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1 Introduction
Recently, network energy efficiency has been regarded as one of the key capabilities of 5G system. For example, in [1], it is stated that energy efficiency of the networks is a key factor to minimize the TCO, along with the environmental footprint of networks. And it is a central design principle of 5G. Similarly in ITU-R [2], it is required that the energy consumption for the 5G system should not be greater than IMT network deployed today, while delivering the enhanced capabilities, which means that the network energy efficiency should therefore be improved by a factor at least as great as envisaged traffic capacity increase of 5G related to IMT-Advanced for enhanced mobile broadband. In the 5G requirement study item in 3GPP, network energy efficiency is also identified as one of the key performance indicators (KPIs) [3]. It is expected that the 5G network should provide a much better area traffic capacity while at the same time, be able to minimize the RAN energy consumption.
Therefore, in this paper, we try to analyze the system design principles to support energy efficient 5G network.

2 System design principles

From the system’s perspective, network energy efficiency should be improved with solutions in multiple domains jointly. And in this section, we try to analyze the principles to design the solutions in different resource domain, e.g., time/frequency/space/power, and give guidance on the overall system design.
2.1 Time domain
In the time domain, we should use power only when it is needed. Turning on/off different components in network equipments in different time durations is expected to be able to harvest obvious energy saving gain. Here, components include different hardware equipments (e.g., PA) and their combinations (e.g., RU or even the whole base station). For different components, the on/off duration may be quite different. For example, PA can turn on and off at time-slot or even symbol level [4], while for BBU maybe short term on/off switching is not feasible. In order to maximize the energy saving gain in time domain, we should consider how to match the radio resource utilization with the traffic requirement. In legacy system, the data channel is designed to match the traffic fluctuation with dynamic scheduling, but the common signals including control channel are designed to achieve robustness and higher reliability, which in most cases is traffic independent.

Therefore, even when the traffic requirement is very low, the system common signal still continuously transmitting, leading to high energy wasting. Therefore, it is rather reasonable to redesign the common signal to make it configurable and service adaptive to match the traffic requirement and control overhead especially in the time domain. For example, the reference signals used for demodulating a physical channel are contained only within the same time/frequency resource occupied by that physical channel, and are transmitted only when that physical channel is present. This includes acquiring fine synchronization from the TRP that transmits the physical channel. UE minimum performance requirements should be specified based on this principle. This applies to common signals/channels as well as to UE-specific signals/channels.
Proposal 1: common signals (e.g., control channel, reference signal) design to match the traffic load should be studied to support energy efficient 5G.
2.2 Frequency domain
In the frequency domain, we should use power only when wide bandwidth is available. From Shannon Law we can see that wider bandwidth leads to higher link EE performance [5], and then we can derive that burst on the wide bandwidth with aligned time duration is preferred. Since the power consumption of base station is not linear to the used bandwidth, while the capacity will almost linearly grow as the bandwidth increases especially in interference-limited environment (e.g., dense urban), thus higher EE performance is expected if we can use more bandwidth at the same time. Similarly, we can see that bandwidth sharing is also beneficial, e.g., aggregating licensed and unlicensed spectrum. The principle behind this wideband transmission is that we should utilize bandwidth and power opportunistically (burst on demand) because only in this way we can finish the burst transmission in less TTIs, and then the base station has more chance to work in low power or even in idle status. Note that even with the same load level (e.g., measured with resource utilization ratio), burst transmission localized with short time duration (on wider bandwidth) could have less power consumption than that with long time duration (on limited bandwidth), as some components in base station would consume power all the time if not being turned off. As long as wide bandwidth can be aggregated to for a single transmission burst, new control channel and link adaptation mechanism may be needed.
Proposal 2: for energy efficiency, the design should prioritize frequency domain transmission of transport blocks over longer TTIs (at least when deep coverage is not required).
2.3 Space domain
In the space domain, we should use power only where it is needed. It is expected that if the energy distribution can be controlled, then it is possible to achieve higher network energy efficiency performance because most of the energy can be used to serve the necessary traffic and less energy will be wasted. Using multiple antennas to generate directional beam and then put the energy to the useful users is such a kind of technology. Basically, array gain can be used to reduce the required transmit power, however, if the number of RF chains grows obviously in order to support more spatial data streams, then it may lead to even higher overall power consumption of the base station. Therefore, advanced beamforming should be studied to achieve the balance between performance and energy consumption.
There is a trade-off between energy consumption and capacity increase as the number of antenna elements at the base station increases given a maximum number of antennas at the receiver. It may not always be beneficial to go to higher numbers of antenna elements at the base station once energy consumption is taken into account [6]. However, the use of state-of-the-art hybrid beamforming [7] and meta-material focal array technology [8] can allow increasing beamforming gain with better energy efficiency. In hybrid beamforming, base station can control whether to maximize the directivity of beam or to maximize the number of simultaneous data streams, thus the tradeoff between energy consumption and capacity improvement is achieved. In meta-material focal array technology, different predefined analog beam signatures are formed and digital circuits are used to control which beams are selected to transmit data. Hence, the maximum number of antenna ports and the predefined set of analog beam signatures for RF chains need to be specified to achieve high energy efficiency performance. 
Proposal 3: advanced beamforming should be studied to support energy efficient 5G, and increasing the number of antenna elements should be considered along with the energy consumption and state of the art antenna and RF technologies.
2.4 Power domain
In the power domain, we should use power only from high energy efficient radio point. Since different kinds of base stations have quite different power consumption behaviors, it is recommended to utilize the power taking the impact of base station power consumption behavior into consideration. For example, small cell has quite lower power consumption than that of macro cell, while for the user plane the small cell can support higher data rate than macro cell especially in the hot spot scenarios, thus it is expected that if more users are served by small cell then higher network EE can be achieved. Compared with small cell, macro cell can support wider coverage, which shows obvious advantage in mobility management and overall radio resource allocation. Therefore, one possible EE based solution is to transmit signals/channels targeting wide coverage from a few base stations (e.g., macro cells) while transmit signals/channels targeting large throughput but shorter coverage from the small cells. In this way, macro cell will consume less power as more traffic load is offloaded to small cell, while for small cell the power consumption increase is marginal due to its very low power consumption.
Proposal 4: the system should be designed to optimize traffic offloading for saving energy.
3 Conclusions
In this contribution, we discuss the system design principles to support energy efficient 5G system, and the following proposals are drawn. 
Proposal 1: common signals (e.g., control channel, reference signal) design to match the traffic load should be studied to support energy efficient 5G.
Proposal 2: for energy efficiency, the design should prioritize frequency domain transmission of transport blocks over longer TTIs (at least when deep coverage is not required).

Proposal 3: advanced beamforming should be studied to support energy efficient 5G, and increasing the number of antenna elements should be considered along with the energy consumption and state of the art antenna and RF technologies.
Proposal 4: the system should be designed to optimize traffic offloading for saving energy.
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