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MOTIVATION OF F-OFDM



5G Vision: Zero Distance Communications

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



Simplified Downlink F-OFDM System to be Implemented

Qb addt
eNB T, BN F UE1
AT DL E

()
QAM symbol QAM symbol IFFT, Subband 1 *E ﬂ I] * )
generating mappingl Add CP1 filter Subband Remove CP1, Signal
Filter2 FFT(Size N1) detection

/

Fading

channel AWGN U E 2

QAM symbol QAM symbol IFFT, Subband 2 Subband .| Remove CP2, .| Signal
mapping2 Add CP2 filter ' Filter2 FFT(Size N2) detection
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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 720K ) NZOKHZ Configurable, two sub-
/H/ bands can be different.
Subcarrier spacing ( 15KHz ] 30KHz
FFT size L 2048 J L 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
144 samples(4.7us) for symbol 2~7

224 samples for symbol 1
200 samples for symbol 2~5

Guard tone number 0/1/2/3
CRC 24 bit
Modulation QPSK/16QAM/64QAM Configurable, two sub-
bands can be different.
Turbo coding rate 1/3,1/2, 3/4

Configurable, two sub-

bands can be different.
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Simplified Downlink F-OFDM System to be Implemented

eNB UE1l

QAM symbol QAM symbol IFFT, Subband 1 )
generating mapping1 Add CP1 filter Subband Remove CP1, Signal
Filter2 FFT(Size N1) detection

channel AWGN U E 2

Fading

QAM symbol QAM symbol IFFT, Subband 2 Subband Remove CP2, | Signal
mapping2 Add CP2 filter — | Filter2 FFT(Size N2) | detection

i M

Modulation:
BPSK,QPSK...
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Simplified Downlink F-OFDM System to be Implemented

eNB

QAM symbol QAM symbol IFFT, Subband 1 )
generating mappingl Add CP1 filter Subband Remove CP1, Slgnal
Filter2 FFT(Size N1) detection
Fading
channel AWGN U E 2

QAM symbol QAM symbol IFFT, Subband 2 Subband Remove CP2,
generating mapping2 Add CP2 filter — | Filter2 FFT(Size N2)

EDataMapped = data_resource_mapping(QAMsymbol, TabIeResc&e)
> ThRE: HEQAMAF S BRI S IR b
> i

O QAMsymbol - B B i FE REFIQAMKF 5

O TableResource — $87RQAMRF S Bt HIE S Az B
> #i: DataMapped — b BRI RE_E B EE

s —)

0: ZALENO;
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Simplified Downlink F-OFDM System to be Implemented

eNB
IFFT size N1
QAM symbol .| QAM symbol .| IFFT, Subband 1
generating mappingl Add CP1 filter
‘5 Fading
él " channel AWGN
IFFT size N2
QAM symbol QAM symbol IFFT, Subband 2
generating | mapping2 *|  AddcP2 filter
\ Guard tones
M1 N1 N2 M2

P

71 subcarrier spacing T-72 subcarrier spacing

Af, Af,

Subband Remove CP1, | Signal
Filter2 | FFT(Size N1) | detection
Subband Remove CP2, | Signal
~ ™| Filter2 FFT(Size N2) | detection

A ANF 88 720K HZ /e 56 881, MIM1=48, M2=24,

BRI FH 1 F RIS %R 5 N[-24, -1] [1 24], FIEK0S
FREANERSE, MEBIEBE

RIZEN1=0, N2=1, NIFr2iFEEHw T A[14, 37].

0: %I B¥R0;
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Simplified Downlink F-OFDM System to be Implemented

IFFT size N1
QAM symbol .| QAM symbol .| IFFT, Subband 1 ]
generating mapping1 Add CP1 filter Subband ,| Remove CP1, . Signal | 0
Filter2 FFT(Size N1) detection
‘5 Fading
él " channel AWGN U E 2
IFFT size N2
QAM symbol QAM symbol IFFT, Subband 2 Subband Remove CP2, | Signal
generating "|  mapping2 "| AddcCP2 filter > Filter2 FFT(Size N2) | detection

