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1 Introduction
The link adaptation techniques are envisaged for evolved UTRA in order to adapt the transmission format including modulation and coding to the channel conditions observed by a given user at a given time [1]. In the RAN WG1#46bis meeting, 16QAM, QPSK modulations were agreed for the uplink. It was also decided that that the need for pi/2 BPSK or QPSK with spectrum shaping is FFS. In this contribution, we provide a set of modulations and spectrum shaping combinations that provide best power efficiency for a given bandwidth efficiency for link adaptation purpose in evolved UTRA uplink.
2 Modulation and spectrum shaping
2.1 Bandwidth and Power efficiency performance
The link performance of /2-BPSK and QPSK was compared in [2]. It was observed that in a bandwidth limited situation, QPSK with 1/3 coding rate provides around 1.5dB gain over /2-BPSK with 2/3 coding rate while both schemes support the same data rate.  However, /2-BPSK has 0.8dB cubic 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 0.7dB gain over /2-BPSK. Therefore, in a bandwidth-limited situation, QPSK should always be preferred over /2-BPSK.
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 provides 0.1dB CM performance improvement over /2-BPSK with roll-off=0.0. The improvement in PAPR of QPSK with roll-off=0.5566 over /2-BPSK with roll-off=0.0 is about 1.5dB. Moreover, QPSK with roll-off=0.5566 is 28.5% more bandwdith efficient 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 a RRC roll-off of 5/9. Therefore,/2-BPSKcan also be useful if it is considered with spectrum shaping .
 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
	4.4

	1.285
	QPSK
	5/9=0.5566
	3.0

	1
	QPSK
	1.0
	3.2

	1
	/2-BPSK
	0.0
	4.5

	0.8
	/2-BPSK
	0.25
	2.1

	0.64
	/2-BPSK
	5/9=0.5566
	2.0

	0.5
	/2-BPSK
	1.0
	2.4


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
	0.45

	1.285
	QPSK
	5/9=0.5566
	0.1

	1
	QPSK
	1.0
	0.2

	1
	/2-BPSK
	0.0
	0.2

	0.8
	/2-BPSK
	0.25
	-0.3

	0.64
	/2-BPSK
	5/9=0.5566
	-0.4

	0.5
	/2-BPSK
	1.0
	-0.3


2.2 Proposed Modulation and spectrum shaping formats
The proposed modulations and spectrum shaping formats for uplink are given in Table 3. No spectrum shaping is employed for 16-QAM because this modulation is used for bandwidth limited cases. Both QPSK and /2-BPSK use spectrum shaping with RRC roll-off factor of 0.25 and 5/9.
Table 3 Proposed Modulations and spectrum shaping formats
	Bandwidth Efficiency [bits/subcarrier]
	Modulation
	RRC Roll-off
	Cubic Metric 

[dB]

	4
	16-QAM
	0.0
	1.7

	2
	QPSK
	0.0
	1.0

	1.6
	QPSK
	0.25
	0.45

	1.285
	QPSK
	5/9=0.5566
	0.1

	0.8
	/2-BPSK
	0.25
	-0.3

	0.64
	/2-BPSK
	5/9=0.5566
	-0.4


3 Summary
We proposed uplink modulation and spectrum shaping formats for E-UTRA. The proposed formats are based on bandwidth and power efficiency considerations that are important factors for system capacity and coverage. These formats can be considered as starting points for developing detailed MCS tables for link adaptation in E-UTRA uplink. 
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