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1
Introduction
In this document, we compare the ACK/NAK link performance by using localized FDM with realistic channel estimation. Performances with per-slot hopping and half-slot hopping are evaluated.  We also consider utilizing the first half sub-frame to transmit ACK/NAK while leaving the rest of the sub-frame for transmissions from other UEs.
2
Simulation Setup
2.1
Slot Format and Numerology
The evaluation is performed using the slot structure outlined in TR 25.814 [1].
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Figure 1

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 

	Total data tones available per LB
	300


Table 1

Evaluation Numerology – TDM Pilot Structure – 5 MHz
2.2
Waveform Evaluation
The following waveforms were evaluated.
	Parameter
	LFDM – I
	LFDM – II 
	LFDM – III

	Pilot tones
	TDM
	TDM
	TDM

	Data tones
	Contiguous
	Contiguous
	Contiguous

	TTI
	0.5 ms
	0.5 ms
	0.5 ms

	Frequency Hopping (FH)
	Yes
	Yes
	Yes

	Hop period
	1 slot
	½ slots
	1 slot

	Intra-TTI Frequency Diversity
	No
	Yes
	No

	Channel Estimation
	Per Hop
	Per Hop
	Per Hop

	Receiver
	Linear SFE
	Linear SFE
	Linear SFE


Table 2

Waveform Comparison
2.3
MCS
In this set of simulations, the modulation and number of data tones are kept constant during the simulation run. No re-transmissions are allowed. The Ior/Ioc is varied, while Tx Ec/Ior is fixed to 0 dB.
	Parameters
	LFDM – I
	LFDM – II 
	LFDM – III

	Modulation
	QPSK
	QPSK
	QPSK

	Number of tones per LB
	2
	2
	4

	Number of LBs used
	6
	6
	3

	Number of pilot tones per SB
	1
	1
	2

	Number of SBs used
	2
	2
	1

	Repetition code rate
	1/24
	1/24
	1/24


2.4
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 
· Hopping is done circularly:

· period = 5 hops

· frequency seperation between two consecutive hops = 60 tones

3
Simulation Results

Figures 1 & 2 and Tables 4 & 5 illustrate the performance difference between LFDM-I, LFDM-II and LFDM-III.
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Figure 1

LFDM– Prob(NAK->ACK) = 0.1 %
	Es/Nt (dB)
	Prob(ACK->NAK)  (%)

	
	LFDM – I
	LFDM – II
	LFDM – III

	2
	3.3
	1.27
	3.19

	4
	1.54
	0.32
	1.53

	6
	0.5
	<0.1
	0.64


Table 4

FER comparison -- Prob(NACK->ACK) = 0.1 %
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Figure 2

LFDM– Prob(NAK->ACK) = 1 %
	Es/Nt (dB)
	Prob(ACK->NACK)  (%)

	
	LFDM – I
	LFDM – II
	LFDM – III

	0
	5.75
	3.26
	5.73

	2
	2.4
	0.37
	2.29

	4
	0.55
	<0.1
	0.63


Table 5

FER comparison -- Prob(NAK->ACK) = 1 %

It can be seen from Tables 4 and 5 that LFDM-II gives the best performance; and LFDM-I and LFDM-III perform similarly.There is no intra-TTI frequency diversity in LFDM-I or LFDM-III while the gain in frequency diversity for LFDM-II compensates for its loss in channel estimation.
4
Summary

In this document we compared different options of sending ACK/NAK using LFDM. It is shown that half-slot hopping yields the best performance for ACK/NAK signaling.
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