
           

Introduction

Concern over the environment and saving 

energy has touched every corner of society. 

Gas-guzzling cars are generally frowned upon. 

Electronics devices are designed to consume 

less power because generating electricity 

depletes finite energy sources and can 

pollute the atmosphere with greenhouse gases. 

Practically everyone, it seems, is conscious of 

their carbon footprint. The telecommunications 

network infrastructure is no exception to this 

phenomenon.

 Technology suppliers have responded to the 

green movement by developing new enablers 

that are lowering power consumption. Even 

components intended for systems that were 

not considered low-power applications a short 

time ago are now designed with low power 

consumption as a prerequisite. Circuit boards 

and systems are now routinely designed to 

achieve green goals for reduced power usage.

 Indeed, the drivers of the green movement 

have had far-reaching effects on society. 

They have affected the development of new 

technologies and techniques that are enabling 

a generation of green wireless base stations.

Green wireless 
base stations: 
drivers and enablers
What’s driving the green movement?
Certainly there are many altruistic reasons why the green movement is so much on the 

minds of people these days. Many of today’s energy sources are finite. And the energy 

consumed often pollutes the environment. As a result, there is widespread acceptance for 

consuming less energy and in a cleaner manner.

 But, there is also a very practical side to the green movement and, although more 

mundane than altruistic, the practical drivers for the green movement are powerful in their 

own rights. For example, certain economic factors come into play and these economic 

factors are a major force behind the trend toward a greener network infrastructure. Indeed, 

the green movement is much more compelling when it also holds the promise of reducing 

costs and improving operating margins for network service providers. A green approach 

also makes for a good marketing story and sometimes provides a competitive differentiator 

in the marketplace.

 The green movement, which is at its core a quest for greater energy efficiency, is being 

driven by a variety of forces, including the following: 

 

• Government regulation. Governments around the world have enacted laws and

 regulations aimed at curbing energy usage and reducing the production of greenhouse 

 gases. A host of governmental and quasi-governmental bodies have put in place green 

 restrictions and requirements, including the U.S. federal government, many of the  

 individual states within the United States (such as California and its Energy 

 Commission), the European Commission, and many other governments and 

 regulatory agencies.
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• Certification. The International Organization for Standardization is actively promulgating its ISO 14000 

 requirements for environmental management systems. ISO 14000 describes ways that companies 

 and organizations can minimize their impact on the environment. It also prescribes how companies 

 must continuously strive for improvement.

 Many governments and businesses – in an effort to promote the systematic application of 

 sustainable and environmentally friendly business practices – are requiring that their business 

 partners conform to ISO 14000 certification procedures. 

• Energy savings. Ever-increasing energy costs have altered the way many businesses, including 

 telecom network operators, perceive the cost of ownership for equipment, such as network 

 infrastructure systems. For example, in recent years costs for network operators have shifted 

 dramatically between capital equipment expenditures (CAPEX) and operating expenditures (OPEX). 

 Some analysts have estimated that the annual cost of operating a wireless base station may now 

 almost be as much as its acquisition costs, and in many cases the mobile network represents 

 between 70 and 80 percent of an operator’s energy consumption in a given year. Making networks 

 “greener” would certainly have a profound effect on operators’ OPEX. 

• Emerging markets. Network build-outs in developing regions of the world encounter challenges 

 not typically seen in more economically advanced regions such as western Europe and North America. 

 For example, in underdeveloped regions, electricity from the power grid cannot be taken for granted. 

 As a result, diesel-powered generators with significant backup batteries often power many base 

 stations. In situations such as these, the cost and effort involved with replenishing a base station’s 

 fuel supply is a significant consideration. 

• Advanced base station systems. Many of the more advanced design concepts in today’s base 

 stations involve miniaturization, but this in turn raises issues related to power density. Lower power 

 consumption is one way to address power density issues. For example, base station systems that 

 deploy concepts like multiple inputs/multiple outputs (MIMO) and smart antennas typically deploy a 

 multitude of radio frequency (RF) transceivers to enhance system throughput and signal quality. This 

 requires much lower power consumption to go along with the smaller footprint for each signal path.
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In base station systems, green energy efficiency is being attacked at several levels, beginning at the 

foundational level of individual components and moving upward to advanced system concepts. 

