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1 Introduction

Due to multi-code transmission in HSDPA UL and EUL, the peak-to-average ratio (PAR) is assumed to increase by up to 3 dB (99.9-percentile) or even a little more relative to R99 reference voice channel configurations. This increase of PAR will impact the linearity requirements of the PA in order to meet the required ACLR limits. Unfortunately, it became clear that an increase in the 99.9%-PAR value does not map 1-to-1 in dB to the power back-off or increase in linearity for the PA. In RAN4 meeting #31 a cubic metric has been proposed as a means to predict required PA back-off factors more accurately than by using the 99.9%-PAR levels, see [1]. Results in [2] also indicate that the cubic metric is better suited to describe the additional headroom needed in the PA. In this contribution, results based on measurements of 5 different PA devices are presented. 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 and Required PA Back-Off
A set of 24 different channel configurations has been used to study the impact of increased PAR on the ACLR at the output of 5 exemplary PA devices. The specific parameters (I/Q branch, channel gain, spreading factor, OVSF code) of each channel configuration are listed in Table 1. The different cases are termed case A through X. Please note that the cases A through N are identical to the ones used in [1]. Please also note that all beta-factors were applied relative to an amplitude value of 1/15, i.e. the beta-factors for HS-DPCCH and E-DPCCH were NOT scaled relative to the beta-factor for DPCCH (as it would actually be required in the specs for HS_DPCCH). This make it easier to compare the presented results with previous ones in [1].
For all cases listed in Table 1, the 99.9%-PAR and the cubic metric value (as defined in [1]) were determined. In short, the cubic metric is the power of a cubed test signal (HSDPA UL or EUL 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.
Case A represents the reference case (R99 voice configuration). The ACLR properties of all the signals generated according to the configurations listed in Table 1 have been investigated by feeding them through a PA and testing the ACLR at the output of the PA. The scaling of signals at the input to the PA was adjusted such that in the reference case (case A) the resulting ACLR at the output of the PA would meet a given baseline ACLR. Two different baseline ACLR values were used; baseline 1: 33 dB, baseline 2: 33 dB + margin. Baseline 1 is equal to the core requirement for ACLR in TS 25.101. For baseline 2, a margin was added to the core limit of 33dB. This is important, as the ACLR observed at the output of the PA will be further degraded when other non-linear components follow the PA in the Tx chain. The used value of the margin is not disclosed herein as it is specific for the Tx chain implementation. A realistic number was selected that is typical for commercial products and which would guarantee an ACLR of 33 dB with sufficient confidence at the antenna connector.
Then for each channel configuration and for each ACLR baseline, back-off factors in the range of 0 dB through 4.5 dB were applied in order to determine how the ACLR changes at the output of the PA. From this data it was determined how much power back-off – or equivalently how much more headroom – would be needed for each channel configuration in order to meet the given baseline ACLR level. 
Table 1: Tested channel configurations.

	CASE
	DPCCH
	DPDCH
	E-DPDCH
	HS-DPCCH
	E-DPCCH
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	Q
	8
	256
	0
	I
	15
	64
	16
	
	
	
	
	
	
	
	
	
	
	
	

	B
	Q
	8
	256
	0
	I
	15
	4
	1
	
	
	
	
	Q
	16
	256
	64
	
	
	
	

	C
	Q
	8
	256
	0
	
	
	
	
	
	
	
	
	Q
	16
	256
	64
	
	
	
	

	D
	Q
	15
	256
	0
	I
	4
	4
	1
	
	
	
	
	Q
	5
	256
	64
	
	
	
	

	E
	Q
	15
	256
	0
	I
	8
	4
	1
	
	
	
	
	Q
	15
	256
	64
	
	
	
	

	F
	Q
	4
	256
	0
	I,Q
	15,15
	4,4
	1,1
	
	
	
	
	I
	8
	256
	1
	
	
	
	

	G
	Q
	8
	256
	0
	I
	15
	64
	16
	
	
	
	
	
	
	
	
	
	
	
	

	H
	Q
	11
	256
	0
	Q
	15
	64
	16
	I
	24
	32
	8
	Q
	15
	256
	32
	I
	15
	128
	1

	I
	Q
	15
	256
	0
	Q
	10
	64
	16
	I
	42
	4
	1
	Q
	7
	256
	32
	I
	7
	128
	1

	J
	Q
	15
	256
	0
	I
	6
	64
	16
	I+Q
	79
	2
	1
	Q
	5
	256
	32
	I
	5
	256
	1

	K
	Q
	11
	256
	0
	I
	33
	16
	4
	
	
	
	
	Q
	15
	256
	64
	
	
	
	

	L
	Q
	15
	256
	0
	I+Q
	40
	4
	1
	
	
	
	
	I
	7
	256
	1
	
	
	
	

