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1
Introduction
3GPP RAN meeting #70 in December 2015 opened a study on scenarios and requirements for Next Generation Access Technologies [1]. The draft Technical Report of the SI [2] released in March after 3GPP RAN meeting #71 mentions a KPI for network energy efficiency, and for example, NGMN has set a target that in next 10 years’ timeframe 5G should support 1000x traffic growth while the overall network energy consumption should reduce to a half compared to what typical networks consume today [4]. Also the Orange contribution to RAN#71 makes a compelling point on the importance of energy efficiency and implies potential 5G New Radio design improvements over LTE to achieve that [5].
More generally, it is obvious that in order to support ecologically and economically sustainable evolution of mobile networks, network energy efficiency has become an increasingly important requirement. Besides the networks energy costs and CO2 emissions, additional motivation for reducing the BTS energy consumption is to enable off-grid solutions that rely on renewable energy sources. On global scale, ~80% of the mobile networks’ energy consumption occurs at base stations, and predictions suggest that this will further increase to 90% and beyond with LTE [7].

In this document, the currently written down requirements and expectations are listed, and their implications to the physical layer design are discussed.

2
Discussion
2.1
Current LTE base station energy efficiency
The observed average PRB utilization in LTE networks in 2015 over 24/7 is only 5-25% even in the highest loaded networks, the median being as low as ~2.5%. Thus, clearly one of the key enablers for BTS energy efficiency is to minimize energy consumption when cell is “empty”, i.e. in the time instances when cell has no user plane traffic. 

Current LTE base stations perform rather poorly in this respect; an empty LTE macro BTS consumes only ~50% less energy compared to a fully loaded one, the exact value depending on the cell’s maximum power and other implementation aspects, in a low power BTS the reduction in the power consumed during periods of no activity may be only ~10%. This is largely because LTE’s CRS design has not been optimized for fast cell detection, not for energy efficiency. An empty LTE cell transmits CRS in four symbols out of 14 in every 1ms TTI, making it difficult to utilize energy saving mechanisms, such as micro-DTX, efficiently. There may be other implementation optimization and technology evolution related aspects that can impact future BTS energy consumption, but these are not in the scope of standardization effort as such.
2.2
Base station HW evolution
Power amplifier consumes majority of the power in BTS level. In macro BTSs share of PA is typically ~60-70%, while in low power BTS also baseband consumes significant share of overall power. Figure 1 shows an example of BTS power breakdown (in 2011).  

Power amplifier efficiency will develop, but higher frequency, low RF power and wide signal bandwidth creates new challenges in 5G. Furthermore, since the development of PA efficiency is relatively slow compared to the development of the digital parts, the relative share of PA is expected to increase in the future. 

A recent power model presented in [7], predicts that in 2020 share of PA in 20MHz macro is already ~75-80% for both macro and SCs, power supply being the second most consuming component (~20%), and the share of baseband would decrease to less than 1%. On the other hand, according to [7], consumption of digital parts scales linearly according to bandwidth. Thus, in 5G, the share of baseband would be higher. For example, for a macro with 240W total power and 500MHz bandwidth, the model predicts that in 2020 the share of baseband is ~16%.
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Figure 1: Power consumption distribution in radio base stations. Source: Opportunities for Energy Savings in Pico/Femto-cell Base-Stations - Future Network & MobileSummit 2011 Conference Proceedings
Gallium Nitride (GaN) FETs is the most promising power transistor technology for 5G amplifiers at 3 – 30 GHz range (in 2015). Cost has been the limiting factor to adopt GaN, but the cost is coming quickly down and first GaN powered macro BTSs are already in the market.
Envelope tracking is a promising technology for improving the PA efficiency at lower load levels (currently applicable to bandwidths of few tens of MHz). Partially loaded amplifier has poor efficiency today, leaving more room for improvement. 
A prediction extrapolating from the model presented in [7] by assuming that PA peak efficiency improves from the current ~40% to ~60% in the next 15 years, first due to introduction of GaN, and later due to switch mode PAs that are currently under research. PA efficiency at 10dB lower load is assumed to improve from the current ~15% to ~40%, respectively. The efficiency of the digital parts is assumed to have 2x improvement every 24months, i.e. slightly slower than Moore’s law.

2.3
Base station DTX
During short, microsecond level inactivity periods, BTS can shutdown PA to reduce the power consumption, also known as micro-DTX. During longer inactivity periods, more deep sleep modes can be considered to achieve further energy savings, as illustrated in Figure 2
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Figure 2: An example of different levels of BTS dormancy [7]
Micro-DTX energy saving in LTE BTSs are rather limited due to the LTE reference signal design. Furthermore, since LTE needs to transmit CRSs 4 times per 1ms TTI, usage of the deeper (1ms – 1s) sleep modes is not possible for LTE PCells. Only a full on/off switching (e.g. for small cells) allows usage of the deeper sleep modes in LTE, but this is rather slow mechanism that is suitable mainly for following some longer-term traffic variations. Furthermore, efficient waking-up of the fully switched off PCells is not trivial.
2.4
Energy efficiency evaluation and design implications
According to the discussion in section 2, as well as the points made in [5], it would be straight forward to compare different design options for their physical layer energy efficiency implications analytically. The key design choice impacting the energy efficiency is the amount of base station transmitter activity and duration of inactivity periods when there is no user plane data to send, and hence this should be the key criteria to compare different designs’ energy efficiency characteristics.
In more practical terms, the 5G New Radio should minimize the extent of mandatory common channel transmissions, enabling efficient base station DTX for time periods of no scheduled data. This means among other things a minimum extent of common reference symbol transmission (potentially no CRS), and rethinking the synchronization signal and PBCH type transmissions.

As the cell discovery and possibly also synchronization maintenance performance is dictated by the amount and periodicity of synchronization signal transmissions, the design may need to provide tools for the operator to trade-off mobility performance and energy efficiency by allowing different synchronization signal periodicities in different cells.

3
Conclusion
In this contribution we highlighted the importance of energy efficient physical layer design for the 5G New Radio. In addition we showed that the greatest potential for improvement over LTE is minimizing the base station transmissions during times of no user data transmission. We also mentioned that there may be a need for a configurable trade-off between base station energy efficiency and cell detection performance by enabling configurable periodicity for synchronization signal transmissions.

Further, we observed that the energy efficiency comparison between different physical layer concepts can be compared by assessing the amount of control signal transmissions and the durations of the off-periods while there is no user data to be scheduled in the base station.
Thus the following proposals are made:
Proposal 1: The 5G new radio design should minimize control transmissions while there is no user plane data to be transmitted by the base station, i.e. allow for a dynamic base station DTX.
Proposal 2: The 5G new radio design may need to consider multiple/configurable periodicity of the signals needed for synchronization and cell acquisition to allow for a trade-off between energy efficiency and cell detection (mobility) performance.
Proposal 3: The different physical layer design proposals should be compared from energy efficiency stand-point by looking at the proposals’ ability to minimize the control transmissions during no active user plane data transmission.
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