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1. Introduction
In [1], the concept of Extended Cell DTX was proposed as a tool to enhance the energy efficiency of LTE networks. A related work-item was subsequently proposed at RAN #46 [2]. Although the proposal received substantial support, especially from the operator community, there were also concerns raised by several companies. As a result, the work-item decision was postponed until the RAN #47 (March 2010). It was also concluded that the topic of enhanced network energy efficiency and the use of cell DTX to achieve this could be discussed by RAN1 under the “LTE-Advanced” umbrella. 

2. Importance of low network energy consumption 

Low energy consumption is becoming an increasingly important characteristic of a mobile-communication network. One reason is the fact that, for many operators, the cost of the energy needed to operate the system constitutes a non-negligible part of the overall network operating expense. It should be noted that this cost is not necessarily just the direct cost of the electricity needed to operate the network. Especially in many emerging markets a substantial part of the infra-structure may actually operate with no direct access to the main electricity grid. In such cases, the electricity needed to operate the infra-structure equipment is often provided by diesel generators with, in many cases, the cost to deliver the fuel to the network sites substantially higher than the cost of the fuel itself.

In addition to the actual cost of electricity, there is also the more subtle aspect of energy consumption related to the continuously increasing concerns over global CO2 emissions and its impact on the environment.

In this context it is important to keep in mind that the ICT
 industry as a whole contributes in the order of 2% of the overall global CO2 emissions, out of which the mobile-communication industry contributes approximately 10%. Thus the most significant contribution of the ICT industry in general, and the mobile-communication industry in particular, is to enable solutions that can reduce the remaining 98% of the global CO2 emissions. However, even though increased ICT usage can enable significant emission reductions in other sectors (e.g. reduced travel) we can not expect that emissions from the ICT sector will be allowed to grow proportionally to the expected growth of ICT usage.
3. Reducing the network energy consumption

In the context of network energy consumption, the by far most dominating part is the total energy consumption of the base-station nodes sites, simply due to the fact that these corresponds to the vast majority of the network nodes.

Thus, reducing the energy consumption at the base station nodes and associated sites is of key importance for reducing the network energy consumption.

The energy consumption at the base-station sites, in turn, consists of different parts including

· Energy consumption due to base-station baseband processing.

· Energy consumption of the base-station RF parts, mainly the transmitter power amplifier (PA). The PA energy consumption partly consists of energy being transmitted from the antenna but is, to a large extent, also due to losses within the PA.

· Other parts such as energy consumption due to active cooling. This is definitely not an insignificant part of the overall energy consumption of the base-station site. It should be noted though that any reduction in the energy consumption of the base-station equipment itself (base-band processing, RF parts, etc.) may reduce the need for cooling and thus further reduce the overall energy consumption of the base-station site.

Reducing the energy consumption of the base-station baseband parts is mainly an implementation issue, where continuous improvements can be expected from the continuous improvement of digital signal processing in general.

Reducing the PA energy consumption is clearly also partly an implementation issue in terms of improving the PA power efficiency. However

· The PA energy consumption is obviously always lower limited by the fact that a certain amount of energy, according to the specification, needs to “leave” the base station via the antenna.

· In practice, there will always be losses in the base station PA. Furthermore, in practice these losses are often such that the absolute energy/power losses are relatively independent of the PA instantaneous output power. Thus a substantial part of the losses can often only be avoided if the PA output power is “turned off”, i.e. its output power is reduced to zero.

This leads us to conclude that attempts to reduce the energy consumption of the base-station sites should primarily focus on limiting the transmitter/PA”on” time.

One may argue that limiting the transmission from the base-station sites is an absurd target as, obviously, a main idea with a mobile-communication system is to transmit from base-station sites to mobile terminals. However, it is then important to understand that a main part of the base-station sites are often deployed to cover areas where, at many time instances, there is not a single terminal accessing the network (this is typically expressed as “most cells are deployed to provide coverage rather than capacity”).  

This situation where, at a given time instant, there is actually no downlink data transmission within a cell, will be further emphasized as mobile-communication networks are more and more transformed into mobile-broadband networks where the main part of the traffic is, and even more will be, packet-based data traffic. In this case, even if one or several terminals are currently active within a cell, at a given time instant (a given subframe within the LTE context) there may often be no downlink data transmission. Reducing the PA output power to zero during such a time interval may have a substantial positive impact of the overall energy consumption of the base station site. 

Thus we conclude that the focus of reducing the network energy consumption should be on minimizing the energy consumption during time intervals (as short as one subframe) when there are no downlink data transmissions within the cell. 

Even in subframes where there are no data transmission, there are certain signals and channels that are to be transmitted according to current (release 8) specifications. Primarily among these are the cell-specific reference signals (CRS) being transmitted in up to four OFDM symbols every downlink subframe. Thus, within a subframe, even if there are no data transmission, the PA must thus be transmitting (be in an “on” state with corresponding PA losses) in at least four OFDM symbols. 

Thus it is our view that the main tool to reduce the PA energy consumption during subframes in which there is no data transmission is to avoid, as much as possible, the transmission of CRS within such subframes.
4. Summary and conclusions

· The focus for enhanced network energy efficiency should be on reducing the energy consumption at the base-station sites.

· The focus for reduced base-station energy consumption should be on the PA power consumption and, especially, on limiting the PA “on” time 

· The focus on limiting the PA “on” time should be on dynamic mechanisms that allow for fast activation of energy efficiency mode (in the order of a subframe) and possibilities for variable periods of energy efficient operation to allow for adaptation to bursty traffic typically seen in low-load packet-data traffic scenarios. 

· A key issue when limiting the PA “on” time during “inactive” subframes is to avoid, as much as possible, the transmission of CRS during such subframes.  

5. References

[1] R1-095011, “Extended cell DTX for enhanced energy-efficient network operation”

[2] RP-091431, “Proposed WI on Enhanced cell DTX for LTE”
� ICT = “Information and Communication Technologies”





