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1
Introduction
In [1], ad-hoc meeting minutes for DC-HSUPA are summarized. The following points were made during discussion for the Maximum Power Reduction (MPR) requirements:
· how to match CM model against balanced and imbalanced cases

· how to incorporate the power difference parameter into the BO 

· it may not necessesarily be worst case when carriers are on same power level 

· more waveforms needed to gain confidence

· more investigations needed on appropriate CM model and k –factor
· how to limit the many combinations in BO computations (e.g. could small relaxations on MPR help?)
In this contribution, we will analyze the MPR required to meet the ACLR requirements, and then propose a new formula to compute the MPR based on raw cubic metric (CM).
2
Assumptions
We assume a single PA across carriers in DC-HSUPA for the purpose of analysis in the remainder of the contribution. For the detailed assumptions, please refer to [2]. The AM/AM and AM/PM responses for a nonlinear PA model used in the analysis are shown in Figure 4 and Figure 5 in [2].
The following ACLR definition was agreed as a working assumption in [1] and it will be used in the analysis.
Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the sum of the RRC filtered mean power centered on each of the two assigned channel frequencies to the RRC filtered mean powers centered on an adjacent channel frequency.
ACLR1 requirement of 33 dB is also used for a working assumption.
3
Test Waveforms for DC-HSUPA
The TBS/gain combinations for E-DPDCH, gain settings for E-DPDCH, gain settings for HS-DPCCH, and DPCCH power imbalance between carriers, used to generate test waveforms, are shown from Table 1 to Table 4. As agreed in RAN1, HS-DPCCH presents on one carrier only. As a result, we generated total 6084 (=132x22x3x3) DC-HSUPA waveforms for ACLR, MPR and CM analysis.
Table 1:  E-DPDCH settings for test waveforms
	TBS [bits]
	20*log10(βed/βc) [dB]

	129
	4.08

	256
	7.11

	382
	8.94

	510
	9.92

	760
	12.0

	1015
	12.0

	2020
	13.97

	3119
	16.01

	5178
	19.04

	6206
	19.76

	7173
	19.76

	8290
	20.80

	11484
	23.80


Table 2:  E-DPCCH gain settings for test waveforms
	20*log10(βec/βc) [dB]

	1.03

	2.04


Table 3:  HS-DPCCH gain settings for test waveforms
	20*log10(βhs/βc) [dB]

	-∞

	1.03

	2.04


Table 4:  DPCCH imbalance between carriers for test waveforms
	20*log10(βc,1/βc,2) [dB]

	-8

	0

	8


4
Power Back-Off and Raw CM
Required power back-off (MPR) and Raw CM will be generated for each waveform for the analysis. In the remainder of the contribution, ‘required power back-off’ and ‘MPR’ is used interchangeably. Required power back-off can be obtained by
Required power back-off = (Power level of 0 dB MPR waveform – Power level of each waveform) @36 dBc.

This has been illustrated in Figure 1. Assuming 33 dB ACLR1 requirement, 36 dBc ACLR reference has been chosen to account for other RF impairment and implementation margin. 
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Figure 1: Derivation of required power back-off.

Raw CM is defined as a CM in 25.101 [3] without k-factor scaling and ceiling function. Then, raw CM is given by

Raw CM = 20 * log10 ((v_norm 3) rms) - 20 * log10 ((v_norm_ref 3) rms)
where

-
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) and

-
20 * log10 ((v_norm_ref 3) rms) = 1.52 dB

4
Modified MPR and CM for DC-HSUPA
To address the issue of power imbalance in regard to power back-off discussed during ad-hoc meeting [1], we first look at the MPR and Raw CM difference between balanced case and 8 dB imbalanced cases. MPR difference is shown in Figure 2 and Raw CM difference is shown in Figure 3. For each testcase index, all the settings including TBS and gain are same for balanced and corresponding imbalanced cases. The only difference is DPCCH pilot power. In balanced case, both carriers have the same DPCCH pilot powers, but in imbalanced cases, the secondary carrier (without HS-DPCCH) has an 8 dB higher DPCCH pilot power. It is observed that MPR is different as high as 1 dB and raw CM is different as high as 2 dB. It can be concluded that power imbalance cannot be ignored when we compute the CM and MPR for DC-HSUPA.
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Figure 2: MPR difference between balanced and imbalanced cases.
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Figure 3: Raw CM difference between balanced and imbalanced cases.

As a next step, we look at the correlation between MPR and Raw CM to derive the suitable CM and MPR formulas for DC-HSUPA. Figure 4 through Figure 6 show this correlation for the case of balanced pilot powers, -8 dB pilot power imbalance, and 8 dB pilot power imbalance respectively. The linear fit is also shown in each figure together with the MPR and CM formula in the existing single carrier case [3]. It is observed that we need a different formula for DC-HSUPA. The residuals with respect to the linear fit are also shown accordingly.
In balanced case, the best linear fit is given by
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With -8 dB imbalance, the best linear fit is given by
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With 8 dB imbalance, the best linear fit is given by
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It turned out that the pilot power imbalance did not make any impact on the correlation between MPR and raw CM. As a result, the correlation analysis has been done across all 6084 test waveforms and it is shown in Figure 7. The best linear fit in this case is given by
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Using this one formula, it is also shown that the estimated MPR is within 0.3 dB from true MPR. 
Based on this result, we can modify the CM and MPR for DC-HSUPA as following:

CM = CEIL { [20 * log10 ((v_norm 3) rms) - 20 * log10 ((v_norm_ref 3) rms)] / k, 0.23 }

MPR = MAX(CM-0.73,0)
where

-
CEIL { x, 0.23 } means rounding upwards to closest 0.23dB, i.e. CM = [0.23, 0.73, 1.23, 1.73, 2.23, 2.73, 3.23, 3.73]

-
k is 1.65
-
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) and

-
20 * log10 ((v_norm_ref 3) rms) = 1.52 dB
The above CM and MPR derivation is based on a particular PA model. We may need to perform more simulation based on other PA models and execute a linear fit across all the simulation, but the basic methodology was shown in this contribution.
5
Conclusions
In this contribution, we analyzed the MPR and CM for DC-HSUPA. Based on a large number of reasonably selected test waveforms, the correlation between MPR and CM was studied. It was shown that 1) the power imbalance in DC-HSUPA cannot be ignored when computing the CM and MPR, 2) the MPR and CM correlation is invariant to power imbalance. The modified CM and MPR for DC-HSUPA was proposed in Section 4.
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Figure 4: MPR and Raw CM correlation with balanced pilot powers.
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Figure 5: MPR and Raw CM correlation with -8 dB imbalanced pilot power on the secondary carrier.
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Figure 6: MPR and Raw CM correlation with 8 dB imbalanced pilot power on the secondary carrier.
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Figure 7: MPR and Raw CM correlation across all the test waveforms.
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