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[bookmark: _Toc129708875][bookmark: _Toc163746896]4	Introduction to energy efficiency for media

4.1	General
4.1.1	Motivation
The reason for studying energy consumption in media communications stems from a concern for the current state of the climate, and the need to mitigate the effects of human-induced climate change. These effects are due to greenhouse gas emissions associated with human activity, including the production of energy. In this regard, mitigation strategies revolve around 1) producing cleaner energy, and 2) using less energy. The latter is relevant for any sector, system or device not directly involved in producing energy, including those defined by 3GPP. However, with 70-80% of network traffic being video/media, media data transmission, media data centers and media consumption on UE contribute significantly to energy consumption of mobile media services. Considering the 5G system, energy efficiency of each of its components as well as the system as a whole is required. 
To get to increased energy efficiency both at the component level and at the system level, the system needs to be characterized first. Such characterization additionally enables reporting, thereby informing the various stakeholders of the system's energy performance. High-level measurements illustrated in Section 4.1.2 and 4.1.3 are too coarse to allow system performance improvements, nor does it allow individual stakeholders, including content providers, operators, and end users to know their own instantaneous energy use. Having access to fine-grained information on energy use, for instance on streaming an individual video, would allow the identification of potential energy hot-spots, and it would facilitate government-mandated reporting which is increasingly prevalent in certain markets.
This feasibility study therefore focuses on the possibility of putting infrastructure in place that would enable the measurement and reporting of energy consumption across the media delivery eco-system of 5G networks.
4.1.2 	Energy and power in mobile networks
The terms power and energy are closely related, with power  being the rate at which work is done. It is measured in Watts or equivalently Joules per second (symbol ), or in derived quantities such as ,  or . Energy  is power integrated over time, measured in Joules (), or equivalently Watt-seconds (). Larger quantities are often measured in kilo-Watt-hours , mega-Watt-hours  or tera-Watt-hours (TWh). One  represents 3.6 .
For the year 2020, the global annual electricity consumption (AEC) of mobile networks (including 2G up to 5G, as well as satellite communication) is estimated to be 161 , of which 146  is spent by access networks, 6  by the core network, and 9  by support activities [Malmodin 2024]. This represents 20  per subscription per year [Malmodin 2024]. In the period 2015-2018 this figure was estimated at 17  per subscription per year [Lunden 2022]. 
To characterize the energy used to transmit data in a more fine-grained manner, energy-per-data figures are often reported, for example in /. This suggests that a given network expends energy directly proportional to the amount of data communicated. This, however, has been shown to be an inaccurate measure due to the presence of significant fixed overheads. As an example, the servers in a data center need to be cooled, irrespective of whether data passes through the data center or not. 
For this, and other reasons, the transmission of data incurs a base load which is related to the presence and maintenance of the infrastructure itself, plus a mark-up that depends on the amount of data being transmitted. Thus, a more accurate way to characterize the performance of a network is to use a power model, rather than measurements based on energy. This has the advantage of allowing the base load  to be accounted for in addition to a data-dependent term :

where  is the power consumped (in ),  is the base load (in ),  is the data rate (in mega-bits per second, ), and b is the data-dependent term (in  /  / ). This model can be applied broadly to all equipment used for data transmission, including the IP core network, the radio access network, etc. Examples of power usage for 4G systems and use cases are given in Table 1 [Malmodin 2020].

[bookmark: _Ref165887816]Table 1. example of power usage in mobile transmission systems (after [Malmodin 2020]).
	System / Use case
	Bitrate (in /)
	 (in 
	 (in //)
	 (in W)

	4G RAN
	
	0.5 - 2
	1 – 2
	

	4G Data transmission and IP core network
	
	0.05 – 0.5
	0.03
	

	No data (inactive)
	0
	1.2
	1.53
	1.2

	"YouTube"
	1.5
	1.2
	1.53
	3.4

	"Netflix"
	4
	1.2
	1.53
	7.3

	File download
	40
	1.2
	1.53
	62



As can be seen in this table, the fixed overhead  is relatively important for low Bitrate. For larger bitrates (e.g. the file download example) the transmission rate dominates the power consumption. 

4.1.3	Energy and power in mobile device
According to [Malmodin 2024]. The global annual electricity consumption of smartphones and feature phones is estimated around 17 and 2  respectively.
 The display used for displaying is an important component of the electricity consumption. Today, on average a television consumes 100  when in operation, a laptop around 20 , and a mobile phone < 3  [ITU-R BT.2521].
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