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1.
Introduction

In RAN3 WG3 #74 meeting it has been decided to standardize the signalling for the baseline inter-RAT Energy saving solution, which includes Cell Switch ON request/response and Cell Switch ON/OFF  notification. For that, various transport mechanisms are considered, namely, using RAN Information Management (RIM) protocol, piggy-backing on (fake) Inter-RAT handover messages or definining a new container.   

In this paper, we briefly discuss these transport mechanisms and show that the most efficient transport mechanism is the RIM protocol. We also provide an example of CR-style changes required to implement inter-RAT network energy saving signalling based on RIM, according to the included analysis.  

2.
 Discussion
In this section, we discuss the three proposals for the transport mechanism that could be used in carrying network energy saving messages, Cell ON/OFF notification, Cell ON request and Cell ON response. 
One simple observation is that in all three cases, the same amount of messages would need to be exchanged to carry the signaling above, independently from the particular transport mechanisms.

Observation 1: The signaling overhead for IRAT ES saving is independent from the selected transport mechanism.

2.1 Piggybacking on Fake Inter-RAT HO  
While the cell switch OFF notification could be possibly piggy-backed on inter-RAT HO, sending the cell ON notification, cell switch ON request and response alongside the inter-RAT HO messages is more challenging so fake inter-RAT HO messages need to be considered. 
For example, when a hotspot eNB is about to power OFF, the cell switch OFF notification can be piggybacked on the Inter-RAT HO message used for  migrating UE(s) from EUTRAN to UTRAN/GERAN without any significant impact on the Inter-RAT HO performance. On the other hand, for cell switch ON notification to surrounding inter-RAT neighbours, an Inter-RAT HO would typically not be triggered so a “fake” procedure would be needed to transport the notification. 
Piggybacking the cell turn ON request or response also is challenging . This is because when these messages are sent alongside Inter-RAT HO messages and are received at a powered OFF hotspot eNB,  HO functionality can  not operated since the hotspot eNB are powered OFF. To avoid impacting the performance of a regularthe Inter-RAT HO procedure initiated from the coverage cell, a fake inter-RAT HO procedure could be used, whereby the cell ON request would be piggy-backed on the inter-RAT HO request and the cell ON response on the inter-RAT HO response message. Fake inter-RAT HO messages would require modifying not only the Inter-RAT HO messages to include new IE for power savings but also modifying network entities along each interface that is traversed by the Inter-RAT HO messages including the RAN and core network entities.
Observation 2: Similar benefits derived from piggy-backing on Inter-RAT HO signaling would be obtained from using the RIM procedure without the additional complexity of implementing fake Inter-RAT HO.
2.2 Defining new transparent signalling via core network

Transparent container can also be defined to carry network energy saving messages between EUTRAN and the UTRAN/GERAN. Transparent container would have applications defined at the source and target RAN nodes but would carry the network energy savings message in a transparent manner through the intermediate core network entities. This ensures that no changes are required in the core network entities. For inter-RAT scenarios, these transparent containers would be similar to RIM containers which are currently used for supporting SON transfers in inter-RAT scenarios (see section 2.3 for details).
It was proposed in [1] that for inter-eNB scenarios, in the absence of the X2 interface, transparent containers can be used for carrying the network energy saving messages allowing unified transparent containers to be defined for both inter-RAT and inter-eNB scenarios. While this is beneficial, the amount of effort required in defining and implementing new transparent container is enormous compared with the benefits derived since similar benefits can be easily obtained by using the RIM container. Moreover, in case this is required, the current RIM procedure could possibly be extended to also support the exchange of network energy savings messages between eNBs within E-UTRAN.
Observation 3: Similar benefits derived from defining new transparent containers would be obtained from using the RIM procedure without the complexity. 

2.3 Inter-RAT Signalling Procedures

The RIM procedure (also used in other applications like e.g. SON) is the baseline available mechanism to exchange information between different RATs and offers a suitable mechanism for carrying the network energy savings inter-RAT signalling. 

