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1
Introduction

RAN #34 has approved a work item on Higher Order Modulation for HSUPA ‎[1].
Cubic Metric results for 16QAM for HSUPA have already been provided in ‎[2]. This contribution contains the following further results:

· A comparison between the spreading factor combinations SF2+SF4 and 3xSF4 proposed in ‎[3]
· A comparison between three alternatives for enhanced phase reference proposed in ‎[4]
2
Comparison between SF2+SF4 and 3xSF4

The difference in Cubic Metric (CM) between the 3xSF4 and SF2+SF4 for all possible beta factor combinations is shown in Figure 1. We see that SF2+SF4 always have a lower CM than 3xSF4. The difference in CM is between 0 dB and 0.5 dB.
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Figure 1: Difference in CM between 3xSF4 and SF2+SF4 for all possible beta factor combinations

The first 310 combinations correspond to the case without an HS-DPCCH. The CM for these combinations is shown in Figure 2. The seen shape of the curves is characteristic also for the case with an HS-DPCCH and shows a difference of at least 0.25 dB for most power offset combinations.
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Figure 2: CM for 3xSF4 (dashed) and SF2+SF4 (solid) for all beta factor combinations without HS-DPCCH
In order to consider a more specific example, we assume that the power offsets are chosen as P(DPCCH) = 10 dB, P(E-DPCCH) = 2 dB, P(HS-DPCCH) = 0 dB and P(E-DPDCH) = 16 dB. The CM in this example is 2.82 dB for SF2+SF4 and 3.25 dB for 3xSF4. The difference in CM in this case is 0.42 dB.
3
Comparison between methods for enhanced phase reference
The following enhanced phase reference methods are described in ‎[4]:
· Boosting the DPCCH power

· Boosting the E-DPCCH power

· An additional DPCCH
We limit the investigation to the physical channel configuration shown in Table 1. The branch and channelization code for the additional DPCCH was chosen to obtain a low Cubic Metric (CM).
Table 1: Physical channel configuration considered
	Physical channel
	Spreading factor 
	Branch
	Code
	Nominal power offset

	DPCCH
	256
	Q
	0
	0 dB

	E-DPCCH
	256
	I
	1
	2 dB

	Second DPCCH 
	256
	I
	39
	-999 dB (i.e. OFF)

	HS-DPCCH
	256
	Q
	33
	0 dB

	E-DPDCH
	4, 4, 2, 2
	I, Q, I, Q
	1, 1, 1, 1
	10 dB – 30 dB


The CM as a function of the E-DPDCH power offset, for the different boosting methods, is shown in Figure 3. The figure shows that the CM for E-DPDCH power offsets above 15 dB increases with the power boost. The increase for a 20 dB phase reference boost is up to 0.25 dB. The difference between different boosting methods is very small. The difference between the best (DPCCH boosting) and the worst (second DPCCH) is typically less than 0.02 dB, when the power boost is below 20 dB.
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Figure 3: CM as a function of E-DPDCH power offset, for different boosting methods, when the boost power is 0 dB, 5 dB, 10 dB, 15 dB and 20 dB. 

4
Conclusions

The Cubic Metric is consistently smaller for SF2+SF4 than for 3xSF4. The reduction is typically between 0.25 dB and 0.5 dB. It is therefore proposed to choose SF2+SF4 and not 3xSF4 for 16QAM.

The CM for the different boosting methods presented in ‎[4] is very similar. The choice of method should therefore be based on other considerations such as power control performance and complexity of transmission/reception.
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