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1. Introduction 
This paper discusses the motivation for introducing inter-system inter-RAT energy saving function and proposes necessary signalling changes in network interfaces to achieve inter-system energy savings which is one of the planned features to be supported as part of  Rel-17 SON/MDT WI [1].
2. Discussion
The main goal of the energy saving function is to decrease power consumption in mobile networks to lower operational expense (OPEX).
A typical energy saving scenario is when capacity booster cells (say NG-RAN cells) are deployed under the umbrella of cells providing basic coverage (say E-UTRAN cells). For energy savings, the capacity booster cell can be switched off when its capacity is no longer needed and can be re-activated on a need basis.
Rel-15 has already defined signalling for cell activation/deactivation for intra-system energy saving; however inter-system energy savings is not supported i.e. activation/deactivation of a capacity booster NG-RAN cell connected to 5GC deployed on top of an E-UTRAN cell connected to EPC is not possible with the current signalling as shown in the following figure.
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To support inter-system inter-RAT energy saving, enhancements to S1 and NG interfaces are needed. We propose to enhance the existing Inter-System SON Information Report message to achieve inter-system ES i.e. to achieve inter-system cell activation/deactivation.

Proposal 1: Enhance Inter-System SON Information Report message on S1AP and NGAP to support inter-system Energy Savings.
Similar to intra-system ES, there are 2 methods by which inter-system ES can be achieved:

Method #1 (Assisted ES): An eNB providing basic cell coverage requests a list of capacity booster gNB cells to be activated and the gNB in turn responds with list of NR cells that actually got activated (subset of the requested cells) or vice versa.
To achieve this, we propose to add “Inter-system Cell Activation Request” and “Inter-system Cell Activation Response” IEs in Inter-System SON Information Report message in NGAP and S1AP. 
Proposal 2: Add “Inter-system Cell Activation Request” and “Inter-system Cell Activation Response” IEs in Inter-System SON Information Report message in NGAP and S1AP to request inter-system RAN nodes to activate a list of cells for ES purposes
Inter-system Cell Activation Request IE can contain the list of cells (can be either LTE or NR cells) that the requesting node wants to activate. Additionally, the IE can also contain the minimum activation time that the requesting node wants the cells to be activated; this is useful to avoid ping-pong activation/deactivation of cells.
Proposal 3: Inter-system Cell Activation Request can contain the list of cells (either LTE or NR) that the requesting node wants to activate and the minimum activation time

Proposal 4: Inter-system Cell Activation Response contains the list of cells (either LTE or NR) activated in response to Inter-system Cell Activation Request

Method #2 (Autonomous ES): A gNB autonomously indicates its cell state (whether it is activated or deactivated) to the eNB or vice versa. In this method, the base station autonomously decides to switch on/off based on its load or internal implementation.

To achieve autonomous ES, it is proposed to introduce an IE “Inter-system Cell State Indication” in Inter-System SON Information Report that can include the list of cells (either LTE or NR) whose cell state is notified (i.e. whether those cells are activated or deactivated)

Proposal 5: Introduce signalling over NG and S1 to autonomously notify inter-system RAN nodes on whether a cell is activated or deactivated for inter-system ES e.g. by adding “Inter-system Cell State Indication” IE in Inter-System SON Information Report message in NGAP and S1AP
3. Conclusion

Proposal 1: Enhance Inter-System SON Information Report message on S1AP and NGAP to support inter-system Energy Savings.

Proposal 2: Add “Inter-system Cell Activation Request” and “Inter-system Cell Activation Response” IEs in Inter-System SON Information Report message in NGAP and S1AP to request inter-system RAN nodes to activate a list of cells for ES purposes

Proposal 3: Inter-system Cell Activation Request can contain the list of cells (either LTE or NR) that the requesting node wants to activate and the minimum activation time

Proposal 4: Inter-system Cell Activation Response contains the list of cells (either LTE or NR) activated in response to Inter-system Cell Activation Request

Proposal 5: Introduce signalling over NG and S1 to autonomously notify inter-system RAN nodes on whether a cell is activated or deactivated for inter-system ES e.g. by adding “Inter-system Cell State Indication” IE in Inter-System SON Information Report message in NGAP and S1AP
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5. Sample TP to NGAP (TS 38.413) for inter-system ES
9.3.3.Y2
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.Y5
	

	>Failure Indication Information
	
	
	
	

	>>Inter-system Failure Indication
	M
	
	9.3.3.Y3a
	

	    >Cell Activation Information
	
	
	
	

	      >>Inter-system Cell Activation Request
	O
	
	9.3.3.a
	

	      >>Inter-system Cell Activation Response
	O
	
	9.3.3.b
	

	   >Energy Savings Indication
	
	
	
	

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


9.3.3.a
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

	Cells to Activate List
	
	1 .. <maxnoofCellinNGRAN>
	
	

	>Cell Identifier 
	M
	
	OCTET STRING
	Contains the NG-RAN CGI IE (can be either NR CGI or E-UTRAN CGI) 

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


	Range bound
	Explanation

	maxnoofCellinNGRAN
	Maximum no. cells that can be served by an NG-RAN. Value is 16384.


9.3.3.b
Inter-system Cell Activation Response

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

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

	Activated Cells List
	
	0 .. <maxnoofCellinNGRAN>
	
	

	>Cell Identifier 
	M
	
	OCTET STRING
	Contains the NG-RAN CGI IE (can be either NR CGI or E-UTRAN CGI)


	Range bound
	Explanation

	maxnoofCellinNGRAN
	Maximum no. cells that can be served by an NG-RAN. Value is 16384.


9.3.3.c
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 .. <maxnoofCellinNGRAN>
	
	

	>Cell Identifier 
	M
	
	OCTET STRING
	Contains the NG-RAN CGI IE (can be either NR CGI or E-UTRAN CGI)

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


	Range bound
	Explanation

	maxnoofCellinNGRAN
	Maximum no. cells that can be served by an NG-RAN. Value is 16384.
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