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1. Introduction
This document is to clarify some issues related to activation/deactivation over X2 for EN-DC scenario.
2. Discussion

It may have a case to have some cells in en-gNB for preparation in the EN-DC deployment, which can be activated when needed, For example, some cells in gNB may be setup in deactivated state. One way to do the activation is of course the operator to activate when traffic become increasing. One other way is part of SON that the MeNB to request to activate the NR cell in en-gNB.

Over F1 interface, the served cell configuration is sent from DU to CU in F1 Setup in deactivated state, then CU decide when to activate the cell, can be in F1 Setup Response, or later in CU Configuration Update.
For energy saving, the Activation/deactivation function is agreed over X2 interface also for EN-DC case. 

We notice that the activation/deactivation indication is not introduced in initial EN-DC X2 setup procedure. referring to draft TS36.423 vf.0.0, the details is as below: 

· During EN-DC configuration update procedure, an en-gNB can inform its neighbour eNB a served NR Cell is switched off by including IE “ NR Deactivation Indication” under IE “Served NR Cells To Modify” 

· by sending “EN-DC CELL ACTIVATION REQUEST ”, an eNB can request its neighbour en-gNB to switch on a served NR cell.
· by sending “EN-DC CELL ACTIVATION RESPONSE”: and en-gNB may activate its served NR cells as requested by its neighbour eNB 

Without the activation/deactivation indication in EN-DC X2 setup procedure, it is a question how en-gNB inform its neighbour eNB if one of its served cell is initiated in deactivated state. One possibility is to send a EN-DC configuration update message immediately after finishing EN-DC X2 setup, this seems less efficient than directly including the deactivated state in EN-DC setup procedure.

Proposal 1: It is proposed to introduce the deactivation indication in EN-DC X2 setup procedure, i.e. to enable an en-gNB to inform its neighbour eNB a deactivated served NR cell at EN-DC X2 setup Request and response. 
Even if we introduce deactivation indication in EN-DC X2 setup messages, we still believe that en-gNB should make the activation/deactivation decision by itself, i.e. en-gNB can at any time switch on/off a served cell as needed, and en-gNB can refuse to the activation request from eNB. To make sure this, we think the eNB shall not request en-gNB to activate a deactivated cell immediately in EN-DC X2 setup response, because there is no further message coming back from en-gNB to refuse the request. 
Proposal 2: eNB shall not ask en-gNB to activate a cell in EN-DC X2 setup response

The NR Deactivation Indication IE is currently under Served NR Cells To Modify IE, which is for en-gNB to inform MeNB that the relevant cells is deactivated.  En-gNB may add a new served cell but would like to keep it as deactivated unless request from neighbour eNB. To support this, it is proposed:
Proposal3: It is proposed to add NR Deactivation Indication IE in to Served NR Cells To Add IE in EN-DC CONFIGURATION UPDATE message 
Current 36.423v15.0.0 the EN-DC Configuration Update message it is possible for MeNB to ask en-gNB to give its all served cell information by the Cell Assistance Information IE, the en-gNB then response all its served cell information in EN-DC Configuration Acknowledge message. The same deactivation indication is also to be in EN-DC Configuration Update Acknowledge from en-gNB to MeNB.
Proposal 4: The same deactivation indication also to be in EN-DC Configuration Update Acknowledge from en-gNB to MeNB.
The en-gNB may switch on a cell due to its own requirement or one neighbour eNB’s request, it should be able to inform other neighbour eNB this change, which means there are scenario for en-gNB to update a served cells state not only from activated->deactivated, but also from deactivated->activated, however, currently it is only deactivation indication in configuration update messages.
Proposal 5: The existing NR Deactivation Indication IE in EN-DC CONFIGURATION UPDATE message should be updated to include the value “activated”, potentially to rename the IE 
3. Conclusion and Proposal
Proposal 1: It is proposed to introduce the deactivation indication in EN-DC X2 setup procedure, i.e. to enable an en-gNB to inform its neighbour eNB a deactivated served NR cell at EN-DC X2 setup Request and response. 

Proposal 2: eNB shall not ask en-gNB to activate a cell in EN-DC X2 setup response
Proposal 3: It is proposed to add NR Deactivation Indication IE in to the Served NR Cells To Add IE in EN-DC CONFIGURATION UPDATE message 
Proposal 4: The same deactivation indication also to be in EN-DC Configuration Update Acknowledge from en-gNB to MeNB.
Proposal 5: The existing NR Deactivation Indication IE in EN-DC CONFIGURATION UPDATE message should be updated to include the value “activated”, potentially to rename the IE 

The draft change request is shown in the Annex.
Annex: Change Request
8.7
Procedures for E-UTRAN-NR Dual Connectivity

8.7.1
EN-DC X2 Setup

8.7.1.1
General

The purpose of the EN-DC X2 Setup procedure is to exchange application level configuration data needed for eNB and en-gNB to interoperate correctly over the X2 interface. This procedure erases any existing application level configuration data in the two nodes and replaces it by the one received. This procedure also resets the X2 interface like a Reset procedure would do.

