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1
Introduction

In [1],[2],[3], modifications were made to support boosting of the E-DPCCH channel power in the context of supporting an enhanced phase reference when high data rates are used on the E-DPDCH. During the Study Item (SI) phase of UL 16-QAM, a detailed cubic metric (CM) analysis [6] was performed for 16QAM on E-DPDCH assuming a boosted DPCCH. In this contribution, we perform a similar CM analysis for 16-QAM on E-DPDCH assuming a boosted E-DPDCH for different values of ∆T2TP [2],[3]. Furthermore we propose a limited set of beta gain factor combinations suitable for 16-QAM on E-DPDCH.
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 , βed of uplink channels are quantized as defined in [2]. βec is quantized as defined in [7].
· 4 channelisation codes (2xSF2+2xSF4) are used. 
· Table 1 and Table 2 list the different combinations of uplink channels that were tested.
· Throughout the document, we define the total traffic to pilot (T2P) ratio across all the 4 E-DPDCH as:

· T2P (4 codes) = 10*log10(2*(βed,1/βc)2 +2*(βed,2/ βc)2) as defined in [7]
· Note: this T2P is not to be confused with ∆T2TP also defined in [7] 

· Due to the E-DPCCH boosting, ∆T2TP  is varied from 10 dB to 16dB [2].
· Based on the link analysis performed [4],[5], a suitable operating point exists in the T/P range of 20 to 34 dB.  Nevertheless, we examine all the possible beta gain combinations as allowed by the ∆T2TP setting. Table 3 to Table 9 highlight the different combinations of gain settings on uplink channels that were used in this study.  
Table 1: Channelisation code allocation and IQ branch mapping for 16-QAM
	Case
	DPCCH
	HS-DPCCH
	E-DPCCH
	E-DPDCH
	SF

	
	
	
	
	1
	2
	3
	4
	

	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 2: E-TFC Selection

	Case
	βhs
	E-DPDCH

	
	
	SF
	
[image: image1.wmf]codes

N



	3-1
	0
	2SF2+2SF4
	4

	3-2
	12
	2SF2+2SF4
	4

	3-3
	15
	2SF2+2SF4
	4

	3-4
	19
	2SF2+2SF4
	4

	3-5
	24
	2SF2+2SF4
	4

	3-6
	30
	2SF2+2SF4
	4


Table 3: βed,1, βed,2, βc, βec  gain factor settings: ∆T2TP = 10dB

	15*βed,1
	15*βed,2
	15*βc
	15*βec
	T2P (4 codes) [dB]
	(βec/ βc)2 [dB]

	21
	30
	15
	6
	10.76
	-7.96

	24
	34
	15
	12
	11.87
	-1.94

	27
	38
	15
	15
	12.86
	0.00

	30
	42
	15
	19
	13.74
	2.05

	34
	47
	15
	19
	14.76
	2.05

	38
	53
	15
	24
	15.78
	4.08

	42
	60
	15
	30
	16.78
	6.02

	47
	67
	15
	30
	17.75
	6.02

	53
	75
	15
	38
	18.75
	8.07

	60
	84
	15
	48
	19.76
	10.10

	67
	95
	15
	48
	20.80
	10.10

	75
	106
	15
	60
	21.76
	12.04

	84
	119
	15
	60
	22.76
	12.04

	95
	134
	15
	76
	23.80
	14.09

	106
	150
	15
	76
	24.77
	14.09

	119
	168
	15
	95
	25.76
	16.03

	134
	189
	15
	95
	26.79
	16.03

	150
	212
	15
	120
	27.78
	18.06

	168
	237
	15
	120
	28.75
	18.06

	189
	267
	15
	151
	29.78
	20.06

	212
	299
	15
	151
	30.77
	20.06

	237
	336
	15
	190
	31.77
	22.05


	267
	377
	15
	190
	32.78
	22.05

	299
	377
	15
	239
	33.13
	24.05

	336
	377
	15
	239
	33.55
	24.05

	377
	377
	15
	239
	34.03
	24.05


Table 4: βed,1, βed,2, βc, βec  gain factor settings: ∆T2TP = 11dB
	15*βed,1
	15*βed,2
	15*βc
	15*βec
	T2P (4 codes) [dB]
	(βec/ βc)2 [dB]