Observation 4: RIM is the baseline mechanism for inter-RAT information exchange, and it as well suitable for the transport of inter-RAT energy saving signaling. 
Three RIM-based alternatives for carrying the network energy savings messages are considered here: 
Alt 1. First, we could reuse the RIM SON TRANSFER application but extend the application to include a “notification” container (approach 1 in [2,3]).
Alt 2. A new “Network Energy Savings Application identity”, the “Cell Power State” Application could also be defined to carry the notification, response and request messages for energy saving (approach 2 in [2,3]). 

Alt 3. Reuses the RIM SON TRANSFER containers like approach 1 but instead of creating a new notification container, the SON TRANSFER request container with a NULL SON TRANSER response is used.

While approach 1 restricts the support for network energy savings within the context of the SON transfer containers, modifications for these containers are easier than approach 2. However, approach 2 provides more flexibility, allowing the new RIM application to be tailored to network energy savings applications. Approach 3 is clearer and easier to implement, because for the notifications, it reuses the RIM SON TRANSFER request containers, similarly to the approach standardized for sending the inter-RAT HO report in [4].

Given the three options for RIM, our preference would be approach 3, which involves reusing the SON TRANSFER containers for cell switch ON request and response messages and for the CELL switch ON/OFF notifications, using the SON TRANSFER request container with a NULL SON TRANSFER response message.

Proposal 1: It is proposed to use RIM for exchanging inter-RAT energy savings signaling messages by reusing the SON TRANSFER request and response containers for the cell switch ON request and response messages, respectively.  For the CELL switch ON/OFF notifications,  we propose to  use the SON TRANSFER request container with a NULL SON TRANSFER response message. 

3.
Conclusions
In this paper, we discussed  the three transport mechanisms for carrying inter-RAT network energy saving that were short listed during the  RAN3 WG3 #74 meeting. We summarize the discussion above as follows: 

Observation 1: The signaling overhead for IRAT ES saving is independent from the selected transport mechanism.

Observation 2: Similar benefits derived from piggy-backing on Inter-RAT HO signaling would be obtained from using the RIM procedure without the additional complexity of implementing fake Inter-RAT HO.
Observation 3: Similar benefits derived from defining new transparent containers would be obtained from the using RIM procedure without the complexity. 

Observation 4: RIM is the baseline mechanism for inter-RAT information exchange, and it as well suitable for the transport of inter-RAT energy saving signaling. 

It is therefore proposed: 
Proposal 1: It is proposed to use RIM for exchanging inter-RAT energy savings signaling messages by reusing the SON TRANSFER request and response containers for the cell switch ON request and response messages, respectively.  For the CELL switch ON/OFF notifications,  we propose to  use the SON TRANSFER request container with a NULL SON TRANSFER response message.
In case the above proposal is agreed, Qualcomm has provided the Corresponding CRs for proposal 1 in the Appendix.  
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Appendix – changes on S1-AP procedures and IEs
Annex B (normative):
IEs for SON Transfer

This annex defines IEs used by the SON Transfer RIM application (TS 48.018 [18]).

B.1
Tabular definition

B.1.1
SON Transfer Application Identity

This IE indicates the application identity within the SON Transfer application.

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

	SON Transfer Application Identity
	M
	
	ENUMERATED

(Cell Load Reporting, 

…, Multi-Cell Load Reporting, Event-Triggered Cell Load Reporting, HO Reporting, Network Energy Savings Activation)
	The receiving RAN node shall discard any RAN-INFORMATION-REQUEST/Multiple Report PDU containing this IE with value set to “Cell Load Reporting” or "Multi-Cell Load Reporting".


B.1.2
SON Transfer Request Container

This container transfers request information for the SON Transfer application.

NOTE:
The length of the SON Transfer Request Container IE shall remain compatible with the maximum message size on the Gb interface, this maximum size being determined depending on the lower layers used on the interface and on their configuration, a typical (default) limitation being 1600 octets for a Frame Relay sub-network as stated in TS 48.016 [30].

