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1 Introduction

Due to multi-code modulation such as some combinations of DPCH and HS-SICH/DPCH in UL for UTRA-TDD, the peak-to-average ratio (PAR) is increased. This increase of PAR will impact the linearity requirements of the PA in order to meet the required ACLR limits.[1] The Cubic Metric (CM) method is a better indication to determine the impact on the PA than the Peak-to-Average-Ratio (PAR) for UTRA-FDD. [2] And CM is introduced into 16-QAM for UTRA-TDD too. This report is presented for 1.28Mcps TDD multi-code signals. These results can be used to derive what the mapping between cubic metric of a signal and the predicted additional headroom of a PA would be.
2 Tested Channel Configurations 
A set of 23 different channel configurations have been used to study the impact of increased PAR and CM on the ACLR at the output of 4 PA devices. Each channel configuration is listed in Table 1, and modulation of two codes is QPSK. Case A represents the reference case (voice configuration).

For all cases listed in Table 1, the 99.9%-PAR and the cubic metric value were determined. In short, the cubic metric is the power of a cubed test signal (multi-code UL signal with normalized rms level) relative to the power of a cubed reference signal (R99 voice signal with normalized rms level) in dB. The results for 99.9%-PAR and cubic metric are summarized in Table 2.
The input power was swept and the output power level at which the adjacent channel ACLR reached -33dB was recorded for each PA and signals, see Table 2.
Table1: Tested channel configurations

	Case
	SF1
	SF2
	Power ratio
(Code1:Code2)
	Case
	SF1
	SF2
	Power ratio
(Code1:Code2)

	
	
	
	
	
	
	
	

	A
	8
	-
	
	M
	16
	8
	1:2

	B
	16
	16
	1:1
	N
	16
	4
	1:2

	C
	16
	8
	1:1
	O
	16
	2
	1:2

	D
	16
	4
	1:1
	P
	16
	16
	1:3

	E
	16
	2
	1:1
	Q
	16
	8
	1:3

	F
	8
	8
	1:1
	R
	16
	4
	1:3

	G
	8
	4
	1:1
	S
	16
	2
	1:3

	H
	8
	2
	1:1
	T
	16
	16
	1:4

	I
	4
	4
	1:1
	U
	16
	8
	1:4

	J
	4
	2
	1:1
	V
	16
	4
	1:4

	K
	2
	2
	1:1
	W
	16
	2
	1:4

	L
	16
	16
	1:2
	
	
	
	


Table 2 Results for 99.9%-PAR and cubic metric
	Case
	PAR (dB)
	Raw CM(dB)
	Case
	PAR(dB)
	Raw CM(dB)

	
	
	
	
	
	

	A
	2.62
	1.22
	M
	1.54
	5.20

	B
	5.27
	4.84
	N
	1.63
	5.21

	C
	5.30
	4.93
	O
	2.42
	5.20

	D
	5.01
	4.71
	P
	1.09
	5.07

	E
	5.28
	5.19
	Q
	1.37
	5.07

	F
	5.39
	4.92
	R
	1.41
	5.54

	G
	5.28
	4.77
	S
	2.21
	5.22

	H
	5.34
	5.20
	T
	0.98
	4.83

	I
	5.34
	4.78
	U
	1.29
	4.97

	J
	5.43
	5.23
	V
	1.27
	5.34

	K
	5.64
	5.28
	W
	2.15
	5.16

	L
	5.18
	4.74
	
	
	


3 Analysis of Cubic Metric
The relationship between power de-rating and the cubic metric for the tested channel configurations is shown below in figure 1. Power de-rating and 99.9%-PAR is plotted in figure 2. A linear best fit is depicted.
If the necessary power de-rating was predicted from the linear best fit, errors would occur. The errors are displayed as histograms in figure 3 and 4.
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Figure 1: Measured Power De-rating versus cubic metric
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Figure 2: Measured Power De-rating versus PAR
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Figure 3: Error analysis of cubic metric
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Figure 4: Error analysis of PAR

4 Conclusion

· The cubic metric is a more effective predictor relative to 99.9%-PAR for 1.28Mcps TDD multi code signals.
· The amount by which the power capability of a UE power amplifier must be degraded for 1.28Mcps TDD multi-code UL signals can be determined by equation as following
CM = CEIL{[20 * log10 ((v_norm 3) rms) - 20 * log10 ((v_norm_ref 3) rms)] / k,0.5}

Where
-
CEIL{X,0.5}means rounding upwards to closest 0.5dB, i.e. CM
[image: image5.wmf]Î

[0, 0.5, 1, 1,5] 
-
v_norm is the normalized voltage waveform of the input signal

-
v_norm_ref is the normalized voltage waveform of the reference signal (12.2 kbps AMR Speech) 
-
k is 1.68 
-
20 * log10 ((v_norm_ref 3) rms) = 1.22 dB
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