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1.0
Introduction
The cubic metric (CM) is a method of predicting PA power de-rating from signal characteristics.  CM is more accurate than other metrics such as peak-to-average power ratio (PAPR) at predicting power de-rating [1] [2].  Despite CM accuracy there are still errors in the prediction estimate that need to be considered; typically implementation margin is added to account for these errors.  This paper will review the background of the CM and results from previous work.  New PA measurements are colleted with an updated and more representative sample set of W-CDMA signals.  Some of the conclusions of the previous work are revised using these new results, leading to an improvement of CM accuracy.  Better CM accuracy results in less implementation margin needed which improves overall performance.
2.0
Review of the Cubic Metric
Recall the equations to compute the power de-rating via the cubic metric:
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Where  
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  is the called raw cubic metric (in dB) of a signal
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  is the raw cubic metric of the W-CDMA voice reference signal

to clarify:  
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In previous work K was empirically determined to be 1.85 for a set of W-CDMA signals.  K for W-CDMA signals is re-evaluated in this report.  


In words, this equation computes the cubic power of a signal v(t), compares it to a reference signal vref(t) and uses the empirical slope factor K to complete the estimate.  
3.0
Methodology
The experimental signal set is defined in Table i (see appendix).  These signals represent a wide range of raw CM values from valid combinations of HSDPA/HSUPA control and data channel variables (variables such as: relative channel power , spread factor, etc).  These signals are applied to three different power amplifiers designed for UE applications.  Different PA technologies are represented by two GaAs HBT devices and one GaAs EpHEMT device.  All are 50 ohm matched power amplifier modules representative of current technology.
[image: image6.emf]  Table  1   –  Description of Power Amplifiers Tested  

PA # Description

1 GaAs HBT

2 GaAs HBT

3 GaAs EpHEMT

   


Each of the 3 power amplifiers are tested with each of the 21 test signals and the voice signal for reference (signal ‘A’).  The input power is swept and the output power level at which the (± 5 MHz) ACLR
 reaches -33 dB is recorded for each PA and signal combination.  The power capability is compared with the voice reference signal to determine the power de-rating, necessary for each signal and PA combination.  In this way, the absolute power capabilities of the three PA's tested is immaterial; only the signal characteristics affect the results.
4.0
Results and Analysis

Table 3 shows the output power de-rating for each signal and each device.  Upon close inspection of the de-rating results, plotted vs. raw CM in Figures 1, it is apparent that there are two distinct groups of data points.  Separately the groups yield two different linear regression slopes, both passing through the reference case (CM = 0 dB; de-rating = 0 dB).  The standard deviation of the error between data points and the regression line, or standard error, is improved for each independent group compared to the standard error of both groups combined.  For further analysis: signals above the dashed line in Table 3 are assigned as group 1 signals and below the dashed line are assigned as group 2 signals.
	Table 2 – Measured Relative Power Capability by Signal and PA

	
[image: image7]
Columns ‘1’, ‘2’, and ‘3’ relate to PA numbers defined in Table 1


Distinction between group 1 and group 2 signals can be done by visual inspection of empirical results in most cases, There is however, a signal attribute that determines which group a signal belongs to:  The code power of a group 1 signal only occupies the upper half of the available code space (i.e. channels 0 – 127 for spread factor 256 or channels 0 – 3 for spread factor 8).  If the lower half of the code space is used then the signal belongs to group 2.  The chip spreading sequence is the only difference between a channel in the lower OVSF code tree [CSF, N where N< SF/2] and one in the OVSF upper code tree [CSF, N where N ≥ SF/2] thus beginning to explain a possible reason for differences in device behaviour.  
The chip spreading sequence is a deterministic variable of the complex spreading mechanism in hybrid phase shift keying (HPSK) modulation [5].  One criterion of HPSK is for consecutive pairs of the chip sequence to be identical.  This criterion is not met when the OVSF
 code generator uses a code index of at least half of the spread factor (i ≥ SF/2) in this way the HPSK technique becomes ineffective in its primary purpose; reducing PAPR/CM.  
Figure 1 show data for group 1 and group 2 for comparison in a single plot of power de-rating vs. raw cubic metric.  Linear-best-fit regression line is shown for the both groups separately 


	Figure 1 – All Signals
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The prediction error for the linear-best-fit regression lines shown in Figures 1 are summarized in Table 3 below.  Notice that in general the error is smaller if the two groups use independent K and larger if the same K is used for all signals.
	Table 3 – Prediction errors
	Table 3 – Prediction errors

