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1. Waveform
Increasing peak to average ratio signals are pushing the efficiency of constant bias power amplifiers lower. This in turn, is spurring interest in innovative approaches to regain some of that efficiency.
The uplink signals that the UE is required to transmit have high peak to average power ratios (PAPR.) Fixed bias power amplifiers that must amplify these high PAPR signals are operated at high output power back off to avoid greatly distorting the signal when its envelope is near its peak. However, the greater the amount of back off, the lower the efficiency of the power amplifier will be.
The operating efficiency of the PA is dependent on the 'crest factor', or peak/average power ratio (PAPR) of the signal being amplified. For a W-CDMA waveform, the PA is usually operating far below peak power, as the signal crest factor is typically 6.5 dB. LTE systems can have even higher crest factors (8.5 dB) but this results in traditional PA designs operating at even lower efficiency.
The widely used Class AB amplifier technology offers efficient operation when the RF envelope waveform is close to peak power, and with careful design this can be achieved over a relatively broad bandwidth. As the power is reduced the efficiency naturally drops.For much of the time the signal power lies well below the peak power and hence the device is operating at low efficiency.
2. PA Efficiency and Heat
Envelope tracking is a way of improving efficiency for these challenging signals, by allowing the amplifier’s drain bias to track the magnitude of the input signal envelope. When the input signal envelope is low, the drain bias can be reduced so the amplifier operates closer to its optimal efficiency point.
Figure 2 shows a power amplifier efficiency curve for different drain bias conditions. Each of the colored curves shows the efficiency for the PA when operating at a particular fixed bias case. For example the leftmost blue curve is the PA operating at Vcc = 0.5 VDC. For this bias condition the peak efficiency is about 23% and this occurs at 10 dBm PA output power. 
For high efficiency PA design the PA bias condition changes and that can be thought of as the PA operating on different efficiency curves over time. In envelope tracking the bias is moved according to the output power level, and the PA efficiency can be viewed as moving along the bold blue line shown in the figure.

In order to make a relative comparison of fixed bias to envelope tracking efficiency we can look at the bold black line which is the fixed 3.3V Vcc efficiency to the bold blue which is the envelope tracking efficiency. There is a significant improvement with the ET technology as the instantaneous power into the PA is reduced to only the amount needed at that time, , minimizing the wasted power.
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Figure 2 PA Power Added Efficiency (CW Signals)
Figures 2 and 3 give some insight into the operation as seen in the time domain. With a fixed power supply the RF signal is often far lower than the supply voltage. This results in wasted power that is dissipated in the PA and is converted to heat. If however the PA supply tracks the RF signal the supply drops during low power transmission periods and can also increase above the battery voltage if a boost circuit is part of the ET approach. 
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Figure 2 Wasted Power In Fixed Vcc Mode

[image: image3.emf]
Figure 3 Better Efficiency In Tracking Mode

At higher power levels the PA is the dominant source of heat and the highest energy consumer in the UE. The heat generated in the UE is a difficult design constraint for UE manufacturers and becomes increasingly challenging as the radio part of the phone is squeezed in volume and surface area. Keep internal temperatures as low as possible leads to longer device operating life.
Service providers, UE manufacturers and consumers all have some concerns about UE surface temperatures. Some manufacturers have touch temperature requirements, and in the maximum power condition these are exceeded due to the PA waste heat.

High power operation during charging can also be a difficult condition for the UE. The internal battery charging circuits can dissipate heat and that added on top of the PA waste heat can result in quite high internal temperatures.

We would like to point out that the source of the waste PA heat is the battery. From the table you can see that the power drawn on the battery is significantly reduced with the ET PA technology.
	
	PA Power Drawn From Battery (mW)
	Heat In PA (mW)

	Linear PA Fixed Bias
	2170
	1530

	ET PA
	1510
	600


Table 1 – PA Heat Comparison Linear  vs ET PA for WCDMA at +28dBm PA Output Power
3.    Proposals
· Proposal 1– Include HEPA for use in future RAN4 specification development, specifically for simulation and measurement for single carrier maximum power requirements. 
· Proposal 2– We see no need to revisit existing single component carrier requirements.
· Proposal 3– For open requirements (TBD or []), such as single component carrier multi-cluster MPR, HEPA should be used to develop the requirements.
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