The procedure uses non UE-associated signalling.

8.7.1.2
Successful Operation
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Figure 8.7.1.2-1: eNB Initiated EN-DC X2 Setup, successful operation
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Figure 8.7.1.2-2: en-gNB Initiated EN-DC X2 Setup, successful operation

eNB initiated EN-DC X2 Setup:

An eNB initiates the procedure by sending the EN-DC X2 SETUP REQUEST message to a candidate en-gNB. The candidate en-gNB replies with the EN-DC X2 SETUP RESPONSE message. 
If the Deactivation Indication IE is contained in the List of Served NR Cells IE in EN-DC X2 SETUP RESPONSE message, it indicates that the concerned NR cell was switched off to lower energy consumption, and is available for activation on request from the eNB, as described in TS 36.300 [15].
en-gNB initiated EN-DC X2 Setup:
An en-gNB initiates the procedure by sending the EN-DC X2 SETUP REQUEST message to a candidate eNB. The candidate eNB replies with the EN-DC X2 SETUP RESPONSE message. 

8.7.1.3
Unsuccessful Operation
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Figure 8.7.1.3-1: eNB Initiated EN-DC X2 Setup, unsuccessful operation
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Figure 8.7.1.3-2: en-gNB Initiated EN-DC X2 Setup, unsuccessful operation

If the candidate receving node cannot accept the setup it shall respond with an EN-DC X2 SETUP FAILURE message with appropriate cause value.

8.7.1.4
Abnormal Conditions

If the first message received for a specific TNL association is not an EN-DC X2 SETUP REQUEST, EN-DC X2 SETUP RESPONSE, or EN-DC X2 SETUP FAILURE message then this shall be treated as a logical error.

If the initiating node does not receive either EN-DC X2 SETUP RESPONSE message or EN-DC X2 SETUP FAILURE message, the initiating node may reinitiate the EN-DC X2 Setup procedure towards the same candidate node, provided that the content of the EN-DC X2 SETUP REQUEST message is identical to the content of the previously unacknowledged EN-DC X2 SETUP REQUEST message.

8.7.2
EN-DC Configuration Update 

8.7.2.1
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.

8.7.2.2
Successful Operation
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Figure 8.7.2.2-1: eNB Initiated EN-DC Configuration Update, successful operation
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Figure 8.7.2.2-2: 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. 

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.
If the Deactivation Indication IE is contained in the List of Served NR Cells IE in EN-DC CONFIGURATION UPDATE ACKNOWLEDGE message, it indicates that the concerned NR cell was switched off to lower energy consumption, and is available for activation on request from the eNB, as described in TS 36.300 [15].
The eNB may initiate a further EN-DC Configuration Update procedure only after a previous EN-DC Configuration Update procedure has been completed.

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

If the Deactivation Indication IE is contained in the Served NR Cells To Modify IE, it indicates that the concerned NR cell was switched off to lower energy consumption, and is available for activation on request from the eNB, as described in TS 36.300 [15].

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.

8.7.2.3
Unsuccessful Operation
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Figure 8.7.2.3-1: eNB Initiated EN-DC Configuration Update, unsuccessful operation
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Figure 8.7.2.3-2: 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.

8.7.2.4
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.

8.7.3
EN-DC Cell Activation

8.7.3.1
General

The purpose of the EN-DC Cell Activation procedure is to enable an eNB to request a neighbouring en-gNB to switch on one or more cells, previously reported as inactive due to energy saving reasons.

The procedure uses non UE-associated signalling.

1.1.1.1 8.7.3.2
Successful Operation
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Figure 8.7.3.2-1: EN-DC Cell Activation, successful operation

An eNB initiates the procedure by sending a EN-DC CELL ACTIVATION REQUEST message to a peer en-gNB. 

Upon receipt of this message, the en-gNB should activate the cell/s indicated in the EN-DC CELL ACTIVATION REQUEST message and shall indicate in the EN-DC CELL ACTIVATION RESPONSE message for which cells the request was fulfilled.

