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3
Rationale
3.1 The concept of Energy Saving Policy
Currently, we have several energy saving scenarios, i.e. ENB Overlaid, Capacity-Limited Network, etc. In the following figure 3.1, area A is a residential area, most of the people in this area go to work in the morning and go back in the evening. Area B is the campus of a university, people come here in the morning and leave in the evening. We can say area A and area B are all Capacity-Limited Network scenarios.
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Figure 3.1

As we know, the eNBs which are involved in an Energy saving function in a particular geographic area will play different roles during the Energy saving procedure, for example, in a Capacity-Limited Network scenario, some eNBs will transmit to ESaving state, and others will transmit to ES-Compensate state. We can say the eNBs which will transmit to different states plays different Energy Saving Roles (ES-Roles) in the energy saving functions. So, from the point of view of energy saving management, for a particular energy saving scenario in a particular geographic area, it is better to predefine a policy to indicate which eNBs will work together for energy saving purpose, and they will play which kind of ES-Roles. We can call this kind of policy as Energy Saving Policy (ES-Policy). An ES-Policy is used to indicate how many eNBs are involved in an Energy saving scenario and what kind of ES-Roles the eNBs will play during the energy saving period.  We can call the group of the eNBs which are involved in an ES-Policy as an Energy Saving Group (ES-Group).  In addition, an ES-Policy may also need to include the trigger conditions which are used to indicate when the eNBs shall transmit their states for energy saving purpose, we can call these trigger conditions as Energy Saving Trigger Condition (ES-Trigger Condition). The ES-Trigger Conditions can be decided based on the energy saving policy of the operator. So, for example, we can create two ES-Policies for the areaes in Figure 3.1:
Area A):  



ES-Policy: ES-Policy-A



ES-Group: (eNB-21, eNB-22, eNB-23, eNB-24, eNB-25)



ES-Roles: (eNB-21, eNB-22, eNB-23, eNB-24: ESaving; eNB-25: ES-Compensate)



ES-Trigger Condition: Energy saving during 0:0 – 6:0, 9:00 – 17:00.
Area B):  



ES-Policy: ES-Policy-B



 ES-Group: (eNB-11, eNB-12, eNB-13, eNB-14, eNB-15)



ES-Roles: (eNB-11, eNB-12, eNB-13, eNB-14: ESaving; eNB-15: ES-Compensate)

ES-Trigger Condition: Energy saving starts when the traffic load of all the eNBs is lower then TrafficLoadThreshold-1, and stops when the traffic load of eNB-15 is higher then TrafficLoadThreshold-2. 

3.2 Two parts of Energy Saving Function
Generally, after the network goes into normal status, the traffic pattern of a particular geographic area is relatively stable, so the Energy Saving Policy for this geographic area needs not to be changed frequently, but the eNBs which are involved in this ES-Policy may be activated to ESaving state or ES-Compensate state and deactivated to No-ES state frequently for energy saving purpose. So we can split the Energy Saving Function into two parts, the first one is the Energy Saving Policy Making Part, this part creates and updates the ES-Policies; and the second part is the Energy Saving Monitoring & Triggering Part, this part monitors the ES-Trigger Conditions and triggers the activation procedure of the eNBs to ESaving state or ES-Compensate state and deactivation procefure to No-ES state according to the ES-Trigger Conditions. Based on this fact, we can organize the energy saving function into two function blocks: Energy Saving Policy Making Function Block (ES-PMFB) and Energy Saving Monitoring & Triggering Function Block (ES-MTFB). The relationship between these two function blocks is shown in figure 3.2.
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Figure 3.2