	[image: image9.emf]min max range std. err. 3 s

1 28 1.88 -0.28 0.33 0.61 0.163 0.49

2 36 1.56 -0.26 0.27 0.53 0.139 0.42

1 & 2 64 1.88 | 1.56* -0.33 0.28 0.61 0.149 0.45

1 & 2 64 1.85** -0.37 0.81 1.19 0.245 0.74

* Appropriate slope is used for each signal;   ** 3GPP defined CM slope factor

Group N

K

Estimation Errors


	[image: image10.emf]min max range std. err. 3 s

1 28 1.88 -0.28 0.33 0.61 0.163 0.49

2 36 1.56 -0.26 0.27 0.53 0.139 0.42

1 & 2 64 1.67 -0.28 0.33 0.61 0.223 0.67

1 & 2 64 1.88 | 1.56* -0.33 0.28 0.61 0.149 0.45

1 & 2 64 1.85** -0.37 0.81 1.19 0.245 0.74

* Appropriate slope is used for each signal;   ** 3GPP defined CM slope factor

Group N

K

Estimation Errors




5.0
Conclusion
· Results show that power de-rating prediction via CM for W-CDMA signals can be improved by dividing the signals into two groups based on the chip spreading sequence used.  The two groups have slightly different CM slope factors, k
· The amount by which the power capability of a UE power amplifier must be de-rated for W-CDMA signals having group 1 attributes is shown in equation (1):
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	(1)


This result is similar to earlier CM results with W-CDMA signals where k = 1.85.  The delta error {1.88 vs 1.85} is minor and may not warrant a change 

The amount by which the power capability of a UE power amplifier must be de-rated for W-CMDA signals having group 2 attributes is shown in equation (2).
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· Additional works on LTE signal analysis indicate the value of k from equation (2) is identical to the value k determined for LTE signals [6].  A hypothesis is stated that: group 1 may be a special case (with controlled/reduced randomness in the modulation of random data) and group 2 may be the general case (with uncontrolled/unmodified randomness in the modulation of random data).  The term randomness refers to the effectiveness of HPSK for W-CDMA signals; when HPSK is effective the probability of 0° or 180° phase transitions is ¼ compared to ½ when HPSK is not effective.  The randomness properties of LTE signals remain to be investigated.  Additional study is needed to confirm this hypothesis.
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6.0
Appendix

	Table i – Signal Definitions

	[image: image13.emf]Signal

Br

b

 c 

SF C Br

b

 d 

SF C Br

b

 eu 

SF C Br

b

 hs

SF C Br

b

 T 

SF C

A Q 8 256 0 I 15 64 16 I 0 2 0 Q 0 256 64 I 0 2 0 1.52 1.88 0.00

B Q 15 256 0 I 0 2 0 I 67 4 1 Q 15 256 33 I 24 256 1 3.60 1.88 1.11

C Q 15 256 0 I 0 2 0 I+Q 7 4 1 Q 15 256 33 I 5 256 1 6.46 1.88 2.63

D Q 15 256 0 I 0 2 0 I+Q 15 4 1 Q 15 256 33 I 8 256 1 5.72 1.88 2.23

E Q 15 256 0 I 0 2 0 I 21 64 16 Q 15 256 33 I 15 256 1 4.10 1.88 1.37

F Q 4 256 0 I,Q 15 4 1,1 I 0 2 0 I 8 256 1 I 0 2 0 3.12 1.88 0.85

G Q 15 256 0 I 8 4 1 I 0 2 0 Q 15 256 64 I 0 2 0 4.75 1.88 1.72

H Q 8 256 0 I 15 4 1 I 0 2 0 Q 16 256 64 I 0 2 0 2.71 1.88 0.63

I Q 15 256 0 I 0 2 0 I 34 32 8 Q 5 256 33 I 30 256 1 4.87 1.88 1.78

J Q 15 256 0 I 0 2 0 I 47 32 8 Q 8 256 33 I 8 256 1 2.11 1.88 0.31

K Q 15 256 0 I 15 64 16 I 60 4 2 Q 15 256 64 I 15 256 1 3.99 1.56 1.58

L Q 15 256 0 I 15 64 16 I+Q 168 2 1 Q 5 256 64 I 9 256 1 1.70 1.56 0.11

M Q 15 256 0 I 0 2 0 I+Q 21.2 2 1 I 0 2 0 I 15 256 1 4.46 1.56 1.88

N Q 15 256 0 I 0 2 0 I 95 2 1 Q 15 256 33 I 30 256 1 3.55 1.56 1.30

O Q 15 256 0 I 0 2 0 I+Q 42.4 2 1 I 0 2 0 I 15 256 1 3.07 1.56 0.99

P Q 15 256 0 I 0 2 0 I 150 2 1 Q 15 256 33 I 30 256 1 2.59 1.56 0.69

Q Q 15 256 0 I 15 64 16 I 30 4 2 Q 15 256 64 I 15 256 1 5.42 1.56 2.50

R Q 15 256 0 I 0 2 0 I+Q 9 2 1 Q 15 256 33 I 8 256 1 6.44 1.56 3.16

S Q 6 256 0 I 15 64 16 I 15.2 32 16 Q 2 256 64 I 12 256 1 7.02 1.56 3.53

T Q 8 256 0 I 15 64 16 I 25.1 32 16 Q 6.4 256 64 I 10.1 256 1 6.03 1.56 2.89

U Q 15 256 0 I 6 64 16 I+Q 134 2 1 Q 15 256 64 I 15 256 1 1.87 1.56 0.22

V Q 8 256 0 I 15 64 16 I 40 16 8 Q 8 256 64 I 12.8 256 1 5.01 1.56 2.24
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� Adjacent Channel Leakage Ratio � REF _Ref125428992 \h ��[3�]


� Orthogonal Variable Spread Factor � REF _Ref125433846 \h ��[4�]
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