Interactions with EN-DC Configuration Update procedure: 

The en-gNB shall not send an EN-DC CONFIGURATION UPDATE message to the eNB just for the reason of the cell/s indicated in the EN-DC CELL ACTIVATION REQUEST message changing cell activation state, as the receipt of the EN-DC CELL ACTIVATION RESPONSE message by the eNB is used to update the information about the activation state of en-gNB cells in the eNB. 

8.7.3.3
Unsuccessful Operation
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Figure 8.7.3.3-1: EN-DC Cell Activation, unsuccessful operation

If the en-gNB cannot activate any of the cells indicated in the EN-DC CELL ACTIVATION REQUEST message, it shall respond with a EN-DC CELL ACTIVATION FAILURE message with an appropriate cause value.

8.7.3.4
Abnormal Conditions

Not applicable.
Skip not affected part

9.1.2.31
EN-DC X2 SETUP REQUEST

This message is sent by an initiating E-UTRAN node to a neighbouring E-UTRAN node, both nodes able to interact for EN-DC, to transfer the initialization 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

	>>List of Served E-UTRA Cells
	
	1 .. <maxCellineNB>
	
	Complete list of cells served by the eNB
	YES
	reject

	>>>Served E-UTRA Cell Information
	M
	
	Served Cell Information 9.2.8
	
	–
	–

	>>>NR Neighbour Information
	O
	
	9.2.98
	NR neighbours

	YES
	ignore

	>>Cell Assistance Information
	O
	
	9.2.115
	
	YES
	ignore

	>en-gNB
	
	
	
	
	
	

	>>Global en-gNB ID
	M
	
	9.2.112
	
	YES
	reject

	>>List of Served NR Cells
	
	1 .. <maxCellinengNB>
	
	list of cells served by the engNB.
	YES
	reject

	>>>Served NR Cell Information
	M
	
	9.2.110
	
	–
	

	>>>NR Deactivation Indication
	O
	
	ENUMERATED(deactivated,

…)
	Indicates that the concerned NR cell is switched off for energy saving reasons.
	
	

	>>>NR Neighbour Information
	O
	
	9.2.98
	NR neighbors.


	YES
	ignore


	Range bound
	Explanation

	maxCellineNB
	Maximum no. cells that can be served by an eNB. Value is 256.

	maxCellinengNB
	Maximum no. cells that can be served by an en-gNB. Value is 16384.


9.1.2.32
EN-DC X2 SETUP RESPONSE

This message is sent by a neighbouring E-UTRAN node to an initiating E-UTRAN node, both nodes able to interact for EN-DC, to transfer the initialization 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 Responding NodeType
	M
	
	
	
	
	

	>eNB
	
	
	
	
	
	

	>>Global eNB ID
	M
	
	9.2.22
	
	YES
	reject

	>>List of Served E-UTRA Cells
	
	1 .. <maxCellineNB>
	
	Complete list of cells served by the eNB
	YES
	reject

	>>>Served E-UTRA Cell Information
	M
	
	Served Cell Information 9.2.8
	
	–
	–

	>>>NR Neighbour Information
	O
	
	9.2.98
	NR neighbours

	YES
	ignore

	>en-gNB
	
	
	
	
	
	

	>>Global en-gNB ID
	M
	
	9.2.112
	
	YES
	reject

	>>List of Served NR Cells
	
	1 .. <maxCellinengNB>
	
	List of cells served by the en-gNB
	YES
	reject

	>>>Served NR Cell Information
	M
	
	9.2.110
	
	–
	

	>>>NR Deactivation Indication
	O
	
	ENUMERATED(deactivated,

…)
	Indicates that the concerned NR cell is switched off for energy saving reasons.
	
	

	>>>NR Neighbour Information


	O
	
	9.2.98
	NR neighbors

	YES
	ignore


	Range bound
	Explanation

	maxCellineNB
	Maximum no. cells that can be served by an eNB. Value is 256.

	maxCellinengNB
	Maximum no. cells that can be served by an en-gNB. Value is 16384.


9.1.2.33
EN-DC X2 SETUP FAILURE

This message is sent by the neighbouring E-UTRAN node to indicate EN-DC X2 Setup failure.