B OFDMsignal = OFDM_modulation(DataMapped , FFTsize, CPlength)
> ThRg: OFDMiMHHAINCP
> B
1 O DataMapped —Bf5t BT YR _H B 83E
O FFTsize - OFDMAHIET FIFFT 4k
O CPlength — OFDM ] J5 A I KB 5T &R I B
> #iH: OFDMsignal - OFDMi#I IR INICPJG KIF s 5
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Simplified Downlink F-OFDM System to be Implemented

eNB

QAM symbol QAM symbol IFFT, Subband 1 )
generating mapping1 Add CP1 filter Subband Remove CP1, Signal
Filter2 FFT(Size N1) detection
Fading
channel AWGN U E 2

QAM symbol QAM symbol IFFT, Subband 2 Subband Remove CP2, | Signal
mapping2 Add CP2 filter — | Filter2 FFT(Size N2) | detection

B SubbandSignal = TX_filter(OFDMsignal, TXfilter)

> ThRE: RIAURI S 5 TR

> BN
O OFDMsignal-OFDMA#H| A INCP )5 I 1845 5
O TXfilter— K% T H g o R

> #iHd: SubbandSignal - B G K TH =S

—
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Simplified Downlink F-OFDM System to be Implemented

eNB UE1l

QAM symbol QAM symbol IFFT, Subband 1
generating mappingl Add CP1 filter

Subband Remove CP1, Signal
Filter2 FFT(Size N1) detection

channel AWGN U E 2

Fading

Subband Remove CP2, | Signal
Filter2 FFT(Size N2) | detection

QAM symbol QAM symbol IFFT, Subband 2
generating mapping2 Add CP2 filter

B DataChannel = pass_fading_channel(Signal, CIR)
> e [ESBEEREGEE
> B
O Signal-RiXmE R B RIEE S
O CIR- {538 ik M B2
> $i: DataChannel- I HEEEB RN EES
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Simplified Downlink F-OFDM System to be Implemented

eNB UE1l

QAM symbol QAM symbol IFFT, Subband 1 )
generating mapping1 Add CP1 filter Subband Remove CP1, Signal
Filter2 FFT(Size N1) detection

channel AWGN U E 2

Fading

QAM symbol QAM symbol IFFT, Subband 2 Subband Remove CP2, | Signal
mapping2 Add CP2 filter — | Filter2 FFT(Size N2) | detection

B ReceivedData = AWGN(DataChannel, SNR)

> ThEg: IR gk

> B
O DataChannel-it %518 5 KR 5{5 5
O SNR- Es/No

> % : ReceivedData — YR BIFHRE B
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Simplified Downlink F-OFDM System to be Implemented

eNB

QAM symbol QAM symbol IFFT, Subband 1 )
generating mapping1 Add CP1 filter Subband Remove CP1, Signal
Filter2 FFT(Size N1) detection
Fading
channel AWGN U E 2

Subband
Filter2

Remove CP2, | Signal
FFT(Size N2) | detection

QAM symbol QAM symbol IFFT, Subband 2
generating mapping2 Add CP2 filter

B RecvdSubbandSignal = RX_filter(RecvdData, RXfilter)
> Theg: ORI S S5 T IR
> B
O RecvdData— W B I i 845 5
O RXfilter— W T U8 A48 R
> ¥itl: RecvdSubbandSignal — 83 J5 I FHi5 5
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Simplified Downlink F-OFDM System to be Implemented

IFFT size N1
QAM symbol .| QAM symbol .| IFFT, Subband 1 ]
generating mapping1 Add CP1 filter Subband ,| Remove CP1, . Signal | 0
Filter2 FFT(Size N1) detection
‘5 Fading
él " channel AWGN U E 2
IFFT size N2
QAM symbol QAM symbol IFFT, Subband 2 Subband Remove CP2, | Signal
generating "|  mapping2 "| AddcCP2 filter > Filter2 FFT(Size N2) | detection

