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1. Introduction
In the last two meetings, some companies presented contributions exploring the utility of Higher Order Modulations (HOMs), specifically 16-QAM, in HSPA uplink. In the last WG1 meeting #46-BIS in Seoul, we presented cubic metrics (CM) of sample waveforms with QPSK and 16-QAM modulations [1] on E-DPDCH to assess the impact on maximum power reduction (MPR). For accurate assessment of network level gains with the inclusion of HOMs, the MPRs associated with possible waveforms (with different sets of beta factors) must be taken into account, in addition to practical channel estimation (PCE) and practical SIR estimation for the power control loop. In this contribution, we present a more comprehensive analysis of the possible range of cubic metrics when HOMs are applied on E-DPDCH. In addition to 16-QAM modulation, we also consider 8-PSK modulation in our analysis.    
2. Simulation Assumptions

The large range of possible power offsets for the uplink physical channels makes exhaustive cubic metric calculations tedious, if not prohibitive. The number of possible combinations can be reduced significantly if we focus on the subset of realistic power offsets that occur in a practical network. It is well known that the power offset of a data bearing uplink channel (such as DPDCH, E-DPDCH, E-DPCCH and HS-DPCCH) relative to DPCCH must be optimized so that the required
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is the energy per information bit including the DPCCH power) for the data channel is minimized [2]. The enhanced uplink physical channel test cases given in [3] – where the 
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factors should have been optimized for practical usage – can be used a reference point for this purpose. The parameters for these test cases are summarized in Table 1.
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FRC1 2 4 4 0 0 8.94 2.05

FRC2 2 2 2 0 0 9.92 4.08

FRC3 2 2 2 4 4 6.02 0

FRC4 10 4 0 0 0 8.94 -1.94

FRC5 10 4 4 0 0 8.95 -1.94

FRC6 10 2 2 0 0 9.92 -5.46

FRC7 10 16 0 0 0 6.02 0


Table 1 – Parameters of Enhanced Uplink Test Cases (Extracted from [3])

Since we are interested in cubic metric of enhanced uplink waveforms, the analysis is simplified by excluding DPDCH. The power offsets of E-DPCCH and E-DPDCH used in the uplink fixed reference channels are tabulated in Table 1. The higher order modulations are more likely to be used with high rate channels and hence the fixed reference channels FRC1-3 were chosen for analysis purposes. The power offset of E-DPCCH was fixed at the values given in Table 1. Since E-DPDCH power offset will depend on the MCS deployed on it, we study increase in cubic metric for HOMs as a function of this power offset.

Also, from the test case for HS-DPCCH in [3], we know that 0 dB is a typical power offset of HS-DPCCH with respect to DPCCH.
Based on the discussion above, we study three test cases whose parameters are summarized in Table 2. 
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1 4 4 0 0 Variable 2.05 0 -

2 2 2 0 0 Variable 4.08 0 -

3 2 2 4 4 Variable 0 0 -


Table 2 – Simulation Parameters
3. Cubic Metric Results

In this section we present results showing the variation of cubic metric with E-DPDCH power offset. It must be noted that the in-phase and quadrature components of the modulation symbols were normalized separately before the application of the beta factor. In obtaining the results presented in this section, we assumed that the definition of cubic metric as given in [4] applies to HOMs without any alteration. This can be justified to some extent based on the analysis provided in [5]. For test case 1, with two SF4 codes in the upper half of the code tree, using a 
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factor of 1.88 for HOMs might not be completely justified because HPSK will not be effective in reducing the peak to average ratio (PAR) of signals with HOMs. In the absence of a definitive analysis with regard to this, we show results with both 
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factors (1.88 and 1.56) for Test Case 1 and actual cubic metric should lie between these two bounds. 
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Figure 1 – Cubic Metric for Test Case 1
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Figure 2 – Cubic Metric for Test Case 2
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Figure 3 – Cubic Metric for Test Case 3

Figure 1, Figure 2 and Figure 3 show the results for Test Case1, Test Case 2 and Test Case 3 respectively. It can be observed that cubic metric of waveform with 16-QAM is almost flat as a function of E-DPDCH power offset and is 0.2 – 1.3 dB higher than the cubic metric of corresponding waveforms with QPSK. On the other hand, using 8-PSK on E-DPDCH has minimal impact on the cubic metric of the waveforms under study. From the cubic metric results presented for a limited set of probable uplink code configurations, it can be seen that the maximum cubic metric is around 3 dB for 16-QAM. This value could potentially rise if the DPDCH is included in the analysis, or HS-DPCCH and E-DPCCH power offsets other than the ones chosen in our analysis, are applied. Further work is therefore required to assess the full range of possible cubic metrics when HOMs are applied on E-DPDCHs. Note here that since network level gains with HOMs are potentially applicable only at data rates not supported by QPSK, the range of E-DPDCH offsets and spreading factor combinations could potentially be restricted. 
4. Conclusions

In this contribution, we analysed the impact on cubic metric of uplink waveforms when HOMs are applied on E-DPDCH. From the limited set of waveforms (without DPDCH) that were analysed in this contribution, the maximum cubic metric was around 3dB with 16-QAM on the E-DPDCH. It can be seen that 8-PSK may have some advantages over 16-QAM in terms of MPR. A more complete analysis of the range of applicable cubic metrics (including waveforms with DPDCH) over the range of spreading factors and E-DPDCH power offsets at which HOMs deliver performance enhancement to the HSPA uplink will be presented in the next WG1 meeting. A final assessment of the combined impact of modulation-specific MPR values, practical channel estimation and SIR estimation on uplink network level gains from HOM is required to complete this study
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� E-DPDCH /DPCCH power ratio is calculated for a single E-DPDCH. In the case of FRC3, E-DPDCH/DPCCH power ratio is calculated for a single E-DPDCH with SF 4. Also, in this case, the power of an E-DPDCH with SF2 is twice that of an E-DPDCH with SF4. 
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