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

	CHOICE SON Transfer Application
	M
	
	
	

	>Cell Load Reporting
	
	
	NULL
	

	>Multi-Cell Load Reporting
	
	
	
	

	>>Multi-Cell Load Reporting Request
	M
	
	B.1.7
	

	>Event-Triggered Cell Load Reporting
	
	
	
	

	>>Event-Triggered Cell Load Reporting Request
	M
	
	B.1.11
	

	>HO Reporting
	
	
	
	

	>>HO Report
	M
	
	B.1.13
	

	> Network Energy Saving Activation


	
	
	
	

	    >> Cell Activation Request
	M
	
	B.1.X1
	

	    >> Cell Power State Notification
	M
	
	B.1.X3
	


B.1.3
SON Transfer Response Container

This container transfers response information for the SON Transfer application.

NOTE:
The length of the SON Transfer Response Container IE shall remain compatible with the maximum message size on the Gb interface, this maximum size being determined depending on the lower layers used on the interface and on their configuration, a typical (default) limitation being 1600 octets for a Frame Relay sub-network as stated in TS 48.016 [30].

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

	CHOICE SON Transfer Application
	M
	
	
	

	>Cell Load Reporting
	
	
	
	

	>>Cell Load Reporting Response
	M
	
	B.1.5
	

	>Multi-Cell Load Reporting
	
	
	
	

	>>Multi-Cell Load Reporting Response
	M
	
	B.1.9
	

	>Event-Triggered Cell Load Reporting
	
	
	
	

	>>Event-triggered Cell Load Reporting Response
	M
	
	B.1.12
	

	>HO Reporting
	
	
	NULL
	

	> Network Energy Saving Activation


	
	
	
	

	    >> Cell Activation Response
	M
	
	B.1.X2
	

	>> Cell Power State Notification
	
	
	NULL
	


B.1.4
SON Transfer Cause

This container indicates the cause why the Application Error Container IE for the SON Transfer application defined in TS 48.018 [18] is sent.

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

	CHOICE SON Transfer Application
	M
	
	
	

	>Cell Load Reporting
	
	
	
	

	>>Cell Load Reporting Cause
	M
	
	B.1.10
	

	>Multi-Cell Load Reporting
	
	
	
	

	>>Cell Load Reporting Cause
	M
	
	B.1.10
	

	>Event-Triggered Cell Load Reporting
	
	
	
	

	>>Cell Load Reporting Cause
	M
	
	B.1.10
	

	>HO Reporting
	
	
	
	

	>>HO Reporting Cause
	M
	
	ENUMERATED 

(Application Container Syntax Error,

Inconsistent Reporting Cell Identifier,

Unspecified,

…)
	

	>Network Energy Saving Activation
	
	
	
	

	    >> Cell Activation Cause
	M
	
	ENUMERATED 

(Application Container Syntax Error,

Inconsistent Reporting Cell Identifier,

Unspecified,

…)
	


	HO Reporting Cause
	Meaning

	Application Container Syntax Error
	The Application Container IE is syntactically incorrect.

	Inconsistent Reporting Cell Identifier
	- In case the reporting RAT is GERAN: the Reporting Cell Identifier in the Application Container IE does not match with the Destination Cell Identifier IE value (in the case of a RAN-INFORMATION-REQUEST PDU) or with the Source Cell Identifier IE value (in the case of a RAN-INFORMATION PDU) of the RIM header.

- In case the reporting RAT is UTRAN or E-UTRAN: the cell identified by Reporting Cell Identifier in the Application Container IE is unknown in the RNC (UTRAN case) or in the eNodeB (E-UTRAN case) identified by the Destination Cell Identifier IE value in the RAN-INFORMATION-REQUEST PDU.

	Unspecified
	Sent when none of the above cause values applies


	Cell Activation Cause
	Meaning

	Application Container Syntax Error
	The Application Container IE is syntactically incorrect.

