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1. Introduction
TSG RAN has approved a study item on HSPA evolution, see ‎[1], where the goal is to improve spectrum efficiency, peak data rates and latency for HSDPA and HSUPA (E-UL).

The introduction of higher-order modulation for HSDPA/HSUPA was suggested in ‎[2] and ‎[3]. Simulation results for uplink 16QAM have been presented on both the link level ‎[4] and on the system level ‎[5].
Introduction of higher order modulation, such as 16QAM, generally increases the Cubic Metric (CM), defined in ‎[6]. The CM is an indication of the required power back-off needed in order to fulfill requirements on transmitter signal distortion. A high CM is undesirable as it reduces the maximum total output power and therefore the practical throughput. Furthermore, an additional back-off may be needed if the allowed EVM is decreased in order to improve performance at high data rates, see ‎[4]. 
This report presents CM values corresponding to QPSK and 16QAM, using the existing code configurations stated in ‎[7]. Two different scenarios with respect to power offsets are considered: the worst case and a typical case.
2. Physical Channel Configurations
We assume that higher order modulation is used on E-DPDCH only and not on DPDCH. We further assume that the same modulation is used on all E-DPDCH and that each E-DPDCH with higher order modulation occupies both the I-branch and the Q-branch of the code tree. The considered code configurations are depicted in the appendix, with an even number of E-DPDCHs. It can be noticed that we consider both QPSK and 16QAM on combined physical channels, where each E-DPDCH on the I-branch is combined with the corresponding E-DPDCH on the Q-branch. Note that the CM resulting from BPSK on the individual channels is equal to the CM resulting from QPSK on the combined channel.
3. Cubic Metric Evaluations
The CM values associated with the evaluated code and power offset combinations are presented in Table 1 and Table 2:

· The worst case values of the CM obtained by considering all the possible combinations of the power offsets specified in ‎[7], are shown in Table 1. It can be seen that 16QAM increases the CM with 0-0.5 dB with respect to QPSK. The overall worst case CM among existing configurations occurs at the highest peak rate when an HS-DPCCH is configured. Note that for this case the CM is similar for QPSK and 16QAM.
· The typical CM values are shown in Table 2. The chosen power offsets for the DPDCH, HS-DPCCH, E-DPCCH and E-DPDCH are 1.9 dB (
[image: image1.wmf]12

/

15

/

=

c

d

b

b

, SF=64), 4.1 dB (
[image: image2.wmf]15

/

24

/

=

c

hs

b

b

), 1 dB and 15 dB (SF=4, QPSK), respectively. We see that 16QAM increases the CM with about 0.7 dB in comparison with QPSK for the configuration with highest CM.

Assuming that the current Maximum Power Reduction (MPR), defined as max(CM – 1,0) rounded upwards to closest 0.5 dB, see ‎[6], will be used also for higher order modulations then the MPR, for the above typical power offsets, when an HS-DPCCH is configured, is 1 dB for 5760 kbps (Release 6) and 2 dB for 11520 kbps. 

Table 1. Worst case CM for QPSK / 16QAM on the E-DPDCH.
	Peak rate [kbps]
QPSK / 16QAM
	CM [dB] with DPDCH 
	CM [dB] w/o DPDCH

	
	with HS-DPCCH
	w/o HS-DPCCH
	with HS-DPCCH
	w/o HS-DPCCH

	1920 / 3840 
	3.01 / 3.11
	2.93  / 3.11
	2.70 / 2.77
	1.48  / 1.95

	3840 / 7680
	2.90 / 3.08
	2.93  / 3.11
	3.35 / 3.36
	2.03 / 2.53

	5760 / 11520
	-
	-
	3.43 / 3.48
	2.58 / 2.99


Table 2. Typical case CM for QPSK / 16QAM on the E-DPDCH.
	Peak rate [kbps]
QPSK / 16QAM
	CM [dB] with DPDCH 
	CM [dB] w/o DPDCH

	
	with HS-DPCCH
	w/o HS-DPCCH
	with HS-DPCCH
	w/o HS-DPCCH

	1920 / 3840 
	0.89 / 1.70
	0.78 / 1.71
	0.55 / 1.43
	0.46 / 1.41

	3840 / 7680
	0.53 / 1.48
	0.47 / 1.49
	0.43 / 1.48
	0.36 / 1.48

	5760 / 11520
	-
	-
	2.00 / 2.69
	2.00 / 2.69


4. Conclusions
Applying 16QAM in the uplink, on existing channel configurations, increases the peak data rate from 5760 kbps to 11520 kbps. The cost in terms of increased CM, for a typical power offset combination, is 0.7 dB. Another conclusion is that the current CM requirement ‎[6] is fulfilled for the 16QAM, since the worst case CM value is less than 3.5 dB.
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6. Appendix

The considered code configurations are shown in Figure 1 and Figure 2, and Table 3 depicts the peak rates for corresponding spreading factors. 
Table 3. Peak rates for QPSK and 16QAM using existing code configurations.
	SF
	Peak rate [kbps] for QPSK / 16QAM

	4
	1920 / 3840

	2
	3840 /  7680

	2 + 4
	5760 / 11520
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Figure 1 Code trees when there is no DPDCH. Removing the HS-DPCCH does not alter the remaining codes and branches.
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Figure 2
. Code trees when there is a DPDCH.
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