Energy Saving Policy Making Function Block (ES-PMFB) is used to create ES-Policies based on the energy saving policies of the operator, the historic information of the network and the geographic information of the network, etc. It also evaluates the energy saving effect of the ES-Policies regularly (e.g. per day, per week, per month, etc.), and if the energy saving effect of an ES-Policy is below the preset threshold, it updates or recreates the ES-Policy. 
The Energy Saving Policy Making Function Block can be a separate network planning & optimizing tool or a part of the NMS. 
Energy Saving Monitoring & Triggering Function Block (ES-MTFB) is used to monitor the ES-Trigger Conditions of an ES-Policy, and activates/deactivates the states changes of the related eNBs for energy saving purpose, when the ES-Trigger Conditions are reached. It also reports the information of the ES-states changes of the eNBs to the Energy Saving Policy Making Function Block. The information of the ES-states changes is used by the Energy Saving Policy Making Function Block to evaluate the energy saving effect of the ES-Policies.
3.3 Two archirectures of Energy Saving Function
Currently, the decision of an ES-Policy is difficult to be made below Itf-N, especially the decision of which eNB will play what kind of ES-Roles in an ES-Policy, because to make this decision, the algorithm needs to know the detail geographic information of the eNBs, not only the coordinate, but also the height of the location of the eNBs, the environment of the eNBs (e.g. the height and style of the buildings surrounding the eNBs, etc.). Currently, it is difficult to get all these geographic information below Itf-N. So, the decision of Energy Saving Policy must be made above Itf-N, i.e. the Energy Saving Policy Making Function Block must locate above Itf-N. Base on this consideration, it is clear that there are two archirectures of Energy Saving Function, which are shown in figure 3.3.
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Figure 3.3

The architecture A in figure 3.3 is the hybrid architecture, and B is the centralized architecture.
For the Capacity-Limited Network scenario, the Energy Saving Monitoring & Triggering Function Block (ES-MTFB) will more efficient if it is located below Itf-N. So for the Capacity-Limited Network scenario, the hybrid architecture is preferred.
4 Detailed proposal
It is proposed to add following contents into TS 32.551-010.
	1st Modified Section


7
Functions and Architecture

7.1
Logical Function Blocks
7.1.1
Energy Saving Policy Making Function Block (ES-PMFB) 

This function block is used to create ES-Policies based on the energy saving policies of the operator, the historic information of the network and the geographic information of the network, etc. It also evaluates the energy saving effect of the ES-Policies regularly (e.g. per day, per week, per month, etc.), and if the energy saving effect of an ES-Policy is below the preset threshold, it updates, deletes or recreates the ES-Policy. 

Currently, the decision of an ES-Policy is difficult to be made below Itf-N, especially the decision of which eNB will play what kind of ES-Roles in an ES-Policy, because to make this decision, the algorithm needs to know the detail geographic information of the eNBs, not only the coordinate, but also the height of the location of the eNBs, the environment of the eNBs (e.g. the height and style of the buildings surrounding the eNBs, etc.). Currently, it is difficult to get all these geographic information below Itf-N. So, the decision of Energy Saving Policy must be made above Itf-N, i.e. the Energy Saving Policy Making Function Block must locate above Itf-N.
The Energy Saving Policy Making Function Block can be a separate network planning & optimizing tool or a part of the NMS. 

7.1.2
Energy Saving Monitoring & Triggering Function Block (ES-MTFB)

 This function block is used to monitor the ES-Trigger Conditions of an ES-Policy, and activates/deactivates the states changes of the related eNBs for energy saving purpose, when the ES-Trigger Conditions are reached. It also reports the information of the ES-states changes of the eNBs to the Energy Saving Policy Making Function Block. The information of the ES-states changes is used by the Energy Saving Policy Making Function Block to evaluate the energy saving effect of the ES-Policies.

7.1.3 The relationship between the function blocks
The relationship between the function blocks is shown in Figure 7.1.
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Figure 7.1
7.2
Architecture

Base on the assumption that the Energy Saving Policy Making Function Block must locate above Itf-N, it is clear that there are two archirectures of Energy Saving Function, which are shown in figure 7.2.
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Figure 7.2

The architecture A in figure 7.2 is the hybrid architecture, and B is the ES-Above-Inf-N architecture.
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