	24
	34
	15
	8
	11.87
	-5.46

	27
	38
	15
	12
	12.86
	-1.94

	30
	42
	15
	15
	13.74
	0.00

	34
	47
	15
	19
	14.76
	2.05

	38
	53
	15
	19
	15.78
	2.05

	42
	60
	15
	24
	16.78
	4.08

	47
	67
	15
	30
	17.75
	6.02

	53
	75
	15
	30
	18.75
	6.02

	60
	84
	15
	38
	19.76
	8.07

	67
	95
	15
	48
	20.80
	10.10

	75
	106
	15
	48
	21.76
	10.10

	84
	119
	15
	60
	22.76
	12.04

	95
	134
	15
	60
	23.80
	12.04

	106
	150
	15
	76
	24.77
	14.09

	119
	168
	15
	76
	25.76
	14.09

	134
	189
	15
	95
	26.79
	16.03

	150
	212
	15
	95
	27.78
	16.03

	168
	237
	15
	120
	28.75
	18.06

	189
	267
	15
	120
	29.78
	18.06

	212
	299
	15
	151
	30.77
	20.06

	237
	336
	15
	151
	31.77
	20.06

	267
	377
	15
	190
	32.78
	22.05

	299
	377
	15
	190
	33.13
	22.05

	336
	377
	15
	190
	33.55
	22.05

	377
	377
	15
	190
	34.03
	22.05


Table 5: βed,1, βed,2, βc, βec  gain factor settings: ∆T2TP = 12dB
	15*βed,1
	15*βed,2
	15*βc
	15*βec
	T2P (4 codes) [dB]
	(βec/ βc)2 [dB]

	27
	38
	15
	8
	12.86
	-5.46

	30
	42
	15
	12
	13.74
	-1.94

	34
	47
	15
	15
	14.76
	0.00

	38
	53
	15
	19
	15.78
	2.05

	42
	60
	15
	19
	16.78
	2.05

	47
	67
	15
	24
	17.75
	4.08

	53
	75
	15
	30
	18.75
	6.02

	60
	84
	15
	30
	19.76
	6.02

	67
	95
	15
	38
	20.80
	8.07

	75
	106
	15
	48
	21.76
	10.10

	84
	119
	15
	48
	22.76
	10.10

	95
	134
	15
	60
	23.80
	12.04

	106
	150
	15
	60
	24.77
	12.04

	119
	168
	15
	76
	25.76
	14.09

	134
	189
	15
	76
	26.79
	14.09

	150
	212
	15
	95
	27.78
	16.03

	168
	237
	15
	95
	28.75
	16.03

	189
	267
	15
	120
	29.78
	18.06

	212
	299
	15
	120
	30.77
	18.06

	237
	336
	15
	151
	31.77
	20.06

	267
	377
	15
	151
	32.78
	20.06

	299
	377
	15
	190
	33.13
	22.05

	336
	377
	15
	190
	33.55
	22.05

	377
	377
	15
	190
	34.03
	22.05


Table 6: βed,1, βed,2, βc, βec  gain factor settings: ∆T2TP = 13dB
	15*βed,1
	15*βed,2
	15*βc
	15*βec
	T2P (4 codes) [dB]
	(βec/ βc)2 [dB]

	30
	42
	15
	6
	13.74
	-7.96

	34
	47
	15
	12
	14.76
	-1.94

	38
	53
	15
	15
	15.78
	0.00

	42
	60
	15
	19
	16.78
	2.05

	47
	67
	15
	19
	17.75
	2.05

	53
	75
	15
	24
	18.75
	4.08

	60
	84
	15
	30
	19.76
	6.02

	67
	95
	15
	30
	20.80
	6.02

	75
	106
	15
	38
	21.76
	8.07

	84
	119
	15
	48
	22.76
	10.10

	95
	134
	15
	48
	23.80
	10.10

	106
	150
	15
	60
	24.77
	12.04

	119
	168
	15
	60
	25.76
	12.04

	134
	189
	15
	76
	26.79
	14.09

	150
	212
	15
	76
	27.78
	14.09

	168
	237
	15
	95
	28.75
	16.03

	189
	267
	15
	95
	29.78
	16.03

	212
	299
	15
	120
	30.77
	18.06

	237
	336
	15
	120
	31.77
	18.06

	267
	377
	15
	151
	32.78
	20.06

	299
	377
	15
	151
	33.13
	20.06

	336
	377
	15
	151
	33.55
	20.06

	377
	377
	15
	151
	34.03
	20.06


Table 7: βed,1, βed,2, βc, βec  gain factor settings: ∆T2TP = 14dB
	15*βed,1
	15*βed,2
	15*βc
	15*βec
	T2P (4 codes) [dB]
	(βec/ βc)2 [dB]

