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1
Introduction
The current definition of cubic metric (CM) and maximum power reduction (MPR) for DC-HSUPA [1] was derived based on DC-HSUPA QPSK waveforms during Rel-9.
· CM = CEIL { [20 * log10 ((v_norm 3) rms) - 20 * log10 ((v_norm_ref 3) rms)] / k, 0.22 }

· CEIL {x, 0.22} means rounding upwards to closest 0.22 dB with 0.5 dB granularity, i.e., CM = [0.22, 0.72, 1.22, 1.72, 2.22, 2.72, 3.22, 3.72]
· k=1.66
· MPR = MAX(CM-0.72,0)
This contribution will verify the validity of the existing CM and MPR formulae for DC-HSUPA 16QAM waveforms and presents new CM and MPR formulae based on ACLR analysis.
2
Assumptions
The followings were assumed in this contribution.

· A single PA across carriers in DC-HSUPA was assumed. 
· The existing ACLR definition in [1] is used.
ACLR is the ratio of the sum of the RRC filtered mean powers centered on each of the two assigned channel frequencies to the RRC filtered mean power centered on an adjacent channel frequency.
· Assuming 33 dB ACLR1 requirement, 36 dBc ACLR reference has been chosen to account for other RF impairment and implementation margin.
· 1176 test waveforms defined in section 3 are used.
· Raw CM, defined as a CM in 25.101 [1] without k-factor scaling and ceiling function, will be used to establish the MPR.
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

3
Test Waveforms
The TBS/gain combinations for E-DPDCH and E-DPCCH, gain settings for HS-DPCCH, and DPCCH power imbalance between carriers, used to generate test waveforms, are shown from Table 1 to Table 3. As a result, we generated total 1176 (=142x3x2) DC-HSUPA 16QAM waveforms for ACLR, MPR and CM analysis. Note that E-DPCCH boosting was assumed to reflect practical operation of 16QAM operations in EUL.
Table 1:  E-DPDCH/E-DPCCH settings for test waveforms
	TBS [bits]
	20*log10(βed/βc) [dB]
	20*log10(βec/βc) [dB]

	1015
	12.04
	-1.94

	2020
	14.96
	4.08

	3119
	16.98
	6.02

	4164
	17.98
	8.07

	5120
	19.02
	8.07

	6144
	20.00
	10.1

	7168
	20.98
	12.04

	8192
	22.00
	12.04

	9000
	23.00
	14.09

	11000
	25.00
	14.09

	13940
	27.00
	16.03

	16384
	28.00
	18.06

	18000
	28.00
	22.05

	20000
	28.00
	22.05


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

	2.05

	4.08


Table 3:  DPCCH imbalance between carriers for test waveforms
	20*log10(βc,1/βc,2) [dB]

	-8

	0

	8


4
MPR and CM for DC-HSUPA with 16QAM
We look at the correlation between MPR and Raw CM to derive the suitable CM and MPR formulae for DC-HSUPA 16QAM waveforms. Needed power back-off (MPR) and Raw CM are generated for each waveform for the analysis. In the remainder of the contribution, ‘needed power back-off’ and ‘MPR’ is used interchangeably. Needed power back-off is obtained by

Needed power back-off = (PA output power of 0 dB MPR waveform – PA output power of each waveform) @36 dBc ACLR.

Raw CM is defined in Section 2.

For example, for a given PA model, the PA output power needs to be less than or equal to 27.75 dBm to achieve 36 dBc ACLR with 0 dB MPR waveform. For each waveform, the PA output power to achieve 36 dBc ACLR is also obtained. This is illustrated in Figure 1.
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Figure 1: Derivation of required power back-off.

In order to verify the validity of the existing CM and MPR formulae for DC-HSUPA 16QAM waveforms, the correlation between MPR and Raw CM with 2 different PA models
 is shown From Figure 2 and Figure 3 each. All 1176 test waveforms are used with each PA model. A green line is the existing formula [1] without ceiling and max functions and a magenta line is the existing formula with ceiling and max functions.
· 25.101 without ceil and max
· MPR = [20* log10 ((v_norm 3) rms) - 20* log10 ((v_norm_ref 3) rms)] /1.66 – 0.72
· 25.101 with ceil and max
· MPR = MAX(CEIL{ [20* log10 ((v_norm 3) rms) - 20* log10 ((v_norm_ref 3) rms)] / 1.66, 0.22 }-0.72,0)
Apparently Figure 2 and Figure 3 indicated that the existing CM and MPR formulae are not appropriate to provide adequate amount of maximum power reduction to meet the existing DC-HSUPA ACLR requirements. It is shown that at least the range of MPR and CM need to be extended. New linear fit based on the simulation results will be compared against the extended existing CM and MPR formulae for DC-HSUPA in TS 25.101 [1].
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Figure 2: MPR and Raw CM correlation using PA model #1.
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Figure 3: MPR and Raw CM correlation using PA model #2.
Figure 4 shows the scatter plot across PA model #1 and #2 with the linear fit and with the linear fit containing ceil and max functions.
· Linear fit

