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The issue of power measurement has raised a lot of discussion recently and the number of different places in the transmit chain where power is defined and the number of measurement options at each point can lead to confusion. The lack of consistency and clarity in parts of the current W-CDMA specifications does aid understanding.

The following analysis discusses the key points in a CDMA system where power is defined, and the different results that are available.  The points in the system that are analysed are:

P0
Signal power prior to transmit filtering

P1
Signal power after transmit filtering (the air interface)

P2
Signal power after receive RRC filtering

P3
Signal power after receive RRC filtering at the chip decision points
The key equations of the analysis are:
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Equation (27) is not an intuitive result, however it can be explained by considering that the 3.84 MHz transmit RRC filter introduces inter-symbol interference and spreads the signal energy across a bandwidth of 4.6848 MHz ((1 + α) * 3.84 MHz where α=0.22). The receive RRC filter then removes the ISI such that the voltage at the chip decision points is returned to the same as the original signal prior to the transmit RRC filter being applied. However, equation (25) shows that the average power of the received signal has reduced in power - which is the intuitive result.

The effect of cascading the two RRC filters has no impact on the decision points but reduces the trajectory of the signal between decision points and hence the average power is less.

There is a fourth point in the system (P4 - not analysed here) which is the Code Domain Power. The total code domain power - which is the chip decision point power after despreading - can be shown to be the same as the decision point power. Thus

P0  =  P1  =  (P2 + 0.246 dB)  =  P3  =  P4 

The mathematical analysis follows.

Power at Points in a CDMA Link
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P0 is the signal power prior to transmit filtering

P1 is the signal power after transmit filtering (the air interface)

P2 is the signal power after receive RRC filtering

P3 is the signal power after receive RRC filtering at the chip decision points 
Introduction

We consider passing the sequence of, uncorrelated, complex numbers (chips), 
[image: image5.wmf]k

a

, through a pair of root-raised-cosine (RRC) filters as shown.  
[image: image6.wmf]()

xt

 represents a transmitted signal and 
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 represents the received signal.  We are interested in the power levels of the source, the transmitted signal and the received signal.  We start by considering the overall Nyquist filter resulting from cascading the two RRC filters.

Filters

The impulse response of the cascaded filters is



[image: image8.wmf]()()()

*

=

NyquistRRCRRC

hththt


 MACROBUTTON MTPlaceRef \* MERGEFORMAT (4)

where 
[image: image9.wmf]()
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 satisfies Nyquist’s criterion for zero inter-symbol interference (ISI) given as
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where 
[image: image11.wmf]c

T

 is the chip interval. 

The frequency response of the overall filter is
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For a raised cosine Nyquist filter, the frequency response is given as



[image: image13.wmf]2

(1)

,

2

1(1)(1)

()()cos,

2222

(1)

0,

2

-

ì

£

ï

ï

ï

ìü

éù

æö

--+

ïïï

==-££

ííý

êú

ç÷

èø

ïï

ëû

ï

îþ

ï

+

ï

>

ï

î

c

c

c

NyquistRCc

ccc

c

Tf

T

T

HfHfTff

TTT

f

T

a

p

aaa

a

a


 MACROBUTTON MTPlaceRef \* MERGEFORMAT (7)

Observe that 
[image: image14.wmf](0)
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. This scaling is necessary so that 
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, as given in (5)

.

The frequency response of the RRC filter is simply the square-root of (7)

 given as
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and the impulse response is given as 
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Observe that 
(9)

 differs from  GOTOBUTTON ZEqnNum507185  \* MERGEFORMAT  given is 6.8.1 of 3GPP TS 25.104 by the factor of 
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. This is necessary in order to provide the proper scaling so that (5)

 is satisfied.

Average Power at various points

The average power of the chips is given as 
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where 
[image: image21.wmf]{

}

g

E

 denotes the ensemble average of the random sequence 
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. If the sequence is ergodic, then 
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 is obtained from the time average
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The transmitted signal represented by 
[image: image25.wmf]()

xt

 is given as 
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where we have assumed that 
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 a bounded integer.

The Fourier transform of 
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xt

 is 
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and the power spectral density (PSD) of 
[image: image31.wmf]()
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 is
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From (13)
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but since we have assumed uncorrelated chips
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and (15)

 becomes
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From  
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The average power of 
[image: image37.wmf]()

xt

 is obtained from (18)

 as 
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From (8)

 we obtain
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so that
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The PSD of 
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yt

 is given as 
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which is given from (18)

 as
(6)

 and 
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By using 
(23)

, the average power of  GOTOBUTTON ZEqnNum465007  \* MERGEFORMAT  is given as
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By using (24)

, we obtain
(7)

 to evaluate the integral in 
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from which
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For 
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or
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Because of the Nyquist criterion given by (5)

, 



[image: image51.wmf]()

=

ck

ykTa


 MACROBUTTON MTPlaceRef \* MERGEFORMAT (29)

Therefore
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