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1 Introduction
Link adaptation is an essential element in E-UTRA [1]. The scheduler adapts transmission bandwidth, transmission power, modulation and coding scheme to the link quality. The larger the signal constellation size of the modulation scheme and the higher the code rate, the higher is the possible spectrum efficiency. On the other hand, the required transmit power increases with bandwidth, constellation size and code rate. Link adaptation therefore includes the steps of selecting the appropriate modulation and coding scheme for the anticipated received power and the frequency selectivity of the channel.

Uplink coverage is limited by the maximum output power of the UE. The maximum output power in turn depends on the signal characteristics due to e.g. modulation scheme and spectrum shaping. 
π/2-BPSK and QPSK have the smallest constellation sizes considered for E-UTRA uplink. The power de-rating is significantly lower for π/2-BPSK than for QPSK in the absence of spectrum shaping: the cubic metric is 0.2 dB and 1.0 dB, respectively [2][3]. Measurements in a companion paper [4] indicate that the difference in power de-rating is higher, about 1.2 dB. 
Both π/2-BPSK and QPSK can be combined with spectrum shaping to further decrease the power de-rating [2][3]. Spectrum shaping implies either reduced modulated symbol rate and hence a less efficient channel coding and/or inter-symbol interference in case the resulting pulse-shape is not a Nyquist pulse after the matched filter in the receiver. For a given data rate and bandwidth, both effects of spectrum shaping tend to increase the required received average SNR [3][5]. However, the effect is expected to be small at low code rates.
In this contribution, we compare the required SNR for various data rates and bandwidths, for both π/2-BPSK and QPSK. We further compare the power de-rating for the two modulation schemes. 
In Section 2, we describe the link-level simulations setup. In Section 3, the simulation results are presented. In Section 4, we discuss the simulation results and the power de-rating for π/2-BPSK and QPSK. Finally, we conclude the contribution in Section 5.
2 Link-Level Simulation Setup
The required average SNR for BLER=0.1 has been obtained by link-level simulations for a set of modulation schemes and spectrum-shaping functions.

The frame format is according to [1], Table 9.1.1-1. Other simulation parameters are given in Table 1 and spectrum-shaping function-dependent parameters are shown in Table 2.
Table 1 Simulation parameters

	Parameter
	Value

	Propagation channel
	Typical Urban 3 km/h

	Noise bandwidth
	4.5 MHz

	Receive antennas
	2 

	No. of occupied subcarriers
	96, 300

	Channel estimation
	Ideal

	Modulation scheme
	π/2-shifted BPSK,  QPSK

	Channel coding
	UTRA Rel’ 6  Turbo coding

	HARQ
	No


Table 2 Spectrum-shaping function-dependent parameters

	Spectrum-shaping function
	Rectangular, Kaiser window 
	RRC

	Coded bit rate 

for 300 (96) sub-carriers
	π/2-BPSK: 3.6 (1.15) Mbps QPSK: 7.2 (2.3) Mbps
	4.8(1.46)


3 Simulation Results
Results for the average required SNR from the simulations are given in Tables 3 and 4, for 1.44 MHz and 4.5 MHz bandwidth, respectively. For each bandwidth two date rates are simulated. For given information bit rate and bandwidth the code rate depends on the modulation scheme and spectrum shaping as indicated in the Tables.
The following observations can be made from the results in the two Tables: at the data rate corresponding to code rate 1/3 for π/2-BPSK (left columns) the required SNR for π/2-BPSK and QPSK is very similar (within 0.3 dB for the same spectrum-shaping function). The required average SNR is 0.1-0.5 dB higher for the Kaiser window compared to the rectangular window. However, for the data rate corresponding to code rate 2/3 for π/2-BPSK (right columns) the required SNR for π/2-BPSK is 1.5-1.9 dB higher than for QPSK. 
Table 3 Required average SNR in dB for 96 sub-carriers
	Modulation scheme and 

spectrum shaping function
	Data rate

	
	0.384 Mbps
	0.768 Mbps

	
	SNR (dB)
	Code rate
	SNR (dB)
	Code rate

	π/2-BPSK: Rectangular
	-6.5
	1/3
	-1.9
	2/3

	π/2-BPSK: Kaiser (β=2.5)
	-6.0
	1/3
	-1.3
	2/3

	QPSK: Rectangular
	-6.6
	1/6
	-3.6
	1/3

	QPSK: Kaiser (β=2)
	-6.3
	1/6
	-3.2
	1/3

	QPSK: RRC (α=0.5)
	-6.3
	1/4
	-2.6
	1/2


Table 4 Required average SNR in dB for 300 sub-carriers
	Modulation scheme and 

spectrum shaping function
	Data rate

	
	1.2 Mbps
	2.4 Mbps

	
	SNR (dB)
	Code rate
	SNR (dB)
	Code rate

	π/2-BPSK: Rectangular
	-3.7
	1/3
	1.0
	2/3

	π/2-BPSK: Kaiser (β=2.5)
	-3.6
	1/3
	1.5
	2/3

	QPSK: Rectangular
	-3.6
	1/6
	-0.5
	1/3

	QPSK: Kaiser (β=2)
	-3.3
	1/6
	-0.2
	1/3

	QPSK: RRC (α=0.5)
	-3.5
	1/4
	0.3
	1/2


4 Discussion
According to our simulations (Tables 3 and 4, left columns) the required SNR differs less than 0.3 dB between π/2-BPSK and QPSK for the same data rate and spectrum-shaping function when the code rate for π/2-BPSK equals 1/3. For the same cases, spectrum-shaping with the Kaiser window increases the required SNR with at most 0.5 dB.
In our companion paper [4] measurement results show 

· power de-rating reduction of 1.2 dB for π/2-BPSK compared to QPSK without spectrum shaping. 
· further reduction in power de-rating of 1.6 dB for π/2-BPSK using spectrum shaping with a Kaiser window
· higher maximum output power for the WCDMA reference signal than for any QPSK-modulated signal.
Hence, the reduction in power de-rating is about 1 dB larger than the increase in required SNR for each of the two steps: changing the modulation scheme from QPSK to π/2-BPSK and applying spectrum shaping with the Kaiser window.
According to the requirements E-UTRA should meet the performance targets for user throughput and spectrum efficiency reusing the same UTRAN sites [6]. It is therefore desirable that the maximum output power of the E-UTRA signals is at least as high as that for WCDMA.
5 Conclusions
Based on the simulated required average SNR, modeled and measured power de-rating we propose to 
· use π/2-BPSK for E-UTRA uplink 
· apply spectrum shaping with the Kaiser window as spectrum-shaping function for π/2-BPSK

to achieve wide-area coverage in E-UTRA uplink.
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