· MPR = [20* log10 ((v_norm 3) rms) - 20* log10 ((v_norm_ref 3) rms)] /1.23 –1.24
· Linear fit with ceil and max

· MPR = MAX(CEIL{ [20* log10 ((v_norm 3) rms) - 20* log10 ((v_norm_ref 3) rms)] / 1.23, 0.241 }-1.24, 0)
where CEIL { x, 0.24 } means rounding upwards to closest 0.24 dB with 0.5 dB granularity, i.e. CM = [0.24, 0.74, 1.24, 1.74, 2.24, 2.74, 3.24, 3.74, 4.24, 4.74, 5.24]

The range extended version of the existing formula for DC-HSUPA in TS 25.101 [1] is compared together.
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Figure 4: MPR and Raw CM correlation with linear fit.

Figure 5 shows the distribution of the residual error in MPR. The residual error is defined by

Residual error = Simulated MPR (from ACLR) – Estimated MPR (from cubic metric),
where estimated MPR includes the ceil and max function. If we have positive residual error, we underestimate the MPR needed to meet other out-of-band emission requirements such as ACLR and SEM. If we have negative residual error, we overestimate the MPR. Apparently it is more problematic if we have positive residual MPR.

Here is the observation.

· The maximum residual error with the existing 25.101 formula (range extended) is 0.86 dB.
· The maximum residual error with new formulae is 0.18 dB.

· We underestimate the MPR for 71.3 % of the evaluated waveforms with the existing 25.101 formula.

· We underestimate the MPR for 7.5 % of the evaluated waveforms with the proposed linear fit with ceil and max.
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Figure 5: Distribution of residual MPR error.

If we compare the new CM and MPR formulae with the existing formulae in TS 25.101 as shown in Figure 6, new formulae provide less MPR if Raw CM of the waveform is smaller than 2.5. The smallest Raw CM in simulation is bigger than 4.5. However, given that we ran only limited number of waveforms for DC-HSUPA 16QAM, it is possible to have a small Raw CM for DC-HSUPA 16QAM waveforms. Since new formulae should not provide less MPR than the existing formulae for DC-HSUPA QPSK waveforms, the following CM and MPR are proposed:
If Raw CM<2.5

· CM = CEIL{ [20* log10 ((v_norm 3) rms) - 20* log10 ((v_norm_ref 3) rms)] / 1.66, 0.22 }
· MPR = MAX(CM-0.72,0)
where CEIL { x, 0.22 } means rounding upwards to closest 0.22 dB with 0.5 dB granularity, i.e. CM = [0.22, 0.72, 1.22, 1.72]

Else

· CM = CEIL{ [20* log10 ((v_norm 3) rms) - 20* log10 ((v_norm_ref 3) rms)] / 1.23, 0.24 }
· MPR = CM-1.24
where CEIL { x, 0.24 } means rounding upwards to closest 0.24 dB with 0.5 dB granularity, i.e. CM = [2.24, 2.74, 3.24, 3.74, 4.24, 4.74, 5.24]
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Figure 6: New and existing formulae 
5
Conclusions
This contribution has shown that the existing CM and MPR formulae do not provide adequate MPR for DC-HSUPA 16QAM waveforms to meet the existing DC-HSUPA ACLR requirements. New MPR and CM formulae for DC-HSUPA 16 QAM waveforms have been proposed based on ACLR analysis.
Proposal: Adopt new CM and MPR formulae for DC-HSUPA 16QAM waveforms as follows:
Raw CM = 20* log10 ((v_norm 3) rms) - 20* log10 ((v_norm_ref 3) rms)
If Raw CM<2.5

· CM = CEIL{ Raw CM / 1.66, 0.22 }
· MPR = MAX(CM-0.72,0)
where CEIL { x, 0.22 } means rounding upwards to closest 0.22 dB with 0.5 dB granularity, i.e. CM = [0.22, 0.72, 1.22, 1.72]

Else

· CM = CEIL{ Raw CM / 1.23, 0.24 }
· MPR = CM-1.24
where CEIL { x, 0.24 } means rounding upwards to closest 0.24 dB with 0.5 dB granularity, i.e. CM = [2.24, 2.74, 3.24, 3.74, 4.24, 4.74, 5.24]

6
References

[1] 3GPP TS 25.101, “User Equipment (UE) radio transmission and reception (FDD)”
[2] R4-092899, “Cubic metric formula analysis for DC-HSUPA”, Qualcomm Europe
� The PA models are the same as the ones previously used in [2].





PAGE  
8

