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1
Introduction

A link analysis of 16-QAM on E-DPDCH was presented in [1], [2]. In this contribution, we present cubic metrics (CM) for both 16QAM and 8-PSK on E-DPDCH and compare against Release 6 configurations for the purpose of measuring the impact of higher order modulations on UE power amplifier linearity and efficiency. 
2
Simulation Assumptions
· The amplitude of the DPCCH is always constant βc =15/15 in the simulation setup.
· There is no dedicated channel i.e. the amplitude of the DPDCH βd = 0. 
· All amplitude values βc , βhs , βec , βed of uplink channels (Table 1)  are quantized as defined in [3].
· Based on the link analysis performed [1], [2], 16-QAM is most suitable when 4 channelisation codes (2xSF2+2xSF4) are used. Nevertheless, we also compute cubic metrics for the case when 2 channelisation codes are used (2xSF4 and 2xSF2).
· Table 2 lists the different combinations of uplink channels that were tested (for each of QPSK, 8-PSK and 16-QAM) and the corresponding gain settings on each individual uplink channel.
· Based on the link analysis performed [1],[2], a suitable operating point exists in the T/P range of 10 to 20 dB. Table 3 highlights the different combinations of gain settings on uplink channels that were used in this study.  Table 4 lists the combinations of βed and βc when 2 channelisation codes are used and Table 5 lists the combinations of βed,1  , βed,2  and βec when 4 channelisation codes are used.

Table 1: Quantization of Amplitudes

	
	Quantized amplitude (gain factor)

	βc
	[0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15] / 15

	βed / βc
	[5, 6, 7, 8, 9, 11, 12, 13, 15, 17, 19, 21, 24, 27, 30, 34, 38, 

42, 47, 53, 60, 67, 75, 84, 95, 106, 119, 134, 150, 168] / 15

	βec / βc

and

βhs / βc
	[5, 6, 8, 9, 12, 15, 19, 24, 30] / 15


Table 2: Channelisation code allocation and IQ branch mapping for QPSK/8-PSK/16-QAM
	Case
	DPCCH
	HS-DPCCH
	E-DPCCH
	E-DPDCH
	SF

	
	
	
	
	1
	2
	3
	4
	

	1-1
	256,0,Q
	-
	256,1,I
	-
	-
	4,1,I
	4,1,Q
	4

	1-2~1-6
	256,0,Q
	256,33,Q
	256,1,I
	-
	-
	4,1,I
	4,1,Q
	4

	2-1
	256,0,Q
	-
	256,1,I
	2,1,I
	2,1,Q
	-
	-
	2

	2-2~2-6
	256,0,Q
	256,33,Q
	256,1,I
	2,1,I
	2,1,Q
	-
	-
	2

	3-1
	256,0,Q
	-
	256,1,I
	2,1,I
	2,1,Q
	4,1,I
	4,1,Q
	2,4

	3-2~3-6
	256,0,Q
	256,33,Q
	256,1,I
	2,1,I
	2,1,Q
	4,1,I
	4,1,Q
	2,4


Table 3: E-TFC Selection

	Case
	βc
	βhs
	βec
	βed
	E-DPDCH

	
	
	
	
	
	SF
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N



	1-1
	15
	0
	≥ 0
	See Table 4
	2SF4
	2

	1-2
	15
	12
	≥ 0
	See Table 4
	2SF4
	2

	1-3
	15
	15
	≥ 0
	See Table 4
	2SF4
	2

	1-4
	15
	19
	≥ 0
	See Table 4
	2SF4
	2

	1-5
	15
	24
	≥ 0
	See Table 4
	2SF4
	2

	1-6
	15
	30
	≥ 0
	See Table 4
	2SF4
	2

	2-1
	15
	0
	≥ 0
	See Table 4
	2SF2
	2

	2-2
	15
	12
	≥ 0
	See Table 4
	2SF2
	2

	2-3
	15
	15
	≥ 0
	See Table 4
	2SF2
	2

	2-4
	15
	19
	≥ 0
	See Table 4
	2SF2
	2

	2-5
	15
	24
	≥ 0
	See Table 4
	2SF2
	2

	2-6
	15
	30
	≥ 0
	See Table 4
	2SF2
	2

	3-1
	15
	0
	≥ 0
	See Table 5
	2SF2+2SF4
	4

	3-2
	15
	12
	≥ 0
	See Table 5
	2SF2+2SF4
	4

	3-3
	15
	15
	≥ 0
	See Table 5
	2SF2+2SF4
	4

	3-4
	15
	19
	≥ 0
	See Table 5
	2SF2+2SF4
	4

	3-5
	15
	24
	≥ 0
	See Table 5
	2SF2+2SF4
	4

	3-6
	15
	30
	≥ 0
	See Table 5
	2SF2+2SF4
	4


Table 4: Beta Settings (βed and βc)  when 2 channelization codes are used

	βed
	βc
	T/P [dB]

