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Abstract of the contribution: This contribution propose the Energy Efficiency Control Framework as a solution to the key Issues in  Section 5.x in TR21.866
Introduction
This contribution proposes the description of an Energy Efficiency Control Framework as a solution in Section 6.x in TR21.866.
Proposal:
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6.X
Potential Solution X: The Energy Efficiency Control Framework
6.x.1
General
To avoid fragmented and proprietary implementations of energy efficiency control and management  and facilitate the coordinated actions for maximizing system wide energy efficiency gains, an energy efficiency control framework is described  to define the key common functions and the control sequence and procedures for controlling and managing energy efficiency. It aims to be technology and network architecture agnostic and applicable to existing and future mobile networks  but the specific functions and the control procedures may vary in different networks and different levels (network, equipment and site) in a network and can be integrated with existing and future new networks architectures and functions such as QoS policy and charging control functions and the network management functions.
6.x.2
Architecture description
Figure 6.x shows a general framework for energy efficiency control.










Figure 6.x.1 A general framework of EE Control
The key functions in self-managed automated energy efficiency control processes should include:
· EE Policy Management: defines and manages the energy efficiency control policies related to the energy consumption status and control operations at the network, equipment and site levels. It translates the policy information into configurations at the EE optimisation entities at network, equipment and site levels, where applicable. The policy may be adjusted according to achievable EE KPI and the variations of QoS/QoE.
· EE Control and Coordination: the energy efficiency control is designed to be a self-managed and automated process to control and coordinate the power saving operations across all the relevant elements at a network, equipment and site levels. 
The operating conditions such as traffic load and density at the network and equipment levels and operational conditions such as temperature and humidity at the site level are monitored and reported. According to the energy efficiency control policy and the current status, energy efficiency control operations are activated/deactivated  in each of the EE optimisation entities.  The embedded energy metering function in each EE optimisation entity collects the necessary statistics such as EE KPI and QoS/QoE and then report the information to the EE Profiles Management. The energy efficiency optimisation entity can be a logical or physical component to execute the EE policies and the corresponding energy consumption optimisation operations.
· EE Profiles Management: monitors, collects, processes, stores and provides EE related information and statistics including the profiles for traffic, operating conditions, the corresponding achievable EE KPI, the variations of QoS/QoE in reference to the pre-fined QoS/QoE requirements from the embedded energy metering functions in each of the EE optimisation entities. The information is assessed and then sent to the EE Control and Coordination  for adjusting the power saving control operations and possible policy adjustment by the EE Policy Control. 
6.x.3
Function description

Figure 6.x.2 an EE control process which describes the sequences of key EE control functions.
The Energy Efficiency Control Policies should define the following attributes;
· Equipment/Network Functions ID: the equipment/network functions where the policy should be applied.

· Power Saving Modes: sleep mode, other advanced power saving modes.

· EE Control Valid Time:  when EE control policies should be applied (in combination with other attributes)
· Power Saving Status Exchange chain descriptions: the link between the related EE control entities to coordinate and synchronise the power saving actions (UE/RAN/CN/backhaul/fronthaul/backbone/Data Repositories/etc)
· Equipment/Network Deployment Scenario: the scenario (dense urban/urban/rural/etc) where the EE optimisation policies apply.
· Power Saving Conditions: the conditions to apply EE optimisation control e.g. the off-peak time/ the traffic & connection density is below the designated thresholds.
· Required CoE:  the operator’ defined values as a target EE KPI.













Figure 6.x.2 The EE Control Process
· Power Saving Operation Description:  the enabling/disabling of pre-defined power saving operations. For example:
· Power Saving State: the status of  network or network equipment or site where power saving operations are activated/deactivated.
· Power Saving Operations:  the actions to be taken.
· Wake-time Time: the time taken to recover the power and transit from power saving mode(s) to full operations.

The Network Power Saving Configuration refers to operations to configure the network parameters and thresholds such as those in RRM for RAN to activate/deactivate the power saving operations. 

As example, the EE Control Framework and the associated functions can be mapped to SON functions as described in Section 6.1. The description of rules and attributes in the EE policies can translate high level operators’ EE objectives into specific EE control operations in RAN.  The SON functions should be extended or enhanced to support the following functions;
· Automated PA power adaptation at symbol level: e.g. for 4G networks, adaptation of output power is performed at TTI level every1ms and the power amplifier can be switched on and off per at per symbol level (every 1/14 ms).
· Switch-off superposing radio transmission/receiving such as MIMO and/or carriers such as the  2nd  4G carrier when traffic density is below a threshold or off-peak time, e.g. during the night.

Other technologies such as SDN/NFV[2][3][4][5] and network slicing[1] should also be considered to enable the  aforementioned EE control functions.
The self-managed  self-adjusting and automated EE control should be able to manage  the potentially conflicting KPI’s such as spectral efficiency vs. energy efficiency vs QoS/QoE to stabilize the system performance with the optimal network configurations.
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