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3GPP is committed to start working on technology components that will be part of a new radio (NR) access technology that meets the requirements of next generation mobile communication systems [1], [2], [3].
Network energy performance is about minimizing the total network energy consumption, despite increased traffic and service expansion. The energy consumption of a network must be considered in relation to what the network delivers e.g. in terms of area coverage and cell edge user throughput.
There are three main reasons for why network energy performance matters and they are economy, ecology, and engineering. Energy consumption cost money, causes greenhouse gas emissions, and generate heat which makes products bulky and heavy. 
Network energy usage (e.g. measured in J/subscriber or J/bit) is continuously becoming more efficient but these improvements are not enough to counterbalance the increase in usage. The trend for the mobile network electricity consumption globally is a steady but not very dramatic increase: In 2015 it was 108 TWh and by 2021 it is expected to be 132 TWh [4]. 
A new standard gives new opportunities to enhance RAN energy performance, and we have identified a number of important technologies in relation to this in [5]. This contribution outlines what needs to be done differently in NR compared to previous generations in order to take a major leap in network energy performance.
Discussion
The big picture
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Figure 1: Mobile network energy consumption; the big picture.
The left part of Figure 1 is an illustration of a typical mobile network consisting of the RAN (radio sites), as well as the core / IP transport network. The RAN is typically responsible for 75-80% of the total energy consumption, and the core / IP network for the remaining 20-25%.
The picture in the right part of Figure 1 shows the total energy consumption of mobile networks in Sweden (in GWh), divided per generation. The important observation is that once network coverage is built out for a generation, the energy consumption stays flat despite that the traffic is increasing. This confirms an observation we have seen in numerous simulation studies (e.g. [6][7][8]): it is not the traffic that drives energy consumption in a mobile network, it is to provide network coverage.
Traffic and network energy consumption
Related to network traffic some important observations were drawn in [5]:
· The network traffic is very low on average; most of the time most of the cells experience low traffic.
· There are large variations in network traffic; some cells experience very high traffic, and some cells experience very low traffic. Traffic also varies very much with time. At the same time, we need to dimension the network for the traffic peaks.
· Traffic increases more, both in absolute numbers and in percentage numbers, when and where it is already high. This implies that traffic variations will be even more pronounced in the future.
· High traffic and low traffic exist in all environments. Some cells in dense urban areas pick up very little traffic while some cells in rural areas carry a very high traffic load.
When considering that the average network load is low and that the LTE standard stipulates a large amount of mandatory transmissions that must be transmitted from all network nodes regardless if there is traffic or not.
In the left part of Figure 3 we see an “empty LTE radio frame” which actually contains a significant amount of signals to be transmitted (SIB related transmission are not shown). The right part shows a typical power consumption profile of a radio base station. When idle a macro base station can consume around 50% of the consumption in full load.
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Figure 2: Left: “An empty LTE radio frame”. Right: Typical power profile of a radio base station.
What will happen with 5G?
Mobile traffic growth has little impact on networks’ energy consumption. The growth in app and smart device usage over the past several years has driven a rapid increase in data traffic, and this trend is expected to continue. Mobile data traffic in 2015 was in total around 50 ExaBytes (EB), and will reach 540 EB in 2021 – a more than ten-fold increase [4]. Given the magnitude of traffic usage today and taking into account the sizeable growth expected in the coming years, the energy required to manage this usage has become an increasingly important consideration. 
While traffic in mobile networks has grown tremendously over the last few years, networks have become increasingly energy efficient. A study estimating the energy consumed by mobile networks in Sweden shows that over the past 6 years, data traffic increased over 13 times while energy consumption grew by around 40 percent. Globally, mobile data traffic is projected to increase over 10 times by 2021, while the energy required to serve that traffic is projected to go up by only around 20 percent. At the same time, 2G and 3G energy consumption, on the site level, started to decline as a result of network modernization of existing radio sites. The increase in mobile networks’ energy consumption is closely correlated with building out geographical coverage for new radio technologies. 