	30
	15
	9.0309

	34
	15
	10.11805

	38
	15
	11.08415

	42
	15
	11.95346

	47
	15
	12.93043

	53
	15
	13.97399

	60
	15
	15.0515

	67
	15
	16.00997

	75
	15
	16.9897

	84
	15
	17.97406

	95
	15
	19.04295

	106
	15
	19.99459

	119
	15
	20.99941

	134
	15
	22.03057


Table 5: Beta Settings (βed,1 , βed,2 and βc)  when 4 channelization codes are used

	βed,1
	βed,2
	βc
	T/P [dB]

	19
	24
	15
	9.834759

	21
	27
	15
	10.70407

	24
	30
	15
	11.86391

	27
	38
	15
	12.88696

	30
	42
	15
	13.80211

	34
	47
	15
	14.88927

	38
	53
	15
	15.85536

	42
	53
	15
	16.72467

	47
	60
	15
	17.70164

	53
	67
	15
	18.7452

	60
	84
	15
	19.82271

	67
	84
	15
	20.78118

	75
	106
	15
	21.76091


3
Cubic Metric Summary
Table 6 summarizes the cubic metrics for QPSK, 8-PSK and 16-QAM for Cases 1 through 3 while Table 7 summarizes the difference in cubic metrics between QPSK and 16-QAM as well as 8-PSK and 16-QAM.
Annex 1 shows some 3D graphs for Case 1-3, Case 2-3 and Case 3-3 to show the shape of the CM as a function of βec and βed.
Table 6: Cubic Metric Summary – QPSK/8-PSK/16-QAM
	Uplink Channel Gain Settings
	QPSK
	8-PSK
	16-QAM

	
	CM [dB]
	CM [dB]
	CM [dB]

	Case
	βhs
	βec
	βed
	SF
	Ne-dpdch
	CM scale factor
	Min
	Max
	Min
	Max
	Min
	Max

	1-1
	0
	 >0
	see Table 4
	4
	2
	1.85
	0.060
	1.426
	0.061
	1.427
	1.412
	1.956

	1-2
	12
	>0
	see Table 4
	4
	2
	1.85
	0.090
	1.524
	0.091
	1.524
	1.405
	2.051

	1-3
	15
	 >0
	see Table 4
	4
	2
	1.85
	0.112
	1.562
	0.108
	1.568
	1.446
	2.090

	1-4
	19
	>0
	see Table 4
	4
	2
	1.85
	0.136
	1.623
	0.132
	1.617
	1.444
	2.172

	1-5
	24
	 >0
	see Table 4
	4
	2
	1.85
	0.183
	1.729
	0.185
	1.723
	1.467
	2.258

	1-6
	30
	>0
	see Table 4
	4
	2
	1.85
	0.249
	1.858
	0.247
	1.871
	1.495
	2.293

	2-1
	0
	>0
	see Table 4
	2
	2
	1.56
	0.081
	1.966
	0.086
	1.973
	1.492
	2.506

	2-2
	12
	>0
	see Table 4
	2
	2
	1.56
	0.134
	2.056
	0.135
	2.065
	1.535
	2.600

	2-3
	15
	>0
	see Table 4
	2
	2
	1.56
	0.158
	2.128
	0.160
	2.125
	1.549
	2.639

	2-4
	19
	>0
	see Table 4
	2
	2
	1.56
	0.190
	2.183
	0.197
	2.191
	1.574
	2.735

	2-5
	24
	>0
	see Table 4
	2
	2
	1.56
	0.260
	2.317
	0.259
	2.323
	1.598
	2.839

	2-6
	30
	>0
	see Table 4
	2
	2
	1.56
	0.351
	2.488
	0.353
	2.474
	1.659
	2.944

	3-1
	0
	>0
	see Table 5
	2,4
	4
	1.56
	1.913
	2.637
	1.898
	2.642
	2.699
	3.036

	3-2
	12
	>0
	see Table 5
	2,4
	4
	1.56
	1.939
	2.715
	1.933
	2.725
	2.699
	3.159

	3-3
	15
	>0
	see Table 5
	2,4
	4
	1.56
	1.933
	2.774
	1.939
	2.777
	2.713
	3.190

	3-4
	19
	>0
	see Table 5
	2,4
	4
	1.56
	1.953
	2.867
	1.959
	2.866
	2.714
	3.256

	3-5
	24
	>0
	see Table 5
	2,4
	4
	1.56
	1.985
	2.959
	1.987
	2.963
	2.741
	3.297

	3-6
	30
	>0
	see Table 5
	2,4
	4
	1.56
	2.035
	3.001
	2.034
	2.997
	2.758
	3.293


Table 7: Cubic Metric Difference between QPSK/16-QAM and 8-PSK/16-QAM
	Uplink Channel Gain Settings
	Δ CM

QPSK

16-QAM

[dB]
	Δ CM

8-PSK

16-QAM

[dB]

