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1
Introduction
In this document, we describe the assumptions behind the simulation results shown in [1] comparing SC-FDM and OFDM link performance.
2
Setup
2.1
Slot Format and Numerology
In TR 25.814, two slot structures are outlined as shown in Figures 1 and 2.

The sampling rate of 4.096 MHz allows for a simple time-domain IFDM signal construction, but has a lower spectral efficiency (0.8192). 

The sampling rate of 7.68 MHz for a more flexible frequency-domain IFDM/LFDM signal construction and has a higher spectral efficiency (0.90). 

The link performance is evaluated using only one sampling rate (7.68 MHz).
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Figure 1

Slot Format I
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Figure 2

Slot Format II

Table 1 outlines a candidate numerology using 7.68 MHz and slot formats I & II.

	Slot format
	I
	II

	Slot duration
	0.5 ms

	Symbols / Slot
	8
	9

	FFT size
	512 – LB
256 – SB 
	512 – LB 
128 – SB 

	Tone spacing
	15 KHz – LB
30 KHz – SB 
	15 KHz – LB 
60 KHz – SB 

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

23 (7)
	35 (6)

34 (3)

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

3.00 µs (7)
	4.56 µs (6)

4.43 µs (3)

	Window length 

(Number of samples)
	1.04 µs (8)

	Guard tones per symbol
	212 – LB 
106 – SB 
	212 – LB 
53 – SB 

	Data tones per LB
	300

	Peak data rate (16-QAM)
	14.4 Mbps


Table 1

Evaluation Numerology – TDM Pilot Structure
In the computation of peak data rate, we assume that all short-blocks are reserved for pilot tones (TDM). 
We also evaluate the link performance with an uplink slot structure that is identical to the downlink. This structure allows for a more flexible pilot tone mapping and a longer flat guard period.
	Slot format
	Downlink

	Slot duration
	0.5 ms

	Symbols / Slot
	7

	FFT size
	512

	Tone spacing
	15 KHz

	Flat guard samples 
(Number of symbols)
	29 (4)

28 (3)

	Flat guard period 
(Number of symbols)
	3.78 µs (4)

3.65 µs (3)

	Window length 

(Number of samples)
	1.04 µs (7)

	Guard tones per symbol
	212

	Pilot + Data tones per symbol
	300

	Peak data rate using 16-QAM
(No pilot overhead)
	16.8 Mbps


Table 2

Evaluation Numerology – FDM Pilot Structure
2.2
Waveform

The following waveforms were evaluated.
2.2.1
Interleaved OFDM
In interleaved OFDM, the DL slot structure with a scattered FDM pilot is used. Multiple blocks of contiguous tones assigned to the UE. The blocks span the entire band, so the UE does not hop in frequency.
2.2.2
Localized OFDM

In localized OFDM, uplink slot format I with two TDM pilot bursts is used. A single block of contiguous tones assigned to the UE and the UE hops across the band once every slot.
2.2.3
Interleaved SC-FDM

In interleaved SC-FDM, uplink slot format I with two TDM pilot bursts is used. The assigned tones are uniformly spaced and span the entire band.
2.2.4
Localized SC-FDM
In localized SC-FDM, uplink slot format I with two TDM pilot bursts is used. A single block of contiguous tones assigned to the UE and the UE hops across the band once every slot.

In the case of localized OFDM or SC-FDM, frequency diversity is achieved by slot based hopping. However, since the TTI is fixed to 1-slot, there is no frequency diversity within a TTI.
2.3
Channel Estimation

In an orthogonal uplink, a continuous FDM pilot cannot be transmitted by all the users simultaneously. Therefore, for a given UE, channel estimation is based on the time/frequency slots assigned to that UE.

With a TTI of 1-slot, channel estimation for all the data tones in a slot is based on the TDM or FDM pilot tones present in that slot only.
2.4
Receiver

For SC-FDM, a linear MMSE based frequency domain equalizer (FDE) is used. 
2.5
Miscellaneous Assumptions

The rest of the simulation assumptions are as follows:

· Single Rx antenna

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

· UE speed = 30 kph
2.6
Single Transmission

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 LB
	Code Rate

	QPSK
	400
	100
	0.33

	
	600
	
	0.50

	
	900
	
	0.75

	16-QAM
	800
	100
	0.33

	
	1200
	
	0.50

	
	1800
	
	0.75


Table 3

Candidate MCS
For the interleaved OFDM scenario, the total number of pilot+data tones is fixed to 100. The pilot tones take up 1/6th of the allocated tones, to be consistent with a comparison with TDM pilot structure.
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