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1 Introduction
In the last RAN4 meeting, power imbalance of the two carriers for DC-HSUPA was discussed, and a rectified cubic metric formula was proposed in [1]. In this document, we analyze the rectified cubic metric for DC-HSUPA and provide our considerations. 
2 Discussion
The power imbalance between the two carriers is assumed in the following Table 1.
Table 1  DPCCH power imbalance between carriers for test traffic service
	20*log10(βc,1/βc,2) [dB]

	0

	4

	8


In TS25.101, Cubic Metric (CM) is based on the UE transmit channel configuration and is given by

CM = CEIL { [20 * log10 ((v_norm 3) rms) - 20 * log10 (v_norm_ref 3) rms)] / k, 0.5 }

Where

-
CEIL { x, 0.5 } means rounding upwards to closest 0.5dB, i.e. CM  [0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5]

-
k is 1.85 for signals where all channelisations codes meet the following criteria CSF, N where N< SF/2

-
k is 1.56 for signals were any channelisations codes meet the following criteria CSF, N where N ≥ SF/2

-
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
In the document [1], the modified CM for DC-HSUPA is as following:


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

-
CEIL { x, 0.23 } means rounding upwards to closest 0.23dB
-
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 UE transmitter diagram is shown in Figure 1 (quoted from [1]), where the cubic metric statistic module is placed before the DAC. The simulation results of cubic metric are shown in Table 2, and the provided traffic services in Table 2 are defined in protocol.

From Table 2, it can be observed that the impact of power imbalance to CM values is subtle. 
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Figure 1  UE transmitter diagram for DC-HSUPA

Table 2  Simulation results of CM values for power imbalance between the two carriers
	Fixed Reference Channel
	Imbalance [dB]
	New defined
	Original defined

	
	
	
	

	FRC1
	0
	1.02
	0.91

	
	4
	1.06
	0.95

	
	8
	1.09
	0.97

	FRC2
	0
	1.19
	1.26

	
	4
	1.21
	1.28

	
	8
	1.22
	1.29

	FRC3
	0
	2.09
	2.21

	
	4
	2.11
	2.24

	
	8
	2.12
	2.25

	FRC4
	0
	1.22
	1.09

	
	4
	1.2
	1.07

	
	8
	1.16
	1.04

	FRC5
	0
	0.78
	0.7

	
	4
	0.82
	0.74

	
	8
	0.86
	0.77

	FRC6
	0
	0.58
	0.52

	
	4
	0.62
	0.55

	
	8
	0.65
	0.58

	FRC7
	0
	1.88
	1.68

	
	4
	1.82
	1.62

	
	8
	1.76
	1.57


3 Conclusion 

In this contribution, we analyzed the rectified cubic metric for DC-HSUPA. Based on a series of reasonably selected test traffic services from FRC1 to FRC7, the CM value is invariant to power imbalance. It is thus considered that the cubic metric and MPR are not limiting factors for power imbalance between carriers of DC-HSUPA.
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Table A.11 E-DPDCH Fixed reference channel 1 (FRC1)
	Parameter
	Unit
	Value

	Maximum. Inf. Bit Rate 
	kbps
	1353.0

	TTI
	ms
	2

	Number of HARQ Processes
	Processes
	8

	Information Bit Payload (NINF)
	Bits
	2706

	Binary Channel Bits per TTI (NBIN)
(3840 / SF x TTI sum for all channels)
	Bits
	3840

	Coding Rate (NINF/ NBIN)
	
	0.705

	Physical Channel Codes
	SF for each physical channel
	{4,4}

	E-DPDCH testing:
E-DPDCH/DPCCH power ratio
E-DPCCH/DPCCH power ratio 
	
 dB
 dB
	
Diversity: 8.94 

Diversity: 2.05 


Table A.12 E-DPDCH Fixed reference channel 2 (FRC2)
	Parameter
	Unit
	Value

	Maximum. Inf. Bit Rate 
	kbps
	2706.0

	TTI
	ms
	2

	Number of HARQ Processes
	Processes
	8 

	Information Bit Payload (NINF)
	Bits
	5412

	Binary Channel Bits per TTI (NBIN)
(3840 / SF x TTI sum for all channels)
	Bits
	7680

	Coding Rate (NINF/ NBIN)
	
