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Reference to Read

OFDM Fundamental :
R. Nee and R. Prasad, “"OFDM for Wireless Multimedia Communications”. Artech House, Inc., 2000.

A. Bahai, B. R. Saltzberg, and M. Ergen, “Multi-Carrier Digital Communications: Theory and Applications of OFDM".
Springer Science & Business Media, 2004.

3GPP, “Overview of 3GPP release 8 v0.3.3,” Tech. Rep., Sep. 2014.

BElfeRbesign and Fast Filtering Implementation

@ "F-OFDM algorithm design”, attached in this document




Outline

What is F-OFDM?
Why we need F-OFDM in 5G?
How does F-OFDM work?

What will you implement?
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To have a gut feeling what is filtered OFDM

WHAT IS F-OFDM?
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F-OFDM System

Diagram
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1. Subband filter is added on top of CP-OFDM, without any change on existing CP-OFDM

2. Filtering for each subband (subband BW >= 1RB)

3. Independent Subcarrier spacing/ CP length/ TTI configuration for each subband

4. Rather low guard tone overhead between neighboring subband

5. Support asynchronous inter-band transmission due to perfect OOB performance
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To know what role F-OFDM plays in 5G and what benefit it brings along

WHY WE NEED F-OFDM IN 5G?



I§sues of Existing OFQM Waveform
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5G Vision: Zero Distance Communications

5G HyperService Cube
Mobility:  Okm/h ~ 500km/h
Frequency: 300MHz-300GHz

Massive

Capacity air Al &7 Times Traffic
: . &) 3 9s Flooding

Massive

S i —

Zero ey = N
Waiting U 0 B 3 ms Delay
N L, Experience
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5G HyperService Cube

F-OFDM Application Scenarios sy S me
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F-OFDM: advantages
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Support asynchronous OFDMA transmission Good Out-of-band leakage rejection



F-OFDM: simulations(SISO)

o ETU, 3km/h, 12 subcarriers
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1. F-OFDM has rather low OOB leakage

2. With only 1 guard tone, F-OFDM could achieve the same performance as OFDM

with neighbor band interference
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F-OFDM: S|mulat|ons MIM )
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1. F-OFDM MIMO could re-use all the OFDM MIMO solution without any change
2. With only 1 guard tone, F-OFDM MIMO could achieve the same performance as OFDM MIMO

with neighbor band interference
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To have a gut feeling how F-OFDM will be implemented in the 5G wireless systems

HOW DOES F-OFDM WORK?
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F-OFDM System Diagram
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Filter design

e Soft truncated filter with specific window is recommended to achieve
o Trade-off between time and frequency localization (that is ISI and ICl)
o Easy implementation for flexible subband configuration

o Small round-up error due to frequency domain fixed point implementation

Time domain Sinc function: Time domain window (e.g. Hanning/Kaiser/RC...) : Final filter
Ideal filter with BW = subband BW + some guard tone to balance pass-band flatness & T/F localization
E § o 2
Euz éo.a : /\ { \ /\
NN AR RN AW NP . &V, 7
IV Y U
4%
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W, -W,

inc spec_win

sample

=W

filter _time
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Example of filter

e Example with Hanning window

W =W,..-W

filter _time Sinc Hanning

o Subcarrier spacing = 15KHz
2zn
o Subband = 720KHz Waming (1) =0-5(1_C05(—N 1]}

o Fs=30.72MHz (LTE baseband sampling rate)

Matlab built-in filter tool to generate the soft truncated filter

Filter Design & Analysis Tool - [untitled.fda =] = = ==
File Edit Analysis Targets Wiew  Window Help

O e & @ o & T B BEE B w2 = [T — BB k] € B] 1 | w72

— Current Filter Information

— Magnitude Response (dB)

Structure: Direct-Form FIR = -50
Order: 512 =
Stable: es =] P
Source: Designed “% oo
=
=

[ Store Filter . |

Freguency (MH=)

[ Fitter Manager ___ ]

— Response Type— — Filter Order. — Freguency Specifications — Magnitude Specifications.
@ |Lowpass - @ Specify order: 513 Units: | MH=z -
=
=] Highpass -
= B o Minimum order Fs: 30.72 The attenuation at cutoff
— andpass
EJLA - -
Bandstop —_ Option Fc: 0.405 freguencies iz fixed at & dB
| Scale Passband
Differentiator - (half the passband gain})
|  Design Method— | WWindows: Hann -
R Butterworth -

@ FIR | wi -
Windones - i

FlEEE

Loading fiter ... Done
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Filter implementation

1. Conceptually, F-OFDM filtering operation is continuous filtering in time domain

2. However, frequency domain filtering operation is preferred for simple implementation[1]

Owerlap-Save and Overlap-Add Overlap-Save Method

Overlap-Save Method

Input signal blocks:

J L L L For each FFT/IFFT based block filtering, we can filter a
gé{rosl data block of size L.
Ll =) . Filter time domain length is of size M.
M s .
Poin{l z2(n) FFTsizeN=L+M-1.
overiap . ___
Output signal blcks: ijé_ﬁ:p | zs(m) | Complexity is much less sensitive to the filter length.
J, | y(n) |
]:;1;,car? /l/ | ya(n) |
points Discard T : . .
. DA:HJ ys(n) | [1] reference: Douglas L. Jones, "Fast Convolution", available online:
M u https://inst.eecs.berkeley.edu/~eel23/spl5/docs/FastConv.pdf
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WHAT WILL YOU IMPLEMENT?

PPPPPP



Simplified Downlink F-OFDM System to be Implemented

fa5fist IFFT Subband 1

fas kit : IFFT Subband 2
THEMR G2 (size N2) Add CP2 filter

(5% %81
i

{R i bit CRC

Subband
Filter2

Remove FFT
CP2 (Size N2)

FEC
(Turbo}

h

Modulation

Fading | |
channel
Subband | Remove R FFT | .
*|  Filter2 o ocp2 | (Size N2) s Eekl —
FOFDMEEA &t
5 Rl
. . BLER
Equalizer » Decodin » CRC > .
q g Calculation
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Link Parameters

Parameters F_OFDM @ subbandl F-OFDM @subband?2
Duplex FDD
Antenna config. SISO
Sampling rate 30.72Mbps
Subband BW 720KHz 720KHz AIEE, W1
i ] AANR]
Subcarrier spacing 15KHz 30KHz
FFT size 2048 1024
Symbol duration 1/15K=66.67us 1/30K=33.33us
TTI Ims 0.2ms
# symbol per TTI 14 5
CP length 160 samples(5.2us) for symbol 1 224 samples for symbol 1
144 samples(4.7us) for symbol 200 samples for symbol 2~5
2~7
Guard tone number 0/1/2/3
CRC 24 bit
Modulation QPSK/16QAM/64QAM AReE, T
i 1] AANF]
Turbo coding rate 1/3,1/2, 3/4 AlcE, MTF
i i AAS
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How We Judge and Compete the Results
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