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A Method for Blind Determination of Pilot to Data Power Ratio for QAM Signals

1.0 Introduction

In order to demodulate a QAM signal transmitted over a fading channel, the received modulation symbols must be properly scaled to a decision grid.  Pilot assisted methods require a-priori knowledge of the pilot-to-data power ratio.  One method is to transmit the information over the HS-SHCCH.  However, this method requires additional power and bandwidth.  In this contribution a blind method is proposed to estimate the pilot-to-data power ratio required for proper demodulation of QAM signals.  With this scheme, the 6 bits required for transmitting the pilot-to-data power ratio over the HS-SHCCH is no longer necessary.

2.0  Proposed Method

The proposed blind method, shown in Figure 1 simultaneously calculates the pilot-to-data power ratio and scales the received modulation symbols. No a-priori knowledge of the pilot to data power ratio is required.  

The channel corrected symbols are divided by the fading coefficient and processed by the symbol AGC.  These operations remove the fading effects, generate the pilot-to-data ratio and map the symbol onto the decision grid.  

The AGC alone cannot remove the fading effects because the AGC must track slow enough to obtain the average constellation energy from the QAM symbols.  This requirement conflicts with the requirement of tracking fast enough to remove the fading.  Therefore, the fading coefficient (derived from the pilot channel) is divided out of each symbol before being passed to the symbol AGC.

One consequence of dividing the data symbols by the fading coefficient is an increase in noise power when  is very small.  After dividing by the fading coefficient, the noise power in each data symbol is proportional to 
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, which leads to increased noise in symbols with very low .  This residual fading effect is removed by the tracking symbol AGC.


The AGC uses a training mode, which is run at the beginning of each frame.  In training mode, some or all of the frame is run through the AGC in reverse order, adjusting the gain to match the reference power, which is known from the MCS information provided.  The training mode sets the AGC gain to the correct value for the first symbol of the frame. 

The pilot-to-data gain ratio for an entire frame is estimated as the maximum value of the low-pass filtered instantaneous gains generated in training mode.  Note the instantaneous gain, which continues to be updated in forward processing mode is applied to each QAM symbol to scale them to the decision grid.  The pilot-to-data gain ratio for a given frame may be used to perform maximum ratio combining required for Chase Combining [1]. 

After channel correction and finger combining the signal is 
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where


sk  is the kth QAM symbol


Ap is pilot amplitude


Ad is data amplitude

ik is the channel estimate for the ith finger, kth symbol

ik is the estimate noise for the ith finger, kth symbol

After initial fading mitigation the, signal is
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The AGC adjusts the instantaneous AGC gain such that
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or 
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The instantaneous gains generated over a frame (during training) are low pass filtered and the maximum value taken to remove effects due to fast variations in the ik , to yield the pilot-to-data gain for a frame.
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Figure 1. Blind pilot-to-data power determination
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