When NR is being rolled out we can either expect a “business-as-usual-scenario” where energy consumption increases as we add coverage for “yet another generation”. Or we can ensure that NR provides a major leap in network energy consumption such that the additional energy cost of NR compared to legacy systems is significantly smaller. And with time legacy network nodes will be modernized and that will then start to bring the total network energy consumption down. In addition the working towards a common network platform, i.e. one network that support many use cases (e.g. via network slicing) is also an important enabler for enhanced overall network energy performance.
Solution: only transmit when and where needed
For NR we should target a more load adaptive network energy consumption. This is achieved by both hardware concepts (dynamic sleep modes, more adaptive behavior), but a lot is also dictated by the concepts and standards we define (e.g. on the radio interface).
We have formulated two design principles, which may sound obvious but are far from reality in current networks:
1. To only be active and transmit when needed
2. To only be active and transmit where needed 
Ultra-lean design 
“To only transmit when needed” refers in particular to minimized transmissions not directly related to the delivery of user data. For radio access, such transmissions include signals for synchronization, network acquisition and channel estimation, as well as the broadcast of different types of system and control information. This can also be interpreted as: transmitting as seldom as possible but as often as needed. 
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[bookmark: _Ref447204195]Figure 3: Access related signals for NR should be based on an “ultra-lean design” principle. It should be possible to target significantly less on duration (100 times more in this example) as well as significantly longer DTX durations (500 times longer in this example).
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DTX ratio and duration
In [9] the impact on energy consumption in network nodes as function of the DTX duration is studied. By examining the models provided in [9] we note that long DTX durations are of key importance for achieving low energy consumption and we propose to aim for network DTX durations up to at least 100 ms (at times when no user data is to be transmitted). 
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Figure 4: The impact on DTX duration and network node power consumption is significant. 
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Massive MIMO
With significantly enhanced antenna processing techniques we can achieve several key improvements that will have a significant impact on the network energy performance e.g.:
· Increased range: High gain beamforming enables larger inter-site distance. The network energy consumption is highly dependent on the number of nodes required to cover an area. Even though a node with advanced antenna processing capabilities might consume more energy than a simple node without the effect is almost always a significant decrease in network energy consumption (See [10] for more details).
· Spatial multiplexing and multi-user performance gains: Peak-hour capacity and user-throughput is dimensioning. With MU-MIMO each user can get the full bandwidth more often. Cell edge user throughput during peak-hour can be maintained with fewer network nodes when advanced antenna processing is fully utilized.
· Rush to sleep: Transmitting data quicker enables more sleep in the network nodes (although on a network level this effect is not very large).
 “To only transmit where needed” refers to the distinction between the needs for dedicated, directional (also referred to as beam-formed) transmissions and broadcasted omni-present transmissions to several users. 
Furthermore, this may also imply a preference for dedicated transmissions from shorter distances with lower power; that is, more localized transmissions, when applicable. Adding additional access nodes, thereby reducing the access node-to-device distance, also reduces the required transmission power for a certain data rate. This, however, only translates into decreased network energy consumption when the added energy consumption from the new node is smaller than the gained transmission energy.
Conclusion
This paper has discussed lessons learned from network energy consumption in 2G/3G/4G networks. Some key observations relevant when designing a new radio access technology are:
In typical networks today the dependence between traffic load and network energy consumption is very low.
Energy performance requires addressing low traffic cases.
A good design principle for enhanced network energy consumption is to only be active when and where needed.
The amount of DTX as well as the maximum DTX duration in an idle network node are parameters with large impact on the total network energy consumption.

Based on the discussion in this paper and the observations listed above we propose the following:
Proposal 1	NR should aim for low duty cycles (below 1% in absence of user data traffic).
Proposal 2	NR should aim to maximize network DTX duration and aim for at least 100 ms (at times when no user data is to be transmitted).
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