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1
Introduction
In [1] and [2], a proposal was made to relax the Inner Loop Power Control (ILPC) step size accuracy [3] in order to accommodate a multiple gain state Power Amplifier (PA) in the UE. Simulation assumptions with a new realistic ILPC requirement, including the hysteresis, to measure the impact on system performance were provided in [4].

In this contribution, we highlight the benefits of using a multiple gain state PA when we introduce the relaxation in ILPC requirement.

2
Benefits
Using a series of gain states in a UE PA allows the amplifier to maintain high efficiency and low current draw at lower output power. This is important to UE current draw because the operating output power is generally expected to be low, below zero dBm. An example of a PA with gain states is shown in Figure 1. The implementation of gain states may vary greatly from the diagram in Figure 1. 
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Figure 1: Conceptual diagram of gain stated power amplifier
If the PA in the example had no gain state, it’s current at zero dBm could represent more than 50% of the operating current of a handset. In other words, the gain states enable the PA to achieve really low currents at power levels of zero dBm, where the talk time is measured. A reduction in current consumption of up to 50% is achievable, enabling the UE to have higher talk time. An example of UE PA current draw is shown in Figure 2.
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Figure 2: Example of power amplifier current with and without gain states

When implementing a PA with gain states, suppliers must maintain close thermal and temporal accuracy of the exact amount of gain change that occurs at these boundaries between state up and state down cases. PA cost is known to be lower in similar 3G technology PA modules where ILPC is not required to be met.

The cost in PA modules as related to ILPC is related to the following factors:

- Extra design cycles since ILPC failures are generally found experimentally

- Design enhancements to improve thermal issues in the PA between PA gain states

- Extra production testing done by PA vendors to ensure ILPC performance

- Yield impact due to this performance testing.

Another method of maintaining low current draw at low output power is to utilize an efficient power supply that adjusts with output power. This is shown in Figure 3. Power supply voltage adjustments can be made in small increments such that there are no large changes in gain. The power supply consists of a DC-DC converter IC, and a large inductor.


[image: image3]
Figure 3: Power amplifier with efficient power supply

This scheme adds cost, size, and complexity that the economics of handsets does not support except at high cost product tiers. Therefore, it is crucial to introduce the ILPC relaxation to allow a multiple gain state PA, which can reduce the cost of the PA in UMTS handsets by 40%. It also allows for more PA vendors to enter the UMTS market with different PA designs. 
3
Conclusions
It has been shown that the ILPC relaxation is very important to accommodate a multiple gain state PA, which can increase the talk time of the handset and reduce the cost of PA, resulting in lower cost of handsets.
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