	Inconsistent Reporting Cell Identifier
	- In case the reporting RAT is GERAN: the Reporting Cell Identifier in the Application Container IE does not match with the Destination Cell Identifier IE value (in the case of a RAN-INFORMATION-REQUEST PDU) or with the Source Cell Identifier IE value (in the case of a RAN-INFORMATION PDU) of the RIM header.

- In case the reporting RAT is UTRAN or E-UTRAN: the cell identified by Reporting Cell Identifier in the Application Container IE is unknown in the RNC (UTRAN case) or in the eNodeB (E-UTRAN case) identified by the Destination Cell Identifier IE value in the RAN-INFORMATION-REQUEST PDU.

	Unspecified
	Sent when none of the above cause values applies


B.1.5
Cell Load Reporting Response

This IE contains response information for inter-RAT cell load reporting.

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

	CHOICE Reporting RAT
	M
	
	
	

	>E-UTRAN
	
	
	
	

	>>E-UTRAN Response
	M
	
	E-UTRAN Cell Load Reporting Response B.1.6
	

	>UTRAN
	
	
	
	

	>>UTRAN Response
	M
	
	OCTET STRING
	Contains the Cell Load Information Group IE as defined in TS 25.413. The receiver shall ignore the value of the Source Cell Identifier IE within the Cell Load Information Group IE.

	>GERAN
	
	
	
	

	>>GERAN Response
	M
	
	OCTET STRING
	Contains the Cell Load Information Group IE as defined in TS 48.008. The receiver shall ignore the value of the Cell Identifier IE within the Cell Load Information Group IE.


B.1.6
E-UTRAN Cell Load Reporting Response

This IE contains response information for inter-RAT cell load reporting.

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

	Composite Available Capacity Group
	M
	
	OCTET STRING
	Contains the Composite Available Capacity Group IE as defined in TS 36.423.


B.1.7
Multi-Cell Load Reporting Request

This IE contains request  information for inter-RAT multi-cell load reporting.

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

	Requested Cell List
	
	1 to <maxIRATReportingCells>
	
	One of the cell IDs contained in this list shall be copied in the Reporting Cell Identifier field in the RAN-INFORMATION-REQUESTresponse Application Container for SON Transfer (TS 48.018).

	>IRAT Cell ID
	M
	
	B.1.8
	


	Range bound
	Explanation

	maxIRATReportingCells
	Maximum no. cells to be included. Value is FFS.


B.1.8
IRAT Cell ID

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

	CHOICE Reporting RAT
	M
	
	
	

	>E-UTRAN
	
	
	
	

	>>E-UTRAN CGI
	M
	
	9.2.1.38
	

	>UTRAN
	
	
	
	

	>>Cell Identifier
	M
	
	OCTET STRING
	Contains the Source Cell Identifier IE as defined in TS 25.413.

	>GERAN
	
	
	
	

	>>Cell Identifier
	M
	
	OCTET STRING
	Contains the Cell Identifier IE as defined in TS 48.018.


B.1.9
Multi-Cell Load Reporting Response

This IE contains response information for inter-RAT multi-cell load reporting.

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

	Reporting Cell List
	
	0 to <maxIRATReportingCells>
	
	

	>CHOICE Reporting RAT
	M
	
	
	

	>>E-UTRAN
	
	
	
	

	>>>E-UTRAN CGI
	M
	
	9.2.1.38
	

	>>>E-UTRAN Response
	M
	
	E-UTRAN Cell Load Reporting Response B.1.6
	

	>>UTRAN
	
	
	
	

	>>>UTRAN Response
	M
	
	OCTET STRING
	Contains the Cell Load Information Group IE as defined in TS 25.413. 

	>>GERAN
	
	
	
	

	>>>GERAN Response
	M
	
	OCTET STRING
	Contains the Cell Load Information Group IE as defined in TS 48.008. 


B.1.10
Cell Load Reporting Cause

This IE contains request information for inter-RAT cell load reporting.

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

	Cell Load Reporting Cause
	M
	
	ENUMERATED 

(Application Container Syntax Error,

Inconsistent Reporting Cell Identifier,

Unspecified,

…)
	


The meaning of the different cause values is described in the following table.
	Cell Load Reporting Cause
	Meaning

	Application Container Syntax Error
	The Application Container IE is syntactically incorrect.