Component power reduction 

The cumulative effects of various component power reduction techniques can add up to be quite 

significant, especially in high-density applications like those involving smart antenna RF transceiers or 

processor farms in media gateways. Here are some specific examples of recent green breakthroughs 

at the component level:

	 •		With	the	advent	of	advanced	MIMO	antenna	configurations	for	WiMAX	or	TD-SCDMA	base	

  stations, power consumption per transceiver has become a major concern for network operators. 

  LTE is also on the horizon, which will support beamforming antennas. A few years ago, it was 

	 	 quite	common	for	analog-to-digital	converters	(ADCs)	in	base	station	receivers	to	consume	more	

	 	 than	one	Watt	(W)	per	channel.	Clearly,	this	would	be	unacceptable	for	systems	with	the	new	

	 	 antenna	configurations.		As	a	result,	the	power	consumption	of	the	typical	ADC	now	found	in	base	

  stations has been reduced significantly (Figure 1). These results demonstrate the effects that 

	 	 power	scaling	in	ADCs	can	have	on	overall	power	consumption.	Power	scaling	reduces	power	

	 	 consumption	as	the	sampling	speed	of	the	ADC	decreases.	

•	 Today’s	high-performance	digital	signal	processors	(DSPs)	have	been	enabled	with	complex	

 built-in power-saving mechanisms. Before component fabrication geometries fell below the 

 90 nanometer (nm) mark, the rule of thumb had been that shrinking transistor geometries would 

 lead to a proportional reduction in power consumption. Unfortunately, this is not the case below 

 the 90-nm node. At smaller process nodes, leakage currents even when the transistor is in the off 

 state are greater than the power savings derived from the smaller geometries. To remedy this 

 situation, chip architectures have been introduced that divide a chip into multiple subdomains. 

 Each subdomain can be powered off individually, leaving active only those domains that are 

 required for the task at hand. This eliminates any standby or leakage currents and significantly 

 reduces power consumption at the chip level.

Enabling  green
power efficiency

Figure 1:  SmartReflex™ core voltage scaling reduces DSP power consumption.
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 In addition to green power savings from chip-level techniques, intelligent power management 

can generate even greater green benefits. Let’s discuss several intelligent power management 

innovations.

Dynamic power-down

Dynamically	powering	down	circuitry	on	a	circuit	board	is	ideal	when	that	circuitry	is	not	needed	to	

execute the functions currently operating. This extends the power savings derived from chip-level 

power management. Powering down a partition of a circuit board can be applied in many areas, 

including: 

•	 High-density	DSP	boards	for	media	gateways,	for	example,	are	usually	designed	to	handle	peak	

 load conditions. Consequently, each circuit board could have anywhere from five to 20 

 processors. Because peak load conditions are only present for short periods of time, significant 

 energy savings are possible by dynamically powering down those processors not needed for 

 low-traffic periods, such as the middle of the night, predictable holidays or vacation times, or 

 simply those times of the day when network traffic subsides for some reason. Some traffic

  patterns are predictable, but most of the time a lull in traffic will be unexpected. For those periods 

 in particular, a dynamic power-up/power-down process is required. For this sort of dynamic 

 process, a flexible and highly responsive means of power supply control can be provided by 

 implementing a digitally controlled power supply scheme, which could also incorporate enhanced 

 diagnostics capabilities.

•	 Similarly,	the	radio	front-end	for	base	stations,	particularly	for	those	operating	in	time-division	

	 duplex	mode	(TDD),	may	be	partially	shut	down	when	not	needed.	For	instance,	with	WiMAX	

	 systems	often	operating	in	TDD,	as	well	as	with	future	TD-LTE	systems,	the	transmitter	can	be	

 shut down while the system is receiving data.

•	 Adaptive	voltage	scaling	(AVS)	is	another	means	of	dynamically	powering	down	system	partitions	

	 to	save	energy.	AVS	has	been	implemented	in	TI’s	SmartReflex™	technology	for	power	reduction.	

	 Essentially,	it	instantaneously	adjusts	a	DSP	core’s	supply	voltage	in	response	to	load	conditions,	

 temperature and any performance variation of the device itself that may be related to its 

 manufacturing process. Typically, several watts of power consumption can be saved by adjusting 

 the processor’s core voltage without sacrificing the system’s overall performance.

Advanced power
management schemes
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Power amplifier modulation

The power amplifier (PA) is by far the most power-hungry component in a wireless base station. Not 

unexpectedly, the PA has been the target of much research to enhance its power efficiency.

