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1
Summary
We propose the following to be captured as text in TR 25.814.

· Uplink scheduled data channel is transmitted using localized FDM (LFDM) waveform

· Interleaved FDM (IFDM) waveform is not used for uplink scheduled data channel

2
Introduction

Currently, it is assumed that uplink scheduled data transmissions may occur using either interleaved or localized waveforms.

There are two issues that need to be considered.

2.1
Multiplexing IFDM and LFDM Users
Consider two users, one scheduled using IFDM (uniform spacing in frequency) and another scheduled using LFDM (localized allocation in frequency) with different resource block allocations. 
If we wish to maintain orthogonality between the users and maintain a low PAPR for both users, the transmissions must be time multiplexed (TDM) as opposed to frequency multiplexed (FDM).
For FDM transmissions, orthogonality between these two users is retained by ensuring that the frequency assignments for UE #1 and UE #2 are disjoint. Since one user uses IFDM and another uses LFDM, the PAPR for one of the users increases.
In scenario I, the frequency allocation to UE #2 is not localized. Instead, its localized allocation is notched out in the middle to allow for the transmission from UE #1. Therefore, the PAPR for UE #2 is higher.

In scenario II, the frequency allocation for UE #1 is not uniformly spaced, leading to a higher PAPR for UE #1.

To maintain a low PAPR for both users, scenario III may be adopted. However, this also implies that the transmissions are no longer orthogonal – UE #1 transmits using IFDM and UE #2 transmits using LFDM, and the frequency allocations are not disjoint.
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Figure 1

FDM – Scenario I
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Figure 2

FDM – Scenario II
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Figure 3

FDM – Scenario III
2.2
Link Performance

2.2.1
Frequency Diversity

As the resource block allocation gets smaller, LFDM transmissions do not benefit from frequency diversity, while IFDM transmissions always have sufficient frequency diversity.
For the reference evaluation numerology, the minimum allocation of 25 tones
 translates to 375 KHz, which is a narrow band transmission.

2.2.2
Equalization

For small resource block allocations, there is little frequency selectivity in the channel for LFDM transmissions. With a flat frequency response of the channel, the performance of a linear equalizer for LFDM transmissions is superior to that of IFDM transmissions.
3
Simulation Setup
3.1
Slot Format and Numerology
The evaluation is performed using the slot structure outlined in TR 25.814.
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Figure 4

Slot Format
	Slot duration
	0.5 ms

	Symbols / Slot
	8

	FFT size
	512 – LB

256 – SB 

	Tone spacing
	15 KHz – LB

30 KHz – SB 

	Flat guard samples (Number of symbols)
	31 (1)

23 (7)

	Flat guard period (Number of symbols)
	4.04 µs (1)

3.00 µs (7)

	Window length 

(Number of samples)
	1.04 µs (8)

	Guard tones per symbol
	212 – LB 

106 – SB 

	Data tones per LB
	300

	Peak data rate (16-QAM)
	14.4 Mbps


Table 1

Evaluation Numerology – TDM Pilot Structure – 5 MHz
3.2
Waveform Evaluation
The following waveforms were evaluated.
	Parameter
	LFDM
	IFDM

	Pilot tones
	TDM
	TDM

	Data tones
	Contiguous
	Interleaved

	TTI
	0.5 ms
	0.5 ms

	Frequency Hopping (FH)
	Yes
	No

	Hop period
	1-slot
	-

	Intra-TTI Frequency Diversity
	No
	Yes

	Channel Estimation
	Per Hop
	Per TTI

	Receiver
	Linear SFE
	Linear SFE


Table 2

Waveform Comparison
3.3
MCS
In this set of simulations, the TB size, modulation and number of data tones are kept a constant during the simulation run. No re-transmissions are allowed. The Ior/Ioc is varied, while Tx Ec/Ior is fixed to 0 dB.
	Modulation
	TB Size
	Number of data tones per symbol
	Code Rate

	QPSK
	100
	25
	0.33

	
	150
	
	0.50

	
	225
	
	0.75

	16-QAM
	200
	
	0.33

	
	300
	
	0.50


Table 3
Allocation = 375 KHz
	Modulation
	TB Size
	Number of data tones per symbol
	Code Rate

	QPSK
	200
	50
	0.33

	
	300
	
	0.50

	
	450
	
	0.75

	16-QAM
	400
	
	0.33

	
	600
	
	0.50


Table 4

Allocation = 750 KHz
	Modulation
	TB Size
	Number of data tones per symbol
	Code Rate

	QPSK
	400
	100
	0.33

	
	600
	
	0.50

	
	900
	
	0.75

	16-QAM
	800
	
	0.33

	
	1200
	
	0.50


Table 5

Allocation = 1500 KHz
3.4
Miscellaneous Assumptions
The rest of the simulation assumptions are as follows:

· Two Rx antennas

· Interference and noise modeled as bandlimited noise process
· GSM TU channel

· UE speed = 30 kph
4
Simulation Results

Figures 5-9 illustrate the performance difference between LFDM and IFDM.
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Figure 5

QPSK – Rate 1/3
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Figure 6

QPSK – Rate 1/2
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Figure 7

QPSK – Rate 3/4
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Figure 8

16-QAM – Rate 1/3
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Figure 9

16-QAM – Rate 1/2
5
Observations
The results at 10% BLER are summarized in Table 6.
	Modulation
	Code Rate
	IFDM (dB)

	
	
	375 KHz
	750 KHz
	1500 KHz

	QPSK
	1/3
	+0.5
	+1.0
	+1.0

	QPSK
	1/2
	+0.4
	+0.7
	+1.0

	QPSK
	3/4
	+0.3
	+0.4
	+0.7

	16-QAM
	1/3
	+0.5
	+0.5
	+1.0

	16-QAM
	1/2
	+0.4
	+0.3
	+1.0


Table 6

IFDM vs. LFDM – 10% BLER – 0.5 ms TTI
It is seen that LFDM performance is always better than IFDM, regardless of the bandwidth allocation. 

When the allocation is 375 KHz, there is very little intra-TTI frequency diversity for LFDM, but the channel frequency response is almost flat (assuming that the coherence bandwidth of the TU channel is 200 KHz). It is seen that the equalizer performance is better for LFDM, but the difference between LFDM and IFDM is small.

As the allocation size increases up to 1500 KHz, the difference between LFDM and IFDM slightly increases, due to two reasons. First, there is enough frequency diversity within the TTI for LFDM. Secondly, the channel estimation performance is slightly better for LFDM, since the pilot tones are contiguous.
6
Conclusions
Based on the arguments in sections 2.1 and 5, we conclude that:
· Different users can be multiplexed in a simpler manner with LFDM

· The link performance of LFDM, even without any frequency selective scheduling, is better than IFDM



















































� The word “tone” is used loosely here, since strictly speaking we are talking about a single carrier waveform.
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