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1 Introduction

Work item for uplink dual-carrier HSUPA was launched in RAN plenary meeting #43 [1]. The following UTRA multicarrier extensions were agreed to be specified to Release 9 in [1] for uplink dual-carrier HSUPA:
· The dual carrier transmission only applies to HSUPA UL physical channels and DPCCH
· The carriers belong to the same Node-B and are on adjacent carriers
· Operation with at least 2 carriers configured simultaneously in downlink. In this case the duplex distance between uplink carrier n and downlink carrier n will respect single carrier rules
In this paper we analyse cubic metric (CM) in dual carrier HSUPA. We illustrate the increase in CM due to dual carrier transmission and look at the impact of the HS-DPCCH design and usage of DCH as well as how difference of total transmission power levels on carriers affect on CM is analysed.
2 Modeling
In [2] cubic metric is defined for WCDMA signal as follows:

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
Signal of each carrier is generated and RRC filtered independently. Channel configurations of carriers are described in chapter 3. Dual carrier 10 MHz signal is generated so that one signal is frequency shifted by 2.5 MHz and the other by –2.5 MHz after which the signals are summed together. Cubic metric for the dual carrier signal is calculated from the composite signal of 10 MHz according to description above without rounding to closest 0.5 dB. No RF chain impairments have been taken into account.
3 Assumptions and parameters
In this section we present the assumptions used to derive the CM results. 

In these the 2ms TTI has been assumed. In each 2 ms TTI UE selects randomly one of the E-DCH bitrates for each carrier independently. For each non-zero bitrate we have a corresponding βec. As HS-DPCCH design choice is still under discussion in RAN1 two options for HS-DPCCH are evaluated: carrier specific HS-DPCCH (HS1) and one HS-DPCCH for each of the two  downlink carriers (HS2) βhs is selected randomly from the set of HS-DPCCH gain factors and depending on the settings UE may send HS-DPCCH only on one of the carriers or on both carriers.  DCH is either active (DCH1) or inactive (DCH0) and when active it is sent on one carrier only. One βd is used when DCH is active. Total transmission power of dual carrier transmission equals to total transmission power of single carrier transmission. When transmitting on two carriers, also cases with transmission power difference were evaluated. In case of a power difference HS-DPCCH was always set on the carrier with higher power.  Table 1 summarizes the simulation parameters.
Table 1 Simulation parameters
	E-DCH parameters
	Bitrate [kbps]
	0
	1450
	1900
	2304
	2880
	3456
	4032
	4608

	
	Modulation
	NA
	BPSK
	BPSK
	BPSK
	BPSK
	BPSK
	BPSK
	4-PAM

	
	Ch. conf.
	NA
	2xSF2
	2xSF2 + 2xSF4
	2xSF2 + 2xSF4
	2xSF2 + 2xSF4
	2xSF2 + 2xSF4
	2xSF2 + 2xSF4
	2xSF2 + 2xSF4

	
	βed,1&2
	0
	66.5
	62.1
	68.4
	76.5
	83.8
	90.5
	174.8

	
	βed,3&4
	0
	0
	43.9
	48.4
	54.1
	59.2
	64.0
	123.6

	
	βec
	0
	19
	24
	24
	24
	24
	24
	74.3


	βc
	15

	βd
	21

	βhs
	[0 12 15 19 24]

	Total power difference between carriers [dB]
	[0 -6 -12]


4 Results

In the following figure (Figure 1) CDF of cubic metric over all the combinations of parameter settings is depicted. It can be observed that cubic metric is at its highest when the total transmission powers of dual carrier transmission (DC) are equal and that cubic metric goes towards results of single carrier transmission (SC) as power difference between carriers increases. Whether the HS-DPCCH is sent on single (HS1) or on both (HS2) doesn’t have big impact on the cubic metric of dual carrier transmission when no DCH is sent (DCH0). The difference is larger when the power difference between the carriers is larger. However when DCH is sent (DCH1) one can see difference in cubic metric between different HS-DPCCH assumptions. The difference of cubic metric increases between (HS1) and (HS2) cases as total transmission power difference between carriers increase. 
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Figure 1 Cubic metric comparison between single and dual carrier uplink transmission sending HS-DPCCH on one or both carriers. 

Table 2 shows min, max and mean cubic metric value for each simulated case. Cubic metric values follow above mentioned trend that the more balanced total transmission powers of carriers the higher cubic metric is. 
Table 2 Min, max and mean cubic metric values
	Case
	Min
	Max
	Mean

	SC DCH0
	0
	2.52
	1.72

	SC DCH1
	0
	2.71
	1.77

	DC 0 dB HS1 DCH0
	0.93
	3.02
	2.42

	DC 0 dB HS1 DCH1
	0.65
	3.01
	2.40

	DC 0 dB HS2 DCH0
	0.92
	3.01
	2.44

	DC 0 dB HS2 DCH1
	0.64
	4.01
	2.42

	DC -6 dB HS1 DCH0
	0.61
	2.90
	2.24

	DC -6 dB HS1 DCH1
	0.53
	2.90
	2.22

	DC -6 dB HS2 DCH0
	0.62
	3.42
	2.30

	DC -6 dB HS2 DCH1
	0.53
	3.55
	2.28

	DC -12 dB HS1 DCH0
	0.52
	2.72
	1.98

	DC -12 dB HS1 DCH1
	0.48
	2.72
	1.96

	DC -12 dB HS2 DCH0
	0.52
	3.07
	2.08

	DC -12 dB HS2 DCH1
	0.48
	3.16
	2.06


5 Conclusions
Cubic metric analysis was provided for single carrier and dual carrier transmission. Obviously dual carrier transmission leads to higher cubic metric. The difference to single carrier results depends on the balance of total transmission powers of carriers. The more balanced transmission powers the higher cubic metric was observed. In addition it was observed that if DCH is sent affects on the cubic metric, also on the difference seen between different HS-DPCCH designs. 
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