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1
Summary
We propose the following to be captured for E-UTRA:
· Waveforms allowed on uplink
· QPSK, 16-QAM

· Investigate benefits of 64-QAM as an optional capability
· Frequency domain spectral shaping to benefit coverage limited users

· Spectral shaping done within allocated RB

2
Discussion
2.1
Modulation
In RAN1 #46-bis, it was agreed that QPSK and 16-QAM modulation schemes will be allowed in the uplink.

The following modulation schemes were FFS:

· pi/2 BPSK

· QPSK + spectrum shaping

· 8PSK

In this document, we analyze the performance of these modulation schemes using link and PAR analysis. We conducted two kinds of simulations:
· Need for pi/2 BPSK

· pi/2 BPSK vs. QPSK

· Need for 8PSK

· QPSK vs. 8PSK vs. 16-QAM

2.2
Numerology
Table 1 outlines the evaluation parameters for 1ms TTI with 5 HARQ processes and a maximum of 2 transmissions.
	Parameter
	Value

	TTI
	1 ms

	Waveform
	LFDM

	Frequency Hopping (FH)
	Yes

	Hop period
	1ms

	Intra TTI Frequency Diversity
	No

	Inter TTI Frequency Diversity
	Yes

	Number of HARQ Processes
	5

	Shared Data Bandwidth Allocation
	180 KHz

	Channel Estimation
	Non ideal

	Receiver
	Linear Equalizer


Table 1

Comparison
2.3
MCS
In this set of simulations, the TB size, modulation and number of data tones are kept a constant during the simulation run. Retransmissions occur with a fixed sequence of redundancy versions.
	TB Size
	Modulation
	Initial

Code Rate
	Maximum Number of Transmissions

	100
	BPSK
	2/3
	2

	
	QPSK
	1/3
	

	200
	QPSK
	2/3
	

	
	8PSK
	4/9
	

	
	16-QAM
	1/3
	

	225
	QPSK
	¾
	

	
	8PSK
	½
	

	
	16-QAM
	3/8
	


Table 2

MCS
2.4
Simulations
Figures 1-6 show the link performance. In figures 1 and 2, we also show QPSK performance with frequency domain windowing, named as W-QPSK.
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Figure 1

QPSK – Rate 1/3 – Initial BLER
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Figure 2

QPSK – Rate 1/3 – Link Throughput
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Figure 3

QPSK – Rate 1/2 – Initial BLER
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Figure 4

QPSK – Rate 1/2 – Link Throughput
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Figure 5

QPSK – Rate 3/4 – Initial BLER
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Figure 6

QPSK – Rate 3/4 – Link Throughput
3
Observations
We observe the following at 10% BLER operating point:

· The link gain from QPSK rate 1/3 to BPSK rate 2/3 is 1.3 dB

· With frequency domain windowing (6 samples on either side of the 12-point DFT O/P), the performance of windowed QPSK is 0.2 dB worse than with regular BPSK

· Between QPSK rates 2/3 and 3/4, there is no difference in performance between QPSK, 8PSK and 16-QAM

We conducted some PAR simulations and observed the following at 99.9% CDF point:

· QPSK PAR is worse than pi/2 BPSK by 1.4 dB
· QPSK PAR with 6-sample windowing is almost the same as that of pi/2 BPSK

· 8PSK PAR is lower than 16-QAM, but the same as QPSK
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