	M
	Q
	15
	256
	0
	I
	15
	64
	16
	I+Q
	15
	2
	1
	Q
	15
	256
	32
	I
	15
	256
	1

	N
	Q
	15
	256
	0
	I
	6
	64
	16
	I+Q
	15
	2
	1
	Q
	5
	256
	32
	I
	5
	256
	1

	O
	Q
	4
	256
	0
	I
	15
	64
	16
	Q
	18
	32
	8
	Q
	9
	256
	32
	I
	9
	256
	1

	P
	Q
	15
	256
	0
	I
	15
	64
	16
	Q
	18
	32
	8
	Q
	9
	256
	32
	I
	9
	256
	1

	Q
	Q
	4
	256
	0
	I
	15
	64
	16
	Q
	36
	32
	8
	Q
	9
	256
	32
	I
	9
	256
	1

	R
	Q
	15
	256
	0
	I
	15
	64
	16
	Q
	36
	32
	8
	Q
	9
	256
	32
	I
	9
	256
	1

	S
	Q
	4
	256
	0
	I
	15
	64
	16
	Q
	72
	32
	8
	Q
	9
	256
	32
	I
	9
	256
	1

	T
	Q
	15
	256
	0
	I
	15
	64
	16
	Q
	72
	32
	8
	Q
	9
	256
	32
	I
	9
	256
	1

	U
	Q
	15
	256
	0
	I,Q
	15,15
	4,4
	1,1
	I
	15
	32
	8
	Q
	15
	256
	32
	I
	15
	256
	1

	V
	Q
	15
	256
	0
	I,Q
	15,15
	4,4
	1,1
	I
	21
	32
	8
	Q
	15
	256
	32
	I
	15
	256
	1

	W
	Q
	15
	256
	0
	I,Q
	15,15
	4,4
	1,1
	I
	30
	32
	8
	Q
	15
	256
	32
	I
	15
	256
	1

	X
	Q
	15
	256
	0
	I,Q
	15,15
	4,4
	1,1
	I+Q
	47
	2
	1
	I
	30
	256
	32
	Q
	30
	64
	2

	Notes:



Br: Refers to I/Q branch. SF: Spreading factor. C: OVSF code number

“I” denotes BPSK on I-branch, “Q” denotes BPSK on Q-branch

“I+Q” denotes QPSK, “I,Q” denotes dual DPDCH with BPSK on I and Q-branch, 

“I,Q” denotes dual DPDCH on I/Q-branch with BPSK  


Table 2 Results for 99.9%-PAR and cubic metric.
	Case
	99.9% PAR
in dB
	Cubic Metric

In dB
	Case
	99.9% PAR
in dB
	Cubic Metric

In dB

	A
	3.07
	0.00
	M
	5.90
	4.14

	B
	3.29
	1.20
	N
	5.50
	3.48

	C
	3.86
	2.83
	O
	4.44
	2.34

	D
	3.45
	1.63
	P
	4.99
	3.44

	E
	4.00
	3.22
	Q
	4.03
	1.45

	F
	4.22
	1.64
	R
	4.52
	2.70

	G
	3.07
	0.00
	S
	3.56
	0.54

	H
	4.77
	2.77
	T
	3.76
	1.23

	I
	3.66
	0.74
	U
	5.93
	4.15

	J
	3.63
	0.43
	V
	5.99
	4.19

	K
	3.05
	0.32
	W
	5.91
	3.97

	L
	3.88
	1.00
	X
	5.78
	3.50


3 Mapping of 99.9%-PAR Metric or Cubic Metric to additional PA Headroom
In order to predict the needed additional PA headroom simply by calculating the 99.9%-PAR value or the cubic metric value for the tested channel configurations, a linear best fit was determined under the constraint that it contains the reference case (no back-off for 3.07 dB 99.9%-PAR or  no back-off for 0 dB cubic metric). Depending on the selected baseline ACLR level, the slope of this linear best fit is different. Figure 3 and Figure 5 depict the required power back-off factors as a function of the 99.9%-PAR values and the cubic metric, respectively. The computed liner best-fit lines are also depicted. 

It becomes clear that the 33 dB baseline ACLR (without IM) is a more aggressive assumption. Using these linear best-fit lines, predicted values for power back-off factors can be determined and compared with the actual ones. The histograms of the resulting errors (in dB) are depicted in Figure 4 and Figure 6 for the 99.9%-PAR metric and for the cubic metric, respectively.
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Figure 3: PA back-off as a function of 99.9%-PAR
Figure 4: Error histogram PAR metric.
Mean of absolute difference of predicted value in dB and actual value in dB: 0.25 dB.
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Figure 5: PA back-off as a function of cubic metric.
Figure 6: Error histogram cubic metric. 
Mean of absolute difference of predicted value in dB and actual value in dB: 0.16 dB.
4 Conclusion

The cubic metric defined in [1] seems to be a better means to predict the required power back-off as the 99.9%-PAR metric. However, when deriving the linear best-fit for predicting back-off factors, it is important to use a realistic baseline ACLR level since the mapping between cubic metric and power back-off depends on this baseline ACLR level. Taking into account 24 different signal configurations transmitted over 5 different PA parts, we come to the conclusion that the best linear fit for the mapping between cubic metric and the needed additional PA headroom is 0.57 when no implementation margin is taken into account and 0.72 when a realistic implementation margin is taken into account, respectively.
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