	34
	47
	15
	6
	14.76
	-7.96

	38
	53
	15
	12
	15.78
	-1.94

	42
	60
	15
	15
	16.78
	0.00

	47
	67
	15
	19
	17.75
	2.05

	53
	75
	15
	19
	18.75
	2.05

	60
	84
	15
	24
	19.76
	4.08

	67
	95
	15
	30
	20.80
	6.02

	75
	106
	15
	30
	21.76
	6.02

	84
	119
	15
	38
	22.76
	8.07

	95
	134
	15
	48
	23.80
	10.10

	106
	150
	15
	48
	24.77
	10.10

	119
	168
	15
	60
	25.76
	12.04

	134
	189
	15
	60
	26.79
	12.04

	150
	212
	15
	76
	27.78
	14.09

	168
	237
	15
	76
	28.75
	14.09

	189
	267
	15
	95
	29.78
	16.03

	212
	299
	15
	95
	30.77
	16.03

	237
	336
	15
	120
	31.77
	18.06

	267
	377
	15
	120
	32.78
	18.06

	299
	377
	15
	151
	33.13
	20.06

	336
	377
	15
	151
	33.55
	20.06

	377
	377
	15
	151
	34.03
	20.06


Table 8: βed,1, βed,2, βc, βec  gain factor settings: ∆T2TP = 15dB
	15*βed,1
	15*βed,2
	15*βc
	15*βec
	T2P (4 codes) [dB]
	(βec/ βc)2 [dB]

	38
	53
	15
	6
	15.78
	-7.96

	42
	60
	15
	12
	16.78
	-1.94

	47
	67
	15
	15
	17.75
	0.00

	53
	75
	15
	19
	18.75
	2.05

	60
	84
	15
	19
	19.76
	2.05

	67
	95
	15
	24
	20.80
	4.08

	75
	106
	15
	30
	21.76
	6.02

	84
	119
	15
	30
	22.76
	6.02

	95
	134
	15
	38
	23.80
	8.07

	106
	150
	15
	48
	24.77
	10.10

	119
	168
	15
	48
	25.76
	10.10

	134
	189
	15
	60
	26.79
	12.04

	150
	212
	15
	60
	27.78
	12.04

	168
	237
	15
	76
	28.75
	14.09

	189
	267
	15
	76
	29.78
	14.09

	212
	299
	15
	95
	30.77
	16.03

	237
	336
	15
	95
	31.77
	16.03

	267
	377
	15
	120
	32.78
	18.06

	299
	377
	15
	120
	33.13
	18.06

	336
	377
	15
	120
	33.55
	18.06

	377
	377
	15
	120
	34.03
	18.06


Table 9: βed,1, βed,2, βc, βec  gain factor settings: ∆T2TP = 16dB
	15*βed,1
	15*βed,2
	15*βc
	15*βec
	T2P (4 codes) [dB]
	(βec/ βc)2 [dB]

	42
	60
	15
	6
	16.78
	-7.96

	47
	67
	15
	12
	17.75
	-1.94

	53
	75
	15
	15
	18.75
	0.00

	60
	84
	15
	19
	19.76
	2.05

	67
	95
	15
	19
	20.80
	2.05

	75
	106
	15
	24
	21.76
	4.08

	84
	119
	15
	30
	22.76
	6.02

	95
	134
	15
	30
	23.80
	6.02

	106
	150
	15
	38
	24.77
	8.07

	119
	168
	15
	48
	25.76
	10.10

	134
	189
	15
	48
	26.79
	10.10

	150
	212
	15
	60
	27.78
	12.04

	168
	237
	15
	60
	28.75
	12.04

	189
	267
	15
	76
	29.78
	14.09

	212
	299
	15
	76
	30.77
	14.09

	237
	336
	15
	95
	31.77
	16.03

	267
	377
	15
	95
	32.78
	16.03

	299
	377
	15
	120
	33.13
	18.06

	336
	377
	15
	120
	33.55
	18.06

	377
	377
	15
	120
	34.03
	18.06


3
Cubic Metric Summary
Table 6 summarizes the minimum and maximum of cubic metrics for Cases 3-1 through 3-6 for different ∆T2TP  (10dB to 16dB). The region of interest is split into 2 regions: 
· Total Traffic to Pilot (T2P) Ratio across all 4 E-DPDCH codes < 16 dB