	 Features	like	feed-forward	PAs,	Doherty	PAs	and	digital	predistortion	have	been	introduced	in	recent	

years. Now, envelope tracking (ET) has emerged as another promising technique, which will soon 

move out of the research lab and into commercial implementation (Figure 2). 

 ET is based on the fact that standard PA biasing schemes are always providing a constant bias 

voltage to the PA regardless of the actual output power emitted. The power driven by the PA is 

determined by traffic load conditions, so the power output of a PA is usually set at the maximum use 

case or full load conditions.

 Because peak traffic loads are present only for a fraction of the time, this leads to significant power 

losses in the PA stage. The PA consumes enough power to drive peak loads all the time, but it is only 

driving heavy traffic for a fraction of the time. To rectify this situation, ET scales a PA’s output power to 

the traffic load at any instance in time, significantly reducing overall power consumption of the PA. 

Figure 2:  Envelope tracking PA power supply modulation reduces power losses.
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Efficient system-level architectures can also bring significant power savings to wireless base stations. 

For example, the transition from an older heterodyne transmit/receive architecture to a more 

contemporary zero-IF architecture allows for the wireless signal to be directly converted to and from 

RF.		Direct	conversion	eliminates	many	IF	stage	components	such	as	mixers,	synthesizers,	amplifiers	

and filters (Figure 3). This not only reduces the cost of the system but reduces power consumption, 

since multiple components that consume power to some extent are eliminated.  

 Several other system concepts can also enhance the green characteristics of a base station. These 

include more effective system partitioning, PA efficiency enhancements and others.

 Historically, base station systems have been built so that all of the system’s active components – 

including	the	PA	–	would	be	installed	in	a	cabinet	on	the	ground	at	the	foot	of	the	base	station.	With	

this sort of architecture, the amplified signal is fed through a coaxial cable from the base station 

cabinet to the antenna, which is usually installed in an elevated location such as the top of a tower, 

mast or rooftop. Signal losses over the 20 or 30 meters of cable connecting the base station cabinet 

and the antenna can be as great as 3 or 4 dB. The PA’s output power must compensate for these 

losses; this adds to the cost of the system and its power consumption.

 To overcome this situation, the RF transceiver can be moved closer to the antenna and both the 

base station system and the remote radio head (RRH) can be linked with fiber-optic cable rather than 

copper cable. This limits power losses over the cabinet-to-antenna link and allows for more flexibility 

in positioning the base station cabinet and the antenna. Moreover, the savings from reducing power 

consumption will far outweigh the cost of digitizing this link. 

System-level
green concepts

Figure 3:  Adoption of direct conversion architectures saves on component count and power.
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	 PA	efficiency	enhancements	like	crest	factor	reduction	(CFR)	and	digital	predistortion	(DPD)	are	other	

techniques that reduce the power consumption of wireless base stations by maintaining signal power 

while decreasing power losses stemming from the PA (Figure 4). Power dissipation in PAs increases 

because their gain function becomes increasingly nonlinear as their output power increases. Therefore, 

to avoid signal distortions, PAs must be operated at a level that is not close to their peak output power.

	 The	introduction	of	wideband	wireless	air	interface	standards	like	WCDMA	and	WiMAX	have	

aggravated this situation considerably, since they can have signal peak-to-average ratios as high 

as	13	dB.	With	these	wideband	air	interfaces,	it	becomes	much	more	likely	that	signal	peaks	will	occur	

that	are	far	higher	than	the	average	power	output	most	of	the	time.	Both	CFR	and	DPD	address	this	

difficulty from different angles. CFR intelligently clips signal peaks without distorting the informational 

content	of	the	signal,	while	DPD	extends	the	linear	performance	of	the	nonlinear	gain	function	of	the	

PA by digitally predistorting the signal. Both of these enhancements help reduce power losses and the 

cost of components in the final PA stage. 

The green movement toward greater energy efficiency is as critical in the network infrastructure as it 

is	in	other	aspects	of	today’s	global	economy.	When	it	comes	to	developing	wireless	base	stations	that	

consume less power, the problem is being addressed on many fronts, starting at the level of individual 

components and moving upward to system-level considerations. 

Green is 
here to stay

Figure 4:  CFR and DPD enhance PA efficiency.
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