M Signal4dEq = OFDM_Recv(RecvdSubbandSignal , FFTsize, CPlength)
> Thig: £CP, OFDMf#iA
> B
O RecvdSubbandSignal —iZUET#; _E KRS S A
O FFTsize - OFDMIA B FIFFT 8%
O CPlength— OFDMiR il J5 % I I FEER BT R 19K
> Hith:  Signal4Eq- EWC A A I S 5
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Simplified Downlink F-OFDM System to be Implemented

eNB

QAM symbol QAM symbol IFFT, Subband 1 )
generating mapping1 Add CP1 filter Subband Remove CP1, Signal
Filter2 FFT(Size N1) detection
Fading
channel AWGN U E 2

Subband Remove CP2, |
Filter2 FFT(Size N2)

Signal
detection

Resource y .
d .~ " —» Equalizer
e-mapping

h *
EC]Data = |h|2—+0_2 Yy Demo
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INTRODUCTION OF FILTER DESIGN
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Filter design

e Soft truncated filter with specific window is recommended to achieve

Q: HF I Ay B AT Ak
HAAZT RS A
BIE?

o Trade-off between time and frequency localization (that is ISl 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

X

Time domain response
9 = @
‘Time domain response
a °

‘Time domain response
S % g & S & &

o0 400 -200 o 200 400 600 d 200 200
sample

WSinc ) spec_win filter _time
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Example of filter

e Example with Hanning window

o Subcarrier spacing = 15KHz

o Subband = 720KHz
o Fs=30.72MHz (LTE baseband sampling rate)

/Q: EENF 5,
FBA YR A BB Y
% FE (6d BH %) B 1%
BARE?
rMNZET, M

\F%ﬁ??%ﬁﬁ?

W

WHanning (n) = 05 1— COS N—

filter _time

=W,

‘W

Sinc

Hanning

27N

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

Filter Design & Analysis Tool - [untitled.fda *]

File Edit Analysis Targets

View  Window Help

O S| <o 0T B R B # =2 [T o BB bl & 5] | K?

— Current Filter Information

Structure: Direct-Form FIR
Order: 512

Stable: es

Source: Designed

| Store Filter ...

[ Fitker Manager ..

— Magnitude Response (dB).

WMagnitude (d8)

Freguency (MH=)

— Response Type

— Filter Order

— Freguency Specifications

— Magnitude Specifications.

@ |Lowpass @ Specify order: |513 Units: |MHz -
=
= Highpass
Band Minimum order Fs: 0.7z The attenuation at cutoff
—* andpass . )
= Bandstop —_ Opticn Fo: 0.405 frequencies is fixed at & dB
pff‘ | Scale Passband
- Differentiator (half the passband gain}
@ | Design Method VWindow: Hann -
IR Butterworth
==
@ FIR i -
I_JtE]..j Viindionw PV —

Loading filter ... Done
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Low complexity filtering implementation

e Inorder to get better performance, long filter should be used, e.g., 512 or 1024. So low

complexity filtering implementation should be considered

Input Signal
Output Signal
y.(m)
Discard
V[0 = IFFT o {FFT e (X N FFT o D]l T ’ .o

D?f’;"’ y,(n)

points
Discard
T-1
points

Step 1: segment Step 2: frequency domain filtering Step 3: concatenation
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How We Judge and Compete the Results

Description

Requirement

Deliverables

Implement two Filtered-OFDM links, wherein the
subband filtering functions are switchable, i.e., when
the filter functions are switched off, the links will be
OFDM, otherwise they will be F-OFDM. The two
links should have different OFDM parameters,
including subcarrier spacing, CP length and TTI
length. Moreover, adjacent frequency subbands
should be used by the two links, and guard tones
should be reserved between the two subbands. The
performance gap between F-OFDM and OFDM
should be observed by setting different number of
guard tones, the performance metrics include:

1. The out-of-band emission of each link

2. The BLER/PER curves of each link

requirement, inclu

3km/h, (c) AWGN

1. Design correctly, simulation results are right

2. The performance of F-OFDM meets

des:

a. The OOBE is much better than OFDM
b. The BLER/PER are similar to OFDM under
the channel models of (a) ETU 3km/h, (b) EPA

3. Low complexity, fine reliability

4. Optimized filter design

The design document of F-OFDM links

The maltab simulation program of F-OFDM
links, and simulation report which should
include the OOBE simulation results, the
BLER/PER curves.

The FPGA implementation of F-OFDM links
and test report which should include the
OOBE and BLER performance.
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