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

	Cause 
	M
	
	9.2.6
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.7
	
	YES
	ignore


9.1.2.34
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

	>>Cell Assistance Information
	O
	
	9.2.115
	
	YES
	ignore

	>>Served E-UTRA Cells To Add
	
	0 .. <maxCellineNB>
	
	
	GLOBAL
	reject

	>>>Served E-UTRA Cell Information
	M
	
	Served Cell Information 9.2.8
	
	–
	–

	>>>NR Neighbour Information
	O
	
	9.2.98
	NR neighbors


	YES
	ignore

	>>Served E-UTRA Cells To Modify
	
	0 .. <maxCellineNB>
	
	Complete list of modified cells served by the eNB
	GLOBAL
	reject

	>>>Old ECGI
	M
	
	ECGI

9.2.14
	Old E-UTRAN Cell Global Identifier
	–
	–

	>>>Served E-UTRA Cell Information
	M
	
	Served Cell Information 9.2.8
	
	–
	–

	>>>NR Neighbour Information
	O
	
	9.2.98
	NR neighbors


	YES
	ignore

	>>Served E-UTRA Cells To Delete
	
	0 .. <maxCellineNB>
	
	Complete list of deleted cells served by the eNB
	GLOBAL
	reject

	>>>Old ECGI
	M
	
	ECGI

9.2.14
	Old E-UTRAN Cell Global Identifier of the cell to be deleted
	-
	-

	>en-gNB
	
	
	
	
	
	

	>>Global en-gNB ID
	M
	
	9.2.112
	
	YES
	reject

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

	>>>Served NR Cell Information
	M
	
	9.2.110
	
	–
	

	>>>NR Deactivation Indication
	O
	
	ENUMERATED(deactivated,

…)
	Indicates that the concerned NR cell is switched off for energy saving reasons.
	
	

	>>>NR Neighbour Information
	O
	
	9.2.98
	NR neighbors


	YES
	ignore

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

	>>>Old NR-CGI
	M
	
	9.2.111
	
	-
	

	>>>Served NR Cell Information
	M
	
	9.2.110
	
	–
	

	>>>NR Activation-Deactivation Indication
	O
	
	ENUMERATED(deactivated,

…, activated)
	Indicates that the concerned NR cell is switched off for energy saving reasons or switched on for traffic increasing reason.
	YES
	ignore

	>>>NR Neighbour Information
	O
	
	9.2.98
	NR neighbors


	YES
	ignore

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

	>>>Old NR-CGI
	M
	
	9.2.111
	
	-
	


	Range bound
	Explanation

	maxCellineNB
	Maximum no. cells that can be served by an eNB. Value is 256.

	maxCellinengNB
	Maximum no. cells that can be served by an en-gNB. Value is 16384.


9.1.2.35
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
	
	
	
	
	

	>eNB
	
	
	
	
	
	

	>en-gNB
	
	
	
	
	
	

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

	>>>Served NR Cell Information
	M
	
	9.2.110
	
	
	

	>>>NR Deactivation Indication
	O
	
	ENUMERATED(deactivated,

…)
	Indicates that the concerned NR cell is switched off for energy saving reasons.
	
	

	>>>NR Neighbour Information
	O
	
	9.2.98
	NR neighbors.


	YES
	ignore

	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 16384.


9.1.2.36
EN-DC CONFIGURATION UPDATE FAILURE

This message is sent by an en-gNB to a peer eNB to indicate EN-DC eNB Configuration Update Failure.

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

	Cause
	M
	
	9.2.6
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.7
	
	YES
	ignore


9.1.2.37
EN-DC CELL ACTIVATION REQUEST
This message is sent by an eNB to a peer en-gNB to request a previously switched-off cell/s to be re-activated.

Direction: 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

	Served NR Cells To Activate
	
	1
	
	
	GLOBAL
	reject

	 >Served NR Cells To Activate Item
	
	1 .. < maxCellinengNB >
	
	
	
	

	 >>NR CGI
	M
	
	9.2.111
	
	-
	-

	Activation ID
	M
	
	INTEGER (0..255)
	Allocated by the eNB
	YES
	reject


	Range bound
	Explanation

	maxCellinengNB
	Maximum no. cells that can be served by an en-gNB. Value is 16384.


9.1.2.38
EN-DC CELL ACTIVATION RESPONSE
This message is sent by an en-gNB to a peer eNB to indicate that one or more cell(s) previously switched-off has (have) been activated.

Direction: 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

	Activated NR Cell List
	
	1
	
	
	GLOBAL
	ignore

	 >Activated NR Cell Item
	
	1 .. < maxCellinengNB >
	
	
	
	

	 >>NR CGI
	M
	
	9.2.111
	
	-
	-

	Activation ID
	M
	
	INTEGER (0..255)
	Allocated by the eNB
	YES
	reject

	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 16384.


9.1.2.39
EN-DC CELL ACTIVATION FAILURE

This message is sent by an en-gNB to a peer eNB to indicate cell activation failure.

Direction: 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

	Activation ID
	M
	
	INTEGER (0..255)
	Allocated by the eNB
	YES
	reject

	Cause
	M
	
	9.2.6
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.7
	
	YES
	ignore
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