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1. Introduction 
In the last RAN3 meeting (R3-109-e), following agreements were made on the topic of inter-system inter-RAT energy savings:

A cell state indication, triggered at change of cell status, should be sent from the NG-RAN node to the eNB to indicate the status of the concerned cell for energy saving purpose

A cell activation request should be sent from eNB to NG-RAN node to request a previously switched-off cell/s to be re-activated

A cell activation response should be sent from NG-RAN node to eNB to indicate that one or more cell(s) previously switched-off has (have) been activated

Enhance Inter-System SON Information message on S1AP and NGAP to support inter-system Energy Savings
To be continued on the basis of R3-205665, R3-205666 (noted)...
This paper continues the discussion from last meeting [1] and goes further into stage-3 details for supporting inter-system energy savings.
2. Discussion
Enhance Inter-System SON Information message on S1AP and NGAP to support inter-system Energy Savings
In respect to the above agreement in last meeting, we propose the following 3 enhancements to Inter-System SON Information message in S1AP and NGAP (message enhancements are highlighted in blue):
i)      Inter-System SON Information > Inter-System SON Information Report > Inter-System Cell State Indication
ii)      Inter-System SON Information > Inter-System SON Information Request > Inter-System Cell Activation Request
iii) Inter-System SON Information >Inter-System SON Information Reply > Inter-System Cell Activation Reply
Proposal 1: Enhance Inter-System SON Information by defining new IEs “Inter-System Cell State Indication”, “Inter-System Cell Activation Request” and “Inter-System Cell Activation Reply”

We now go into stage-3 details of each message proposed above:
Inter-System Cell State Indication 

A cell state indication, triggered at change of cell status, should be sent from the NG-RAN node to the eNB to indicate the status of the concerned cell for energy saving purpose
In respect to the above agreement in last meeting, we propose the following IEs to be included as part of Inter-System Cell State Indication message:
· NG-RAN CGI (includes NR CGI or E-UTRA CGI) of the NG-RAN cell whose state is notified
· A notify flag in the cell state indication is introduced to inform the status of the concerned cells i.e. whether the cell is activated or deactivated
Proposal 2: Include NG-RAN CGI and a notify flag (indicating status of the cell whether it is activated or deactivated) in “Inter-System Cell State Indication” message
Inter-System Cell Activation Request
A cell activation request should be sent from eNB to NG-RAN node to request a previously switched-off cell/s to be re-activated

In respect to the above agreement in last meeting, we propose the following IEs to be included as part of Inter-System Cell Activation Request message:

· Cells to activate list (NG-RAN CGI): Includes the list of NG-RAN cells requested to be activated 
Proposal 3: Include “Cells to activate list” in “Inter-System Cell Activation Request” message
Following other IEs also were discussed in last meeting for Inter-System Cell Activation Request message and here are some observations:

Activation ID
The cell activation procedure is subject to parallel transaction. Cell activation procedure in LTE (i.e. over X2) did not have any transaction id available, which made it impossible to interpret the response message in case of multiple requests with a response not in same sequence as requests. Therefore, EN-DC Cell Activation (EN-DC CELL ACTIVATION REQUEST/RESPONSE on X2) and Cell Activation for NG-RAN (CELL ACTIVATION REQUEST/RESPONSE on Xn) introduced “Activation ID” to be like a transaction ID [2].
Observation 1: Activation ID is included for intra-system energy savings in EN-DC and NG-RAN to serve as a transaction ID for parallel activation/deactivation request/response messages

Since the inter-system cell activation/deactivation messages can also be subject to parallel transactions, we propose to add Activation ID in “Inter-System Cell Activation Request” message

Proposal 4: Include “Activation ID” to act as transaction ID for resolving parallel activation/deactivation requests in “Inter-System Cell Activation Request” message

Minimum activation time
This might be beneficial for cell management and provides a minimum time a cell needs to be activated to avoid ping-pong behaviour of cell activation/deactivation for energy saving purposes
Observation 3: Minimum Activation Time is included for inter-RAT energy savings between E-UTRAN and U-TRAN i.e. over Cell Activation Request message on S1. IE type is INTEGER (1..60) with unit of seconds.
Proposal 5: RAN3 to discuss and clarify whether Minimum Activation Time (included for inter-RAT energy savings between E-UTRAN and U-TRAN) should also be included for inter-system energy savings in E-UTRAN and NG-RAN