	Case
	βhs
	βec
	βed
	SF
	Ne-dpdch
	CM scale factor
	Min
	Max
	Min
	Max

	1-1
	0
	 >0
	see Table 4
	4
	2
	1.85
	0.53
	1.40
	0.53
	1.40

	1-2
	12
	>0
	see Table 4
	4
	2
	1.85
	0.47
	1.36
	0.47
	1.37

	1-3
	15
	 >0
	see Table 4
	4
	2
	1.85
	0.45
	1.35
	0.44
	1.36

	1-4
	19
	>0
	see Table 4
	4
	2
	1.85
	0.40
	1.35
	0.41
	1.36

	1-5
	24
	 >0
	see Table 4
	4
	2
	1.85
	0.40
	1.35
	0.38
	1.35

	1-6
	30
	>0
	see Table 4
	4
	2
	1.85
	0.29
	1.27
	0.26
	1.27

	2-1
	0
	>0
	see Table 4
	2
	2
	1.56
	0.54
	1.44
	0.53
	1.43

	2-2
	12
	>0
	see Table 4
	2
	2
	1.56
	0.51
	1.42
	0.50
	1.42

	2-3
	15
	>0
	see Table 4
	2
	2
	1.56
	0.46
	1.39
	0.47
	1.40

	2-4
	19
	>0
	see Table 4
	2
	2
	1.56
	0.45
	1.42
	0.44
	1.42

	2-5
	24
	>0
	see Table 4
	2
	2
	1.56
	0.38
	1.36
	0.39
	1.36

	2-6
	30
	>0
	see Table 4
	2
	2
	1.56
	0.31
	1.32
	0.33
	1.32

	3-1
	0
	>0
	see Table 5
	2,4
	4
	1.56
	0.32
	0.81
	0.32
	0.84

	3-2
	12
	>0
	see Table 5
	2,4
	4
	1.56
	0.28
	0.80
	0.28
	0.81

	3-3
	15
	>0
	see Table 5
	2,4
	4
	1.56
	0.25
	0.79
	0.27
	0.79

	3-4
	19
	>0
	see Table 5
	2,4
	4
	1.56
	0.21
	0.79
	0.22
	0.79

	3-5
	24
	>0
	see Table 5
	2,4
	4
	1.56
	0.21
	0.77
	0.20
	0.76

	3-6
	30
	>0
	see Table 5
	2,4
	4
	1.56
	0.18
	0.75
	0.18
	0.75


4
Observations

· As observed in Table 6 and Table 7, QPSK and 8PSK show the same cubic metric performance since both signals have the constant modulus property. 

· In case of Ne-dpdch  = 2 (i.e., Case 1 and Case 2), 2xSF2 has a larger cubic metric than 2xSF4. 
· In case of Ne-dpdch = 2 (2xSF4):
· the minimum of the difference in cubic metric between 16 QAM and QPSK/8PSK is ~0.25 to 0.53 dB. 

· the maximum of the difference in cubic metric between 16 QAM and QPSK/8PSK is ~1.26 to 1.4 dB.
· In case of Ne-dpdch = 2 (2xSF2):
· the minimum of the difference in cubic metric between 16 QAM and QPSK/8PSK is ~0.32 to 0.54 dB. 

· the maximum of the difference in cubic metric between 16 QAM and QPSK/8PSK is ~1.31 to 1.44 dB.
· In case of Ne-dpdch= 4 (2xSF2+2xSF4):
· the minimum of the difference in cubic metric between 16 QAM and QPSK/8PSK is ~0.18 to 0.32 dB. 

· the maximum of the difference in cubic metric between 16 QAM and QPSK/8PSK is ~0.75 to 0.84 dB.
5
Conclusion
A detailed analysis of cubic metrics was performed for QPSK, 8-PSK and 16-QAM. The choice of gain settings on E-DPDCH (βed) were based on the link analysis performed on 16-QAM in [1], [2]. 
As expected, 8-PSK and QPSK demonstrate the same cubic metric performance while for the expected operating point of 16-QAM (2xSF2+2xSF4), 16-QAM is slightly worse (0.18 to 0.84 dB) than QPSK/8-PSK
6
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Annex 1
7.1
Case 1-3
Figures 1 through 3 illustrate the cubic metric of Case 1-3 for QPSK, 8PSK and 16QAM. 
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Fig. 1. Cubic metric for case 1-3: QPSK
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Fig. 2. Cubic metric for case 1-3: 8PSK
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Fig. 3. Cubic metric for case 1-3: 16QAM

7.2
Case 2-3
Figures 4 through 6 illustrate the cubic metric of Case 2-3 for QPSK, 8PSK and 16QAM. 
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Fig. 4. Cubic metric for case 2-3: QPSK
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Fig. 5. Cubic metric for case 2-3: 8PSK

[image: image7.emf]0

50

100

150

200

0

10

20

30

0

1

2

3

4



ed

Cubic Metric in dB



ec

Cubic Metric in dB


Fig. 6. Cubic metric for case 2-3: 16QAM

7.3
Case 3-3




Figures 7 through 9 illustrate the cubic metric of Case 3-3 for QPSK, 8PSK and 16QAM. 
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Fig. 7. Cubic metric for case 3-3: QPSK
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Fig. 8. Cubic metric for case 3-3: 8PSK
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Fig. 9. Cubic metric for case 3-3: 16QAM
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