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1.
Introduction
In RAN Plenary #53 meeting a new Work Item for E-UTRAN network savings was approved [1]. This was a follow up on the conclusions agreed for a previous Study Item which is summarized in the Technical report, TR 36.927 [2]. 

One of the areas investigated during the Study Item was the E-UTRAN energy savings in inter-RAT deployments and inter-RAT energy saving procedure proposals was presented. 

In this paper, we further discuss the inter-RAT energy saving procedures presented in [2], and propose mechanisms for conveying the necessary inter-RAT signalling.
2.
Discussion
In network deployments with GERAN/UTRAN cells providing coverage and overlapping E-UTRAN cells deployed for capacity,  two inter-RAT energy saving procedures were proposed in the TR [2], namely, the OAM-based and the signalling-based approaches. Both approaches were evaluated to be feasible, applicable, backward compatible and fulfilling the objectives and general principles of the study.
In the OAM-based approach the OAM makes the decisions to power ON/OFF an E-UTRAN cell using e.g. load and traffic information collected from the E-UTRANs cells and from its neighbouring cells. Power ON/OFF requests are then communicated to the E-UTRAN cells through OAM signalling or through prior configurations in the E-UTRAN (e.g. pre-configured parameters and timers).  In case an E-UTRAN cell is instructed to power OFF/ON, the neighbouring cells (both inter-RAT and inter-eNB) would be notified by the EUTRAN cell or the OAM. 
In contrast to the OAM-based approach, the signalling-based approach does not require a centralized entity like the OAM to co-ordinate the energy savings procedure, instead, by using information collected from other RAN nodes and its own information, an E-UTRAN cell could decide to power OFF. Otherwise, the E-UTRAN cell could also receive ON/OFF requests from neighbouring cells. The E-UTRAN responds back to the requesting node if it is able to honour the power OFF/ON requests. When the decision is made to power ON/OFF, notifications are then sent to the E-UTRAN’s neighbouring cells. 
Observation 1: Some common signaling is required to support the basic signaling-based approach which is basis for all the proposed enhancements. Additional inter-RAT signaling might be required for each enhancement.

Note that in addition to this basic signalling approach, some enhancements were proposed for powering ON E-UTRAN cells that are in a dormant state in the TR [2], which might lead to additional inter-RAT signaling not treated here.    

In Table 1, we summarized the inter-RAT messages required for OAM-based and the basic signalling-based energy saving approaches and indicate whether these messages are between the E-UTRAN cell and neighbouring RAN nodes or the OAM. The additional signaling for enhancements is not included in Table 1. Note that the neighbouring nodes to an E-UTRAN cell could be E-UTRAN cells and the messages required for that communication are already defined in the standards and also not included in Table 1. 

Table 1: Message exchanges for OAM-based and Signalling-based approaches. 

	Energy Saving approaches
	Messages
	OAM and E-UTRAN
	E-UTRAN and GERAN/UTRAN nodes

	OAM-based 
	RAN information (Coverage, load and traffic information of the E-UTRAN) 
	  Yes
	 N/A

	
	ON/OFF requests 
	 Yes
	N/A 

	
	ON/OFF notifications
	Yes
	Could be used (see TR 36.927 [2], section 5.1.2.1)

	
	Pre-configurations
	Yes
	N/A

	Basic Signalling-based 
	RAN information (e.g. energy savings  parameters and load information of other RAN nodes)
	N/A
	 Yes

	
	ON/OFF requests and responses
	N/A
	Yes

	
	ON/OFF notifications
	N/A
	Yes


2.1 Inter-RAT Signalling
As shown in Table 1, in the highlighted rows: 
· the Signalling-based approach requires a basic inter-RAT message exchange between the hotspot E-UTRAN cells and neighbouring inter-RAT nodes. These message includes (see e.g. [2] section 5.1.2.2):  
· ON/OFF notifications, 
· ON/OFF requests and responses
· RAN information 
· the OAM-based procedure requires, besides O&M communication with E-UTRAN, also OFF/ON notifications to be communicated between the hotspot E-UTRAN cells and their RAN neighbours. 
For the inter-RAT messages between E-UTRAN cell and its inter-RAT neighbouring RAN nodes, the RAN Information Management (RIM) procedure, a procedure that provides a generic mechanism for the exchange of arbitrary information between applications belonging to the RAN nodes, can be used [3] for energy saving purposes. The information is carried in RIM containers and communicated from the source RAN node to the destination RAN node in a manner transparent to the core network. This implies that the core network nodes merely forward messages without decoding or modifying them and these core network entities are not impacted by the definition of new RIM applications when new functionalities are required for carrying the inter-RAT messages. Instead, changes would only be required to the source and destination RAN nodes. 
Currently, for Self organizing nodes (SON) applications i.e. SON transfer RIM application, information such as cell load is shared between network nodes of different RANs using the RIM procedure [3].  A similar approach can be used for sharing RAN information, neighbour requests and responses, and notifications between the E-UTRAN and the UTRAN/GERAN for energy savings purposes, as they are not very frequent.  It is also note-worthy additional inter-RAT signaling required for the signaling-based enhancements could also be communicated using the RIM procedure.
Proposal 1: We recommend that the inter-RAT messages between RAN entities for both the OAM-based and the basic signalling-based energy savings procedures be communicated using the RIM procedure.  
In subsections 2.2 and 2.3, we discuss proposals for carrying ON/OFF messages and RAN information between the inter-RAT nodes [4].  