	Inconsistent Reporting Cell Identifier
	- In case the reporting RAT is GERAN: the Reporting Cell Identifier in the Application Container IE does not match with the Destination Cell Identifier IE value (in the case of a RAN-INFORMATION-REQUEST PDU) or with the Source Cell Identifier IE value (in the case of a RAN-INFORMATION PDU) of the RIM header.

- In case the reporting RAT is UTRAN or E-UTRAN: the cell identified by Reporting Cell Identifier in the Application Container IE is unknown in the RNC (UTRAN case) or in the eNodeB (E-UTRAN case) identified by the Destination Cell Identifier IE value in the RAN-INFORMATION-REQUEST PDU.

	Unspecified
	Sent when none of the above cause values applies


B.1.11
Event-Triggered Cell Load Reporting Request

This IE contains request  information for inter-RAT cell load reporting.

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

	Number Of Measurement Reporting Levels
	M
	
	ENUMERATED (2, 3, 4, 5, 10, ...)
	The reporting node divides the cell load scale into the indicated number of reporting levels, evenly distributed on a linear scale below the reporting node's threshold for overload. The reporting node sends a report each time the cell load changes from one reporting level to another, and when the cell load enters and exits overload state.


B.1.12
Event-triggered Cell Load Reporting Response

This IE contains response information for event-triggered inter-RAT cell load reporting.

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

	Cell Load
	M
	
	Cell Load Reporting Response 

B.1.5
	

	Overload Flag
	O
	
	ENUMERATED (Overload, ...)
	When this IE is present the cell load exceeds the threshold for overload. 


B.1.13
HO Report

This IE contains information for too early inter-RAT HO without connection failure.

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

	HO Type
	M
	
	ENUMERATED (LTE to UTRAN, LTE to GERAN, …)
	

	HO Report Type
	M
	
	ENUMERATED (Unnecessary HO to another RAT, …)
	

	HO Source ID
	M
	
	IRAT Cell ID

B.1.8
	Contains the cell ID of the source cell for the HO. This IE shall contain an E-UTRAN CGI, and shall be set to the same value as the Reporting Cell Identifier IE in TS 48.018 [18] 

	HO Target ID
	M
	
	IRAT Cell ID

B.1.8
	Contains the cell ID of the target cell for the HO. This IE shall contain either a UTRAN Cell ID or a GERAN Cell ID.

	Candidate Cell List
	
	1 to <maxNrOfCandidateCells>
	
	

	>Candidate Cell ID
	M
	
	IRAT Cell ID

B.1.8
	This IE shall contain an E-UTRAN CGI.


	Range bound
	Explanation

	maxNrOfCandidateCells
	Maximum no. of candidate cells.


B.1.X1
Cell Activation Request

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

	Requested Activate Cell List
	
	1 .. <maxCellineNB>
	
	One of the cell IDs contained in this list shall be copied in the Reporting Cell Identifier field in the RAN-INFORMATION-REQUESTresponse Application Container for SON Transfer (TS 48.018).

	>E-UTRAN CGI 
	M
	
	9.2.1.38
	


	Range bound
	Explanation

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


B.1.X2
Cell Activation Response

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

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

	Reported Activate Cell List
	
	1 .. <maxCellineNB>
	
	

	   >E-UTRAN CGI
	M
	
	9.2.1.38
	

	Activation Flag
	M
	0,1
	
	


	Range bound
	Explanation

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

	Activation Flag
	1 indicates Cell Activated, 0 indicates Cell Deactivated


B.1.X3
Cell Power State Notification

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

	Notification Cell List
	
	1 .. <maxCellineNB>
	
	

	>Inter-RAT Cell ID
	M
	
	9.2.1.38
	

	Notify Flag
	M 
	0,1
	
	


	Range bound
	Explanation

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

	Notify Flag
	Value 1 indicates Activation and value 0 indicates Deactivation
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