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1
Summary
We propose the following to be captured as the baseline waveforms for E-UTRA uplink.
· Uplink shared data channel

· Localized transmission (LFDM)
· Uplink control channels
· ACK, CQI, MIMO support (antenna selection, rank indication, precoding indication)
· LFDM
· Broadband pilot

· IFDM
· Frequency Hopping

· Intra TTI hopping

· Uplink shared data channel

· ACK, CQI, MIMO support channels

· Inter TTI hopping

· Uplink shared data channel, CQI, MIMO support
· Broadband pilot
2
Discussion
2.1
Uplink Shared Data Channel
In previous documents, we have compared IFDM and LFDM performance for uplink shared data channel [1] and shown that IFDM performance is inferior to LFDM for allocations ranging from 375 KHz to 1500 KHz. 
When comparing IFDM and LFDM waveforms, two issues are relevant:
· Equalization loss

· For small allocations, the channel is always frequency selective for IFDM, leading to a large equalization loss with a linear receiver. 

· For LFDM, the channel has a flat frequency response with small allocations, leading to negligible equalization losses.

· Channel diversity

· IFDM achieves frequency diversity by spanning the entire bandwidth, while frequency hopping is used in conjunction with LFDM to achieve frequency diversity
In this section, we evaluate the performance for allocations ranging from 180 KHz to 720 KHz.
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
	IFDM
	LFDM
	LFDM

	Frequency Hopping (FH)
	No
	Yes
	Yes

	Hop period
	N/A
	0.5 ms
	1 ms

	Intra TTI Frequency Diversity
	Yes
	Yes
	No

	Inter TTI Frequency Diversity
	Yes

	Number of HARQ Processes
	5

	Shared Data Bandwidth Allocation
	{180, 360} 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.
	Modulation
	TB Size
	Occupied Bandwidth
	Initial

Code Rate
	Maximum Number of Transmissions
	Redundancy Version Order

	QPSK
	{100, 200}
	180 KHz
360 KHz
	0.33
	2
	{0, 2}

	
	{150, 300}
	
	0.50
	
	

	
	{225, 450}
	
	0.75
	
	

	16-QAM
	{200, 400}
	
	0.33
	
	{6, 2}

	
	{300, 600}
	
	0.50
	
	

	
	{450, 900}
	
	0.75
	
	


Table 2

MCS
The rate matching algorithm and the redundancy versions (Xrv) are the same as defined for HSDPA.
2.4
Simulations
Figures 1-12 in the appendix show the link performance. 
It is seen that at intermediate to high SNR, FH-LFDM performs better than IFDM. However, to compare the link performance more appropriately, one needs to consider the operating point for each scenario.
3
Observations
The link performance at 10% initial BLER is summarized in Tables 3 and 4.
	Modulation
	Code Rate
	Es/Nt per Antenna (dB)

	
	
	IFDM
	FH-LFDM
	LFDM

	QPSK
	1/3 
	2.5
	2.0
	2.5

	
	1/2 
	4.8
	4.5
	4.8

	
	3/4
	8.1
	8.3
	8.1

	16-QAM
	1/3
	7
	6.5
	7.0

	
	1/2
	10.3
	9.5
	10.3

	
	3/4
	15.5
	15.0
	15.5


Table 3

10% Initial BLER – 180 KHz
	Modulation
	Code Rate
	Es/Nt per Antenna (dB)

	
	
	IFDM
	FH-LFDM
	LFDM

	QPSK
	1/3 
	2.0
	1.5
	2.0

	
	1/2 
	4.0
	3.5
	4.0

	
	3/4
	8.0
	8.0
	8.0

	16-QAM
	1/3
	6.9
	5.9
	6.9

	
	1/2
	10.0
	9.0
	10.0

	
	3/4
	15.7
	15.0
	15.7


Table 4

10% Initial BLER – 360 KHz

It is seen that for such small BW allocations, FH-LFDM performance is almost always better than that of IFDM.
The difference between FH-LFDM and IFDM increases as the initial transmission BLER reduces from 10% to 1%, as seen in Figures 13 and 14.
Even in the absence of frequency selective scheduling (FSS), the use of IFDM waveform provides no benefit whatsoever over LFDM for small BW allocations. On the contrary, in the absence of FSS, frequency hopped LFDM outperforms IFDM.

In the presence of FSS with a broadband pilot, LFDM can easily outperform IFDM.
5
Appendix
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Figure 1

QPSK – Rate 1/3 – 180 KHz
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Figure 2

QPSK – Rate 1/3 – 360 KHz
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Figure 3

QPSK – Rate 1/2 – 180 KHz
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Figure 4

QPSK – Rate 1/2 – 360 KHz
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Figure 5

QPSK – Rate 3/4 – 180 KHz

[image: image6.emf]
Figure 6

QPSK – Rate 3/4 – 360 KHz
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Figure 7

16-QAM – Rate 1/3 – 180 KHz
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Figure 8

16-QAM – Rate 1/3 – 360 KHz
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Figure 9

16-QAM – Rate 1/2 – 180 KHz
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Figure 10

16-QAM – Rate 1/2 – 360 KHz
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Figure 11

16-QAM – Rate 3/4 – 180 KHz
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Figure 12

16-QAM – Rate 3/4 – 360 KHz
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Figure 13

QPSK – Rate 1/2 – 180 KHz
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Figure 14

QPSK – Rate 1/2 – 360 KHz
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