· Total Traffic to Pilot (T2P) Ratio across all 4 E-DPDCH codes > 16 dB

Table 6: Cubic Metric Summary –16-QAM
	Uplink Channel Gain Settings
	T2P (4 codes)
 < 16 dB
	T2P (4 codes) 
> 16 dB

	
	CM [dB]
	CM [dB]

	Case
	βhs
	∆T2TP [dB]
	βed,1 , βed,2 ,  βec
	Min
	Max
	Min
	Max

	3-1
	0
	10
	See Table 3
	2.87
	2.89
	2.85
	2.99

	3-2 ~ 3-6
	> 0
	10
	See Table 3
	2.91
	3.20
	2.85
	3.00

	3-1
	0
	11
	See Table 4
	2.84
	2.88
	2.83
	2.94

	3-2 ~ 3-6
	> 0
	11
	See Table 4
	2.88
	3.14
	2.83
	2.95

	3-1
	0
	12
	See Table 5
	2.84
	2.85
	2.80
	2.95

	3-2 ~ 3-6
	> 0
	12
	See Table 5
	2.87
	3.11
	2.80
	2.95

	3-1
	0
	13
	See Table 6
	2.80
	2.82
	2.78
	2.91

	3-2 ~ 3-6
	> 0
	13
	See Table 6
	2.85
	3.07
	2.78
	2.94

	3-1
	0
	14
	See Table 7
	2.80
	2.81
	2.76
	2.90

	3-2 ~ 3-6
	> 0
	14
	See Table 7
	2.84
	3.01
	2.76
	2.93

	3-1
	0
	15
	See Table 8
	2.77
	2.77
	2.75
	2.89

	3-2 ~ 3-6
	> 0
	15
	See Table 8
	2.81
	2.97
	2.74
	2.92

	3-1
	0
	16
	See Table 9
	N/A
	N/A
	2.73
	2.88

	3-2 ~ 3-6
	> 0
	16
	See Table 9
	N/A
	N/A
	2.73
	2.91


 4
Observations

· We observe that for gain factor settings such that Total Traffic to Pilot (T2P) Ratio across all 4 E-DPDCH codes < 16 dB

· As we vary ∆T2TP from 10dB to 16dB, and as we vary  βhs from 12/15 to 30/15

· The maximum of the cubic metric ranges from 2.97 dB to 3.20 dB.

· The minimum of the cubic metric ranges from 2.81 dB to 2.87 dB.
· As we vary ∆T2TP from 10dB to 16dB, and if  βhs=0
· The maximum of the cubic metric ranges from 2.77 dB to 2.89 dB.

· The minimum of the cubic metric ranges from 2.77 dB to 2.87 dB.
· In other words, there is not much sensitivity in the cubic metric when βhs=0.
·  We observe that for gain factor settings such that Total Traffic to Pilot (T2P) Ratio across all 4 E-DPDCH codes > 16 dB

· As we vary ∆T2TP from 10dB to 16dB, and as we vary  βhs from 12/15 to 30/15

· The maximum of the cubic metric ranges from 2.89 dB to 3.00 dB.

· The minimum of the cubic metric ranges from 2.73 dB to 2.85 dB.

· As we vary ∆T2TP from 10dB to 16dB, and if  βhs=0

· The maximum of the cubic metric ranges from 2.88 dB to 2.99 dB.

· The minimum of the cubic metric ranges from 2.73 dB to 2.85 dB.
5
Conclusion
A detailed analysis of cubic metrics was performed for 16-QAM assuming a boosted E-DPCCH. This analysis is in accordance with the latest versions of the CRs to incorporate 16QAM into the PHY layer specifications [7][8]. The choice of gain settings on E-DPDCH (βed,1 and βed,2 ) and E-DPCCH(βec ) were based on the ranges identified as meaningful from the link analysis performed on 16-QAM in [4], [5] as well as all the allowable beta gain factor combinations due to the ∆T2TP setting.
When the total Traffic to pilot (T2P) ratio across all the 4 E-DPDCH codes is greater than 16dB, the cubic metric is bounded by 3dB. Otherwise, the cubic metric can be as high as 3.20 dB. 
Since, we do not expect to operate 16-QAM for total traffic to pilot ratio less than 16 dB together with the fact that a higher CM is observed for such cases, we recommend limiting the allowed beta gain factor combinations to cases where total T2P ratio is greater than 16dB. 
The eliminated combinations are highlighted in blue in Tables 3 through 9.
6
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