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1 Introduction
The uplink modulation schemes considered in the LTE study item are /2-BPSK, QPSK, 8PSK and 16QAM [1].   It is well known that QPSK and /2-BPSK require similar Eb/No. However, QPSK is 2 times bandwidth efficient than /2-BPSK. Therefore, in bandwidth limited situations, QPSK should always be preferred over /2-BPSK. However, in power limited situations /2-BPSK can be beneficial due to its lower PAPR/CM characteristic. However, a natural question to ask is if we can trade-off bandwdith efficiency of QPSK with power efficiency using spectral shaping filter for QPSK? In this paper, we provide a link performance comparison of QPSK and /2-BPSK in a bandwidth limited situation. We also provide PAPR/CM performance of /2-BPSK and QPSK with spectral shaping filter.
2 Performance Results
2.1 Simulation parameters and assumptions
The detailed parameters are given in Table 1, Table 2 and Figure 1 for convenience. 

Table 1 Parameters for Uplink Transmission Scheme
	Transmission bandwidth (MHz)
	Sub-frame duration (ms)
	Long block size
((s/samples)
	Short block size
((s/samples)
	CP duration
((s/samples)

	10
	0.5
	66.67/1024
	33.33/512
	(4.1/63) ( 7,

(4.62/71) ( 1*


*: {(x1/y1) ( n1, (x2/y2) ( n2} means (x1/y1) for n1 pilot or data blocks and (x2/y2) for n2 pilot or data blocks
Table 2 Simulation assumptions
	Multiple access
	LFDMA

	System bandwidth
	10MHz

	IFFT size
	1024

	FFT-precoding size
	64 
64 contiguous subcarriers allocation

	
	

	Information block size
	512 bits

	Propagation Channel
	SCM

	Channel Estimation
	Ideal

	Number of Rx. Antenna
	2

	Channel coding
	Turbo coding

	UE Speed
	3km/h

	Hybrid ARQ
	No
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Figure 1 Sub-frame format with two short blocks/sub-frame
2.2 Link Performance Comparison
We know that QPSK and /2-BPSK require similar Eb/No for the same coding rate.  However, QPSK is 2 times bandwidth efficient than /2-BPSK. Therefore, QPSK can use a stronger coding while providing the same information rate as /2-BPSK. For example, QPSK with 1/3 coding rate provides the same information bit rate as /2-BPSK with 2/3 coding rate. The link performance for this case is shown in Figure 2. It can be seen that QPSK with 1/3 coding rate provides around 1.5dB gain over /2-BPSK with 2/3 coding rate.  Therefore, in a bandwidth-limited situation, QPSK should always be preferred over /2-BPSK. It should be noted that /2-BPSK has 0.8dB cubic metric (CM) benefit over QPSK. Therefore, even after accounting for the 0.8dB power backoff, QPSK provides 0.7dB gain over /2-BPSK.
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Figure 2 Link performance comparison of QPSK and /2-BPSK
2.3 PAPR/CM Performance

Table 3 shows the summary of comparative PAPR performance for /2-BPSK and QPSK with various roll-off factors. The cubic metric performance for /2-BPSK and QPSK with various roll-off factors is provided in Table 4. It should be noted that QPSK with roll-off=0.5566 and /2-BPSK with roll-off=0.0 provide similar cubic metric performance (i.e. CM=0.2dB). However, QPSK with roll-off=0.5566 is 28.5% more bandwdith efficient than /2-BPSK with roll-off=0.0. On the other hand, QPSK with roll-off=1.0 and /2-BPSK with roll-off=0.0 provide the same bandwdith efficiency. However, the cubic metric performance of QPSK with roll-off=1.0 is 0.2dB better than /2-BPSK. This shows that there is no operating point for simple /2-BPSK. However, in extreme power limited situations, approximately 0.5dB improvement in cubic metric performance can be achieved with /2-BPSK with a large roll-off. However, such a scheme is extremely bandwidth inefficient. Therefore, a careful consideration is needed if /2-BPSK can be of any benefit in the evolved UTRA system.
 Table 3 PAPR performance for QPSK and /2-BPSK
	Bandwidth Efficiency [bits/subcarrier]
	Modulation
	RRC Roll-off
	0.1%PAPR

[dB]

	2
	QPSK
	0.0
	5.7

	1.6
	QPSK
	0.25
	4.8

	1.285
	QPSK
	5/9=0.5566
	3.5

	1
	QPSK
	1.0
	1.8

	1
	/2-BPSK
	0.0
	4.5

	0.8
	/2-BPSK
	0.25
	2.8

	0.64
	/2-BPSK
	5/9=0.5566
	1.0

	0.5
	/2-BPSK
	1.0
	1.2


Table 4 Summary of cubic metric power for QPSK and /2-BPSK
	Bandwidth Efficiency [bits/subcarrier]
	Modulation
	RRC Roll-off
	Cubic Metric 

[dB]

	2
	QPSK
	0.0
	1.0

	1.6
	QPSK
	0.25
	0.6

	1.285
	QPSK
	5/9=0.5566
	0.2

	1
	QPSK
	1.0
	0

	1
	/2-BPSK
	0.0
	0.2

	0.8
	/2-BPSK
	0.25
	-0.3

	0.64
	/2-BPSK
	5/9=0.5566
	-0.6

	0.5
	/2-BPSK
	1.0
	-0.5


Figure 3, as an example, shows the CDF of comparative PAPR performance for /2-BPSK with roll-off=0.0 and QPSK with roll-off=1.0. It should be noted that both schemes provide similar bandwidth efficiency of 1 bit/subcarrier. However, PAPR performance of QPSK with roll-off=1.0 is superior to /2-BPSK with roll-off=0.0.
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Figure 3 PAPR result for QPSK with roll-off factor =1 and /2-BPSK with roll-off factor =0.0
3 Summary
We analyzed the bandwdith and power efficiency of QPSK and /2-BPSK for E-UTRA uplink. In terms of link performance in a bandwidth limited situation, we found that QPSK with 1/3 coding rate provides around 1.5dB gain over /2-BPSK with 2/3 coding rate.  Therefore, in a bandwidth-limited situation, QPSK should always be preferred over /2-BPSK. It should be noted that /2-BPSK has 0.8dB cobic metric (CM) benefit over QPSK when no spectral shaping is used for either of the schemes. Therefore, even after accounting for the 0.8dB power backoff, QPSK provides 0.8dB gain over /2-BPSK.
We also observed that QPSK with roll-off=0.5566 and /2-BPSK with roll-off=0.0 provide similar cubic metric performance (i.e. CM=0.2dB). However, QPSK with roll-off=0.5566 is 28.5% more bandwdith efficient than /2-BPSK with roll-off=0.0. On the other hand, QPSK with roll-off=1.0 and /2-BPSK with roll-off=0.0 provide the same bandwdith efficiency. However, the cubic metric performance of QPSK with roll-off=1.0 is 0.2dB better than /2-BPSK with roll-off=0.0. This shows that there is no operating point for simple /2-BPSK. However, in extreme power limited situations, approximately 0.5dB improvement in cubic metric performance can be achieved with /2-BPSK with using a large roll-off. However, such a scheme is extremely bandwidth inefficient. 
We propose that E-UTRA supports spectral shaping in the uplink in order to provide low cubic metric for power limited situations. QPSK with spectral shaping can be used to cover most of the power-limited situations in the uplink. The need for /2-BPSK should be clearly demonstrated before it is adopted for evolved UTRA uplink.
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