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1. Discussion
In the E-UTRA study item, the assumed uplink modulation schemes were /2-BPSK, QPSK, 8PSK and 16QAM ‎[1].

We believe that at least QPSK and 16QAM are necessary to provide the desired possibility for tradeoff between coverage and peak rate.
In addition, /2-BPSK could also be considered, as a way to further enhance coverage. However, before a decision to include /2-BPSK can be taken, the coverage of e.g. control signaling need to be investigated to ensure control signaling is not limiting the coverage prior to the benefit of /2-BPSK is seen.
It has been argued [2] that in a link-budget-limited scenario, QPSK should always be preferred over (/2-BPSK as QPSK allows for more channel coding for a given bandwidth. More specifically, it has been argued that the coding gain with R=1/3 coding (+QPSK), compared to R=2/3 coding (+(/2-BPSK), is larger than the corresponding reduction in Cubic Metric with (/2-BPSK and thus QPSK has an overall coverage gain. 

However, this assumes that, with (/2-BPSK; R=2/3 should be the lowest possible channel-coding rate which is obviously not the case. Assuming R=1/3 is the lowest available coding rate, that coding rate should, obviously, be possible to use in coverage/power- limited scenarios regardless of the modulation scheme (when should that coding rate otherwise be used?). Thus, from a coverage point-of-view, a more relevant comparison is (/2-BPSK with R=1/3 coding vs. QPSK with what-ever code rate is found suitable, e.g. R=1/6 (i.e. R=1/3 + repetition) for equal bandwidth efficiency. In this case there is no additional channel-coding gain (except perhaps a minimal additional diversity gain) with QPSK and thus the CM gain of (/2-BPSK is fully transformed into a coverage gain.
One could also make a qualitative argumentation regarding the relation to control-signal coverage: Assuming a fully coverage (power) limited situation, the entire uplink bandwidth can be made available to a single coverage-limited user. Assuming a 5 MHz transmission bandwidth ((4.5 MHz efficient bandwidth), (/2-BPSK and R=1/3 channel coding (assumed to be the lowest available channel coding rate) would correspond to approximately 1.5 Mbps data rate (1/3 spectral efficiency). Clearly, for such data rates, the control channels will not limit the coverage.

Thus it seems that there are situations where (/2-BPSK can improve coverage due to the lower Cubic Metric. 

Furthermore, we believe that 8PSK could be an interesting complement thanks to its low PAR and therefore it should not be ruled out at this point.

2. Conclusion
It is proposed to agree to adopt at least (/2-BPSK, QPSK, and 16QAM as uplink modulation schemes for E-UTRA. 8PSK should also be considered. 
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