2.2 ON/OFF Messages (Notification, Request and Response)

Here, we discuss two approaches to implement the ON/OFF (i.e. cell activation/deactivation) notification, request and response messages: one approach requires a modification of the SON TRANSFER Application and the other requires the creation of a new “RIM Application identity”, as described below.
Approach 1

If the SON TRANSFER Application is used, a new SON TRANFER application named “Cell Power State Application” can be defined to support Cell activation/deactivation notification, request and response. However, since the SON Transfer Application does not support notification messages (i.e. does not have a notification container), the SON transfer application needs to be extended to support the notification messages by adding a “SON Transfer Notification Container”. With these changes, the Cell Activation/Deactivation Notification, Request and Response can be implemented using the SON TRANSFER Notification Container, the SON TRANSFER Request Container and the SON TRANSFER Response Container, respectively. 

Figure 1 shows the proposed protocol stack for the “Cell Power state Application”, in case the modified SON TRANSFER Application is used.
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Figure 1: Proposed Stack with the modified “SON TRANSFER” Application. 
Approach 2
Instead of modifying the existing SON Transfer Application, a new RIM Application identity named “Network Energy Savings Application” can be created. This application is similar to the existing SON Transfer Application and similarly has Request and Response Containers. In addition, a “Notification Container” is also included. The “Cell Power State Application”, a new “Network Energy Saving Application” identity, is then defined to support the Cell activation/deactivation notification, request and response messages.
Figure 2 shows the proposed protocol stack for the “Cell Power state Application” if the new Network Energy Saving Application is used.
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Figure 2: Proposed Stack with the “Network Energy Savings” Application.
With either approach, the messages for Notification and for Request/Response between two nodes are shown in Figures 3 and 4. The “Cell Power State Notification” message is sent when Node 1 wants to notify Node 2 that its power status has changed either to ON (Activation indicator) or to OFF (Deactivation indicator). Similarly, when Node 1 (an inter-RAT node) desires to power-on an  E-UTRAN cell (e.g. to off load it and free capacity), it sends the “Cell Power State Request” with and “activation indicator” to the node current in OFF state, which will  respond back with the  “Cell Power State Response” carrying an ACK or NAK.
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Figure 3: Proposed Cell Power State Notification.
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Figure 4: Proposed Cell Power State Request and Response Messages

In Summary, the following information will be included in the messages:
·  Cell Power State Notification: Source cell ID, Activation/Deactivation Indicator and Reason for state change. 

·  Cell Power State Request: Source cell ID, Activation/Deactivation Indicator and Reason for Request.
·  Cell Power State Response: Source cell ID and Response (ACK/NAK).
In order to avoid backward compatibility issues with existing inter-RAT network nodes that support the SON TRANSFER application, we recommend that a new “RIM Application Identity” (i.e. the “Network Energy Savings Application”) be defined. This application is similar to the SON TRANSFER but also includes an additional “notification” container. A new “Network Energy Savings Application identity”, the “Cell Power State” Application should be defined to carry the notification, response and request messages.  
Proposal 2a: A new “RIM Application Identity” called “Network Energy Savings Application” shall be defined for energy saving scope. The application is similar to the SON TRANSFER but also include an additional “notification” container. 
Proposal 2b: A new “Network Energy Savings Application identity”, the “Cell Power State” Application should be defined to carry the notification, response and request messages for energy saving.  

2.3 RAN information
As discussed in the TR 36.927 [2], information exchanging between inter- RAT nodes can also be used by E-UTRAN in making switch off decisions. RAN information such as load information could be useful in this scenario because the eNB could ensure that the neighbouring nodes can support its load (if any) when it powers off. In addition, though not discussed here, energy saving parameters like thresholds, power consumption, etc. could also be exchanged.

The “Cell load reporting” and “Multi-cell load reporting” RIM applications which support a RAN node’s in requesting load reports from one or more inter-RAT neighbours may be applicable to network energy signaling-based procedure. The “cell load reporting” and “multi-cell load reporting” RIM applications were standardized for SON type applications [5]. The application of these reporting mechanism are useful for network energy savings especially in scenarios where the eNB cells request RAN information from inter-RAT neighbours in order to decide to power OFF. In that case, the decision can be based on a combination of information about its own load and neighbouring inter-RAT and inter-eNB cells load information received in response to the “cell load reporting” or the “multi-cell load reporting” request(s). 

The event triggering of load reporting was also standardized in Release 10 for inter-RAT load reporting in SON scenarios [5]. This mechanism allows load information reporting from inter-RAT nodes based on thresholds. This reporting mechanism is useful for network energy saving scenarios where the power off decision is made based on load exchanging. This is because in the case that this reporting is configured for inter-RAT neighbours, as the load on those cells changes, the eNB cells are notified in a timely fashion so that the appropriate decisions can be made.
Proposal 3: Existing RIM-based cell load, multi-cell load and event triggered IRAT load reporting mechanisms for SON can be used for inter-RAT network energy savings load reporting. 

3.
Conclusions
In this paper, we reviewed the inter-RAT energy savings procedures proposed in the TR [2] and the inter-RAT messages required for both the OAM-based and the basic signalling-based procedures.  With regards to these inter-RAT messages, we propose the following:  

Proposal 1: Inter-RAT messages for both the OAM-based and the basic signalling-based energy savings procedures should be communicated using the RIM procedure.
Proposal 2a: A new “RIM Application Identity” called “Network Energy Savings Application” shall be defined for energy saving scope. The application is similar to the SON TRANSFER but also include an additional “notification” container. 
Proposal 2b: A new “Network Energy Savings Application identity”, the “Cell Power State” Application should be defined to carry the notification, response and request messages for energy saving.  

Proposal 3: Existing RIM-based cell load, multi-cell load and event triggered IRAT load reporting mechanisms for SON can be used for inter-RAT network energy savings load reporting. 
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