Inter-System Cell Activation Reply
A cell activation response should be sent from NG-RAN node to eNB to indicate that one or more cell(s) previously switched-off has (have) been activated
In respect to the above agreement in last meeting, we propose the following IEs to be included as part of Inter-System Cell Activation Reply message:

· Activated cells list (NG-RAN CGI): Includes the list of NG-RAN cells activated in response to Inter-System Cell Activation Request message
· Activation ID: To identify which activation/deactivation request message in case of parallel transactions
Proposal 6: Include “Activated cells list” and “Activation ID” in “Inter-System Cell Activation Reply” message.
3. Conclusion

Proposal 1: Enhance Inter-System SON Information by defining new IEs “Inter-System Cell State Indication”, “Inter-System Cell Activation Request” and “Inter-System Cell Activation Reply”

Proposal 2: Include NG-RAN CGI and a notify flag (indicating status of the cell whether it is activated or deactivated) in “Inter-System Cell State Indication” message
Proposal 3: Include “Cells to activate list” in “Inter-System Cell Activation Request” message

Observation 1: Activation ID is included for intra-system energy savings in EN-DC and NG-RAN to serve as a transaction ID for parallel activation/deactivation request/response messages

Proposal 4: Include “Activation ID” to act as transaction ID for resolving parallel activation/deactivation requests in “Inter-System Cell Activation Request” message

Observation 3: Minimum Activation Time is included for inter-RAT energy savings between E-UTRAN and U-TRAN i.e. over Cell Activation Request message on S1. IE type is INTEGER (1..60) with unit of seconds.
Proposal 5: RAN3 to discuss and clarify whether Minimum Activation Time (included for inter-RAT energy savings between E-UTRAN and U-TRAN) should also be included for inter-system energy savings in E-UTRAN and NG-RAN

Proposal 6: Include “Activated cells list” and “Activation ID” in “Inter-System Cell Activation Reply” message.
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5. Sample TP to NGAP (TS 38.413) for inter-system ES
	1st Change


8.8.2
Downlink RAN Configuration Transfer

8.8.2.1
General

The purpose of the Downlink RAN Configuration Transfer procedure is to transfer RAN configuration information from the AMF to the NG-RAN node. This procedure uses non-UE associated signalling.

8.8.2.2
Successful Operation
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Figure 8.8.2.2-1: Downlink RAN configuration transfer

The procedure is initiated with an DOWNLINK RAN CONFIGURATION TRANSFER message sent from the AMF to the NG-RAN node.

If the NG-RAN node receives, in the SON Configuration Transfer IE or in the EN-DC SON Configuration Transfer IE, the SON Information IE containing the SON Information Request IE, it may transfer back the requested information either towards the NG-RAN node indicated in the Source RAN Node ID IE of the SON Configuration Transfer IE or towards an eNB indicated in the Source eNB-ID IE of the EN-DC SON Configuration Transfer IE by initiating the Uplink RAN Configuration Transfer procedure.

If the NG-RAN node receives, in the SON Configuration Transfer IE, the Xn TNL Configuration Info IE containing the Xn Extended Transport Layer Addresses IE, it may use it as part of its ACL functionality configuration actions, if such ACL functionality is deployed.

If the NG-RAN node receives, in the SON Configuration Transfer IE, the SON Information IE containing the SON Information Reply IE including the Xn TNL Configuration Info IE as an answer to a former request, it may use it to initiate the Xn TNL establishment.
In case the IP-Sec Transport Layer Address IE is present and the GTP Transport Layer Addresses IE within the Xn Extended Transport Layer Addresses IE is not empty, GTP traffic is conveyed within an IP-Sec tunnel terminated at the IP-Sec tunnel endpoint given in the IP-Sec Transport Layer Address IE.

In case the IP-Sec Transport Layer Address IE is not present, GTP traffic is terminated at the endpoints given by the list of addresses in the Xn GTP Transport Layer Addresses IE within the Xn Extended Transport Layer Addresses IE.

In case the Xn GTP Transport Layer Addresses IE is empty and the IP-Sec Transport Layer Address IE is present, SCTP traffic is conveyed within an IP-Sec tunnel terminated at the IP-Sec tunnel endpoint given in the IP-Sec Transport Layer Address IE, within the Xn Extended Transport Layer Addresses IE.

In case the Xn SCTP Transport Layer Addresses IE is present and the IP-Sec Transport Layer Address IE is also present, the concerned SCTP traffic is conveyed within an IP-Sec tunnel terminated at the IP-Sec tunnel endpoint given in this IP-Sec Transport Layer Address IE, within the Xn Extended Transport Layer Addresses IE.