	0.705

	Physical Channel Codes
	SF for each physical channel
	{2,2}

	E-DPDCH testing: 
E-DPDCH/DPCCH power ratio
E-DPCCH/DPCCH power ratio
	
 dB
 dB 
	
Diversity: 9.92
Diversity: 4.08


Table A.13 E-DPDCH Fixed reference channel 3 (FRC3)
	Parameter
	Unit
	Value

	Maximum. Inf. Bit Rate 
	kbps
	4050.0

	TTI
	ms
	2 

	Number of HARQ Processes
	Processes
	8 

	Information Bit Payload (NINF)
	Bits
	8100

	Binary Channel Bits per TTI (NBIN)
(3840 / SF x TTI sum for all channels)
	Bits
	11520

	Coding Rate (NINF/ NBIN)
	
	0.703

	Physical Channel Codes
	SF for each physical channel
	{2,2,4,4}

	E-DPDCH testing:
E-DPDCH/DPCCH power ratio
E-DPCCH/DPCCH power ratio
	
 dB
 dB
	
Diversity: 6.02
Diversity: 0.0


Table A.14 E-DPDCH Fixed reference channel 4 (FRC4)
	Parameter
	Unit
	Value

	Maximum. Inf. Bit Rate 
	kbps
	507.6

	TTI
	ms
	10

	Number of HARQ Processes
	Processes
	4

	Information Bit Payload (NINF)
	Bits
	5076

	Binary Channel Bits per TTI (NBIN)
(3840 / SF x TTI sum for all channels)
	Bits
	9600

	Coding Rate (NINF/ NBIN)
	
	0.529

	Physical Channel Codes
	SF for each physical channel
	{4}

	E-DPDCH testing: 
E-DPDCH/DPCCH power ratio
E-DPCCH/DPCCH power ratio 
	
 dB
 dB
	
Diversity: 8.94
Diversity: -1.94


Table A.15 E-DPDCH Fixed reference channel 5 (FRC5)
	Parameter
	Unit
	Value

	Maximum. Inf. Bit Rate 
	kbps
	978.0

	TTI
	ms
	10

	Number of HARQ Processes
	Processes
	4

	Information Bit Payload (NINF)
	Bits
	9780

	Binary Channel Bits per TTI (NBIN)
(3840 / SF x TTI sum for all channels)
	Bits
	19200

	Coding Rate (NINF/ NBIN)
	
	0.509

	Physical Channel Codes
	SF for each physical channel
	{4,4}

	E-DPDCH testing:
E-DPDCH/DPCCH power ratio
E-DPCCH/DPCCH power ratio

	
 dB
 dB
	
Diversity: 8.94
Diversity: -1.94 


Table A.16 E-DPDCH Fixed reference channel 6 (FRC6)
	Parameter
	Unit
	Value

	Maximum. Inf. Bit Rate 
	kbps
	1927.8

	TTI
	ms
	10

	Number of HARQ Processes
	Processes
	4

	Information Bit Payload (NINF)
	Bits
	19278

	Binary Channel Bits per TTI (NBIN)
(3840 / SF x TTI sum for all channels)
	Bits
	38400

	Coding Rate (NINF/ NBIN)
	
	0.502

	Physical Channel Codes
	SF for each physical channel
	{2,2}

	E-DPDCH testing:
E-DPDCH/DPCCH power ratio
E-DPCCH/DPCCH power ratio
	
 dB
 dB
	
Diversity: 9.92
Diversity: -5.46


Table A.17 E-DPDCH Fixed reference channel 7 (FRC7)
	Parameter
	Unit
	Value

	Maximum. Inf. Bit Rate 
	kbps
	69.0

	TTI
	ms
	10

	Number of HARQ Processes
	Processes
	4

	Information Bit Payload (NINF)
	Bits
	690

	Binary Channel Bits per TTI (NBIN)
(3840 / SF x TTI sum for all channels)
	Bits
	2400

	Coding Rate (NINF/ NBIN)
	
	0.288

	Physical Channel Codes
	SF for each physical channel
	{16}



	E-DPDCH testing:
E-DPDCH/DPCCH power ratio
E-DPCCH/DPCCH power ratio
	
 dB
 dB
	
Diversity: 6.02
Diversity: 0.0




















































































































































































































