.
Direction: eNB2 ( eNB1 / CM.

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

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	Sending Cell ID
	M
	
	ECGI

9.2.14
	
	GLOBAL
	Sending Cell ID

	CoMP ID
	M
	0…65535
	CoMP  action identifier
9.1.2.x
	A number identifying the content of CoMP MANAGEMENT REQUEST generating this response
	GLOBAL
	M

	CoMP Response
	M
	
	
	First bit=1 indicates that CoMP hypothesis is accepted
Second bit=1 indicates that CoMP hypothesis is rejected
Third bit = 1 indicates that CoMP hypothesis is ignored
	GLOBAL
	-


9.1.2.y
CoMP INFORMATION
Direction: eNB1 ( eNB2 / CM;

This message is used by an eNB to transmit information related to CoMP operation to another eNB or to a CM.

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

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	Sending Cell ID
	M
	
	ECGI

9.2.14
	
	GLOBAL
	

	Recepient Cell ID
	M
	
	ECGI

9.2.14
	
	GLOBAL
	

	Time-frequency information
	O
	
	9.2.xx
	
	GLOBAL
	

	UE Information 
	O
	
	BIT STRING (SIZE (16))
	C-RNTI in sending cell
	GLOBAL
	

	RSRP Report

	O
	
	9.2.uu
	
	GLOBAL
	

	Tx power
	O
	
	9.2.tt
	
	GLOBAL
	

	Invoke Repetitive Report
	O
	
	9.2.ww
	
	GLOBAL
	


<<<<<<<<<<<<<<<<<<<< Next Change >>>>>>>>>>>>>>>>>>>>

9.2.13
Message Type

The Message Type IE uniquely identifies the message being sent. It is mandatory for all messages.

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

	Procedure Code
	M
	
	INTEGER (0..255)
	"0" = Handover Preparation

"1" = Handover Cancel

"2" = Load Indication

"3" = Error Indication

"4" = SN Status Transfer

"5" = UE Context Release

"6" = X2 Setup

"7" = Reset

"8" = eNB Configuration Update

"9" = Resource Status Reporting Initiation

"10" = Resource Status Reporting

“11”  = Private Message

"12" = Mobility Settings Change

 “13” = Radio Link Failure Indication

“14” = Handover Report

“15” = Cell Activation
“xx” = COMP Management
“yy” = CoMP Information


	Type of Message
	M
	
	CHOICE (Initiating Message, Successful Outcome, Unsuccessful Outcome, 

…)
	


<<<<<<<<<<<<<<<<<<<< Next Change >>>>>>>>>>>>>>>>>>>>

9.2.xx Time-frequency resource information

This IE indicates the details regarding the subframes, frequency channel and PRBs.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	TFR ID
	M
	0…65535
	
	Time-frequency resource identifier

	Direction
	M
	
	
	First bit =1 indicated DL direction

Second bit =1 indicates UL direction

	Subframe
	M
	
	BIT STRING (SIZE(40))
	Each position in the bitmap represents a DL subframe, for which value "1" indicates ‘used’ and value "0" indicates ’not used’.

The first position of the frame pattern corresponds to subframe 0 in a radio frame where SFN = 0. The frame pattern is continuously repeated in all radio frames.

The maximum number of subframes is 40.

	EARFCN
	
	
	9.2.26
	 Absolute channel number

	CHOICE PRB mapping
	
	
	
	

	  >localized
	
	
	
	See 36.211

	>>start PRB
	
	
	
	Lowest nPRB  

	>>stop PRB
	
	
	
	Highest nPRB  

	  >distributed
	
	
	
	See 36.211

	     >Used PRB
	M
	
	BIT STRING (6..110, …)
	Each position in the bitmap represents a nPRB value (i.e. first bit=PRB 0 and so on). 

Value 1 indicates “PRB used”, value 0 indicates “PRB not used”.


9.2.yy UPT Criteria
UPT Criteria indicates the existing Bit Rate and the new bit rate caused by the Acceptance of the CoMP hypothesis.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Bit Rate
	M
	
	9.2.11
	Bit rate before applying the CoMP in bits/s

	New Bit Rate
	M
	
	9.2.11
	Bit rate after applying the CoMP in bits/s

	Interval for assessing the bit rate
	M
	
	Integer (0…1000)
	Unit: ms


9.2.uu RSRP Report

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

	RSRP Report
	M
	
	
	First bit =1 indicates low RSRP

Second bit =1 indicates average RSRP

Third bit=1 indicates high RSRP


9.2.tt  Tx power
This IE indicates the Tx power used to transmit a time-frequency resource at sending eNB.

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

	Tx power
	M
	
	
	First bit = 1 indicates low Tx power (below Pmax-6dB) or low activity
Second bit = 1 indicates medium Tx power

Third bit = 1 indicates high Tx power (above Pmax-3dB).


9.2.ww Invoke repetitive report
This IE allows the sending eNB/CM to request a report from the receiving eNB, while providing the repetition intervals of the report.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Information to be sent back
	M
	
	ENUMERATED (RSRP,TFR, Tx power …)
	

	Report interval
	M
	
	ENUMERATED (0ms, ms120, ms240, ms480, ms640)
	0ms indicates single report, ms120 indicates report every 120ms, etc.

	Report amount
	M
	
	ENUMERATED (1, 2, 4, 8, 16, 32, 64, infinity)
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