If the NG-RAN node receives the SON Information IE containing the SON Information Report IE, it may use it as specified in TS 38.300 [8].
If the NG-RAN node receives the Inter-system SON Information IE containing the Inter-system SON Information Report IE, it may use it as specified in TS 38.300 [8].
If the NG-RAN node receives the Inter-system SON Information IE containing the Inter-system SON Information Request IE, it may use it as specified in TS 38.300 [8].
If the NG-RAN node is configured to use one IPsec tunnel for all NG and Xn traffic (IPsec star topology) then the traffic to the peer NG-RAN node shall be routed through this IPsec tunnel and the IP-Sec Transport Layer Address IE shall be ignored.
9.3.3.34
Inter-system SON Information

This IE identifies the nature of the configuration information transferred.

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

	CHOICE Inter-system SON Information
	M
	
	
	

	>Inter-system SON Information Report
	
	
	
	

	>>Inter-system SON Information Report
	M
	
	9.3.3.36
	

	>Inter-system SON Information Request
	
	
	
	

	>>Inter-system SON Information Request
	M
	
	9.3.3.xx
	

	>Inter-system SON Information Reply
	
	
	
	

	>>Inter-system SON Information Reply
	M
	
	9.3.3.yy
	


9.3.3.36
Inter-system SON Information Report

This IE contains the configuration information to be transferred.

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

	CHOICE SON Information Report 
	M
	
	
	

	>HO Report Information
	
	
	
	

	>>Inter-system HO Report
	M
	
	9.3.3.39
	

	>Failure Indication Information
	
	
	
	

	>>Inter-system Failure Indication
	M
	
	9.3.3.40
	

	>Energy Savings Indication
	
	
	
	

	>>Inter-system Cell State Indication
	M
	
	9.3.3.aa
	


9.3.3.xx
Inter-system SON Information Request
This IE contains the request information to be transferred.

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

	CHOICE Inter-system SON Information Request
	M
	
	
	

	>NG-RAN Cell Activation
	
	
	
	

	>>Inter-system Cell Activation Request
	M
	
	9.3.3.zz
	


9.3.3.yy
Inter-system SON Information Reply
This IE contains the reply information to be transferred.

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

	CHOICE Inter-system SON Information Response
	M
	
	
	

	>NG-RAN Cell Activation
	
	
	
	

	>>Inter-system Cell Activation Reply
	M
	
	9.3.3.bb
	


9.3.3.zz
 Inter-system Cell Activation Request

This IE contains request information for inter-system Cell Activation.

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

	Activation ID
	M
	
	INTEGER (0..16384)
	Allocated by the eNB.

	Cells to Activate List
	
	1..<maxnoofCellsinNGRANNode>
	
	

	>NG-RAN CGI
	M
	
	9.3.1.73
	

	Minimum Activation Time (FFS)
	O
	
	INTEGER (1..60)
	Seconds


	Range bound
	Explanation

	maxnoofCellsinNGRANNode
	Maximum no. of cells that can be served by a NG-RAN node. Value is 16384.


9.3.3.aa
Inter-system Cell State Indication

This IE contains notification information for inter-system Cell Activation and Deactivation.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Notification Cell List
	
	1..<maxnoofCellsinNGRANNode>
	
	

	>NG-RAN CGI
	M
	
	9.3.1.73
	

	>Notify Flag
	M 
	
	ENUMERATED (Activated, Deactivated, ...)
	


	Range bound
	Explanation

	maxnoofCellsinNGRANNode
	Maximum no. of cells that can be served by a NG-RAN node. Value is 16384.


9.3.3.bb
Inter-system Cell Activation Reply
This IE contains reply information for inter-system Cell Activation.

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

	Activated Cells List
	
	1..<maxnoofCellsinNGRANNode>
	
	

	>NG-RAN CGI
	M
	
	9.3.1.73
	

	Activation ID
	M
	
	INTEGER (0..16384)
	Allocated by the eNB.


	Range bound
	Explanation

	maxnoofCellsinNGRANNode
	Maximum no. of cells that can be served by a NG-RAN node. Value is 16384.


6. Sample TP to S1AP (TS 36.413) for inter-system ES

8.16
MME Configuration Transfer

8.16.1
General

The purpose of the MME Configuration Transfer procedure is to transfer RAN configuration information from the MME to the eNB in unacknowledged mode.

This procedure uses non-UE associated signalling.

