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1. Introduction
TSG RAN has approved the SI description on "Scope of future FDD HSPA Evolution" ‎[1]. One of the objectives is to identify potential solutions for improving throughput and spectrum efficiency within the existing 5-MHz bandwidth, and to make recommendations for future HSPA Evolution WIs.

One way to achieve higher peak data rates is to introduce higher-order modulation for HSDPA/HSUPA, as suggested in ‎[2] and ‎[3].
This report presents HSUPA link-level simulation results for 16QAM with low and high dispersion channels. In addition, the impact of transmitter distortion is considered. Corresponding system-level simulation results can be found in ‎[4].
2. 16QAM for E-DPDCH
In 3GPP Release 6, the modulation used for the uplink is BPSK and high rates are obtained by transmitting multiple parallel channelization codes with low spreading factor. In Release 6 the theoretical peak rate is limited to 5.76 Mbps, attainable with coding rate equal 1. Using the same number of channelization codes, significantly higher rates can be obtained by introducing 16QAM. With 16QAM, the theoretical peak rate is 11.52 Mbps. Introduction of 16QAM is only considered together with 2 ms TTI.
The introduction of higher-order modulation, besides providing higher rates than BPSK in the band limited scenario, is also advantageous in obtaining high rates when the UE is power limited. In the power limited scenario, the choice of using BPSK or higher-order modulation, would be a trade-off between the Eb/N0 requirement needed to achieve a certain rate, the coding gain and the HARQ. By using a high initial data rate and additional retransmissions, 16QAM can be more power efficient than BPSK. Simulation results of a dispersive channel show the advantage of using 16QAM for rates between 4 Mbps and 5.5 Mbps, which is a power limited region.

The introduction of 16QAM requires additional support in terms of rate matching and HARQ, e.g. larger transport block sizes will be necessary. The E-DCH scheme for modulation/coding is similar to the one in Release 6. Data are split into parallel streams and sent to the 16QAM modulators. At the modulator output, the real and imaginary parts are then spread using different channelization codes. The spread data are then scaled by the βed factor. The resultant signals on the I and Q branches are further multiplied by complex-valued scrambling code. Note that after the splitting in real and imaginary parts of the data at the output of the 16QAM modulator, conventional operations of spreading and scrambling follow ‎[4].
From a signaling perspective, which modulation scheme would be used by the UE has to be signaled on the E-DPCCH. No further changes to E-DCH are proposed in this contribution.
3. Simulation results
We use link level simulations to study the benefits of introducing 16QAM in the uplink. The transmitter uses six parallel codes with spreading factor 4. This configuration gives similar results as a configuration ‎[4] with fewer (2 or 4) parallel codes with different spreading factors (2 or 4). The TTI is 2 ms.  Our simulations assume an ideal type 3 receiver (LMMSE), which is a linear 2-antenna receiver that suppresses own-signal interference.  The amplitude used in the 16QAM demodulator is estimated.
Figures 1 – 3 show throughput results versus Ec/N0 (Ec is the total energy per chip period and N0 is the noise power spectral density) for AWGN channel and two dispersive channels: Pedestrian A ‎[6], and Typical Urban ‎[7]. Pedestrian A might be more representative than the highly dispersive Typical Urban for environments where 16QAM is likely to be usable in practice.
In each Figure, one curve shows the throughput obtained when using BPSK modulation only, and the other curve shows the throughput when using BPSK and 16QAM for E-DPDCH. It is assumed that the choice of initial data rate, code rate, number of retransmissions, and modulation is optimized with respect to maximum data rate at each Ec/N0 value (ideal link adaptation). Power control is on for the dispersive channels. The beta settings for DPCCH, E-DPCCH and E-DPDCH are set as βc = 0.4667, βec = 0.233, and βed = 1.16, respectively. Note that the beta settings are not scaled with the transport format and therefore the throughput results tend to be pessimistic. The highest coding rate simulated is 0.95 which gives a peak rate of 5.5 Mbps with BPSK and 11 Mbps with 16QAM. Simulation parameters are collected in Table 1.
Table 1. Simulation parameters
	Parameter
	Value

	BS receiver type
	Type 3 (LMMSE) ideal

	16QAM demodulator amplitude
	estimated

	TTI
	2ms

	16QAM
	Coding rate
	0.34
	0.47
	0.6
	0.69
	0.78
	0.86
	0.95

	
	Transmission rate (Mbps)
	4
	5.5
	7
	8
	9
	10
	11

	BPSK
	Coding rate
	0.69
	0.95

	
	Transmission rate (Mbps)
	4
	5.5

	Gain parameters
	βc
	βec
	βed

	
	0.4667
	0.233
	1.16

	Channel model
	AWGN, Pedestrian A (PA), Typical Urban (TU)
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Figure 1. AWGN
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Figure 2. Pedestrian A
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Figure 3. Typical Urban
From Figure 1 to Figure 3 it can be seen that the use of 16QAM is advantageous for throughputs higher than 4 Mbps. For throughputs lower than 4 Mbps, the use of BPSK is more power efficient. For throughputs of 5.5 Mbps and beyond, BPSK becomes band limited and 16QAM is required to reach higher rates. Also in the power limited region between 4 Mbps and 5.5 Mbps, 16QAM tends to perform better than BPSK. The introduction of 16QAM then would be beneficial for throughputs above 4-5 Mbps.
4. Impact of transmitter distortion on achievable rates

With higher-order modulation, a better signal quality is required to achieve high rates. We studied the impact on performance of transmitter distortions with 16QAM. Transmitter distortion is characterized by the error vector magnitude (EVM) and the minimum requirement with BPSK for the UE is that the EVM should not exceed 17.5% ‎[6].
Figure 4 shows throughput results for the type 3 receiver for the Pedestrian A channel. Note that the loss in terms of maximum rate is in the order of 10% for an EVM of 17.5%. Losses in the order of less than 5% occur with EVM values of 10%.
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Figure 4. Impact of EVM on throughput for Pedestrian A
5. Conclusions

This contribution has shown the benefits of introducing 16QAM modulation in the uplink. Peak rates in the order of 11 Mbps can be achieved, and for data rates above 4-5 Mbps, 16QAM is more efficient than the current BPSK modulation.
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