8.16.2
Successful Operation

8.16.2.1
MME Configuration Transfer
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Figure 8.16.2.1-1: MME Configuration Transfer procedure. Successful operation.

The procedure is initiated with an MME CONFIGURATION TRANSFER message sent from the MME to the eNB.

If the eNB receives, in the SON Configuration Transfer IE or the EN-DC SON Configuration Transfer IE, the SON Information IE containing the SON Information Request IE, it may transfer back the requested information either towards the eNB indicated in the Source eNB-ID IE of the SON Configuration Transfer IE or towards the eNB indicated in the Source eNB-ID IE of the EN-DC SON Configuration Transfer IE by initiating the eNB Configuration Transfer procedure. If the X2 TNL Configuration Info IE contains the eNB Indirect X2 Transport Layer Addresses IE, the eNB may use it for the X2 TNL establishment, and may transfer back the received eNB Indirect X2 Transport Layer Addresses towards the eNB indicated in the Source eNB-ID IE of the SON Configuration Transfer IE by initiating the eNB Configuration Transfer procedure or towards the eNB indicated in the Source eNB-ID IE of the EN-DC SON Configuration Transfer IE by initiating the eNB Configuration Transfer procedure.

If the eNB receives, in the SON Configuration Transfer IE, the X2 TNL Configuration Info IE containing the eNB X2 Extended Transport Layer Addresses IE, it may use it as part of its ACL functionality configuration actions, if such ACL functionality is deployed.

If the eNB receives, in the SON Configuration Transfer IE or the EN-DC SON Configuration Transfer IE, the SON Information IE containing the SON Information Reply IE including the X2 TNL Configuration Info IE as an answer to a former request, it may use it to initiate the X2 TNL establishment. If the X2 TNL Configuration Info IE contains the eNB Indirect X2 Transport Layer Addresses IE, the eNB may use it for the X2 TNL establishment.
In case the IP-Sec Transport Layer Address IE is present and the GTP Transport Layer Addresses IE within the eNB X2 Extended Transport Layer Addresses IE is not empty, GTP traffic is conveyed within an IP-Sec tunnel terminated at the IP-Sec tunnel end point given in by the IP-Sec Transport Layer Address IE.

In case the IP-Sec Transport Layer Address IE is not present, GTP traffic is terminated at the end points given by the list of addresses in eNB GTP Transport Layer Addresses IE within the eNB X2 Extended Transport Layer Addresses IE.

In case the eNB GTP Transport Layer Addresses IE is empty and the IP-Sec Transport Layer Address IE is present, SCTP traffic is conveyed within an IP-Sec tunnel terminated at the IP-Sec tunnel end point given in the IP-Sec Transport Layer Address IE, within the eNB X2 Extended Transport Layer Addresses IE.

If the eNB is configured to use one IPsec tunnel for all S1 and X2 traffic (IPsec star topology) then the traffic to the peer eNB shall be routed through this IPsec tunnel and the IP-Sec Transport Layer Address IE shall be ignored.
If the eNB receives the SON Information IE containing the SON Information Reply IE including the Time Synchronisation Info IE as an answer to a former request, it may use it for over-the-air synchronisation by means of network listening and for triggering muting activation request.

If the eNB receives the SON Information IE containing the SON Information Report IE, it may use it as specified in TS 36.300 [14].

If the eNB receives the Inter-system SON Information IE containing the Inter-system SON Information Report IE, it may use it as specified in TS 38.300 [45] or in TS 36.300 [14].
If the eNB receives the Inter-system SON Information IE containing the Inter-system SON Information Reply IE, it may use it as specified in TS 38.300 [45] or in TS 36.300 [14].

If the eNB receives the SON Information IE containing the SON Information Request IE set to “Activate Muting”, the eNB should consider activating for over-the-air synchronisation by means of network listening, taking into account information on the selected source of synchronisation cell and the cells as indicated by the Aggressor E-CGI List IE. In case the Aggressor E-CGI List IE is not present, the eNB may consider the request applicable to all cells.

If the eNB receives the SON Information IE containing the SON Information Reply IE including the Muting Pattern Information IE as an answer to a former request, it may use it for over-the-air synchronisation by means of network listening. The Muting Pattern Information IE may apply to all cells that were requested to mute.

If the eNB receives the SON Information IE containing the SON Information Request IE set to “Deactivate Muting”, the eNB may consider deactivating muting for over-the-air synchronisation that was activated by a former muting request from the corresponding eNB.

8.16.3
Abnormal Conditions

Not applicable.
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