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Introduction

Support ofi spectrally’ efficient Multi-Carrier Mode
Previous Letter Ballot 1 and 2 Comments

Initrall Simulation Results discussed in Jan ‘07
meeting

Additional simulation scenanos and results
iIncluded in the current preposal

clfic chhianges to the current standaral drait
el \oléd N the proposall for consideration




Problen Description

I a conventional Multi-Carrier depleyment scenario, Guand
pPands are used tie:
e Ensure the regulatery requirements on out-of-band emissions are
met

e Performance of adjacent channels (carrer) Is not degraded
significantly by the interference caused by the out-of-band

emissions

Simulation studies [2] feund that the reguirements en the

s RUmber of guasi-guarnd sulcanriers (Channel spacing) between
\dj t channels in a multi-carrier OEDM/A system! IS much

cl
e
J Sﬁ I\efﬂciency In the multi-carrier mode cani be improved by
| ing\a maller channel spacing
o Nugroee Quési—Guard sulbcarriers need not be the same as Guard

Ki ent than In the conventional system
L




Multi-Carrier Mode Suppoerted by
Current 802.20 Standard Drait

IRl the Multi-Carrier moede supported by the
curment 802,20 standard draft:

e Number of Quasi-Guard subcarriers IS the same as
Guard sulcarrers

Multiple values o guard subcarriers are

Uppoerted

SUup
\for example; In the case of 512 EET, the numier of

u% supcarriers in the PHY frame can be 32, 96, 160,

...\@r4

VB DID/EDD prepesal was evaluated assuming 32
¢JLIzl éklbca wiers

R\
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Out-of-Band Emission

Caused by noen-linearity In the transmitier

Majoer, dominant seurce: nen-lnear pewer
amplifier

Leads te spectral re-growth of the transmit signal

TThis out-ef-band emission Interferes with the
transmission In the adjacent channel

\djacent channel interierence can e reduced

B‘\bae Ofif

ffk«\en&hannel Spacing or guard bands

\



Power Amplifier Moedel for Simulation
RAPP’s PA model for AM/AM characteristics

SMoeothness facter, p = 2
Output Backefif (OBO) ~ 5 dB

AM/AM characteristics of the simulated PA model

Output power (dBm)
|

40+

| — RAPP model, p=2 |
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Input power (dBm)




End-to-end Link Simulation Model

Load

Random Forward Error Modulator subcarriers Include Assemble Up-sampling
Data Correction (BPSK, with IFFT Cydlic Data & RRC
Encoding QPSK, 16

Source (interleaving) QAM,...) modulated Prefix frame filtering
symbols

Baseband Equivalent Transmitter Model for iafkTs
Carrier at channel frequency offset = Af

Baseband Equivalent Transmitter Model for AIKTs °
Carrier at channel frequency offset = —Af

_li ; FIR filtering De- Remove
Non-linearity & Down- assemble Cyclic FFT Sgg]?f[
model sampling Data frame Prefix

ompute average

transmit signal power AWGN

& noise variance for generator
the desired SNR

BER/
BLER/
FER
computation




Poewer Spectrum of Tiransmit Signal

Power spectral density of transmit signal
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Power spectral density (dB/Hz)
@
o
T

TR T
j.-vﬁ*?&-%{"p"m e

1 g
M‘r
;‘J iy E

& \rAvWH:!#{“;‘r‘i

]
1h

I
Il

1

-40+ H‘\‘ ,,,,,,,,,,,,,,, “H“H ,,,,,, |
M:\”\“ \ )HHHM
iy ‘H‘ Il \.y
iy iy
,1‘1”“““\‘\‘\“( | \‘H‘“h‘ ‘H“‘»
e ‘\ Lt
=50 ' H‘N ‘\ H — PAinput —
. ‘ ‘ "”H\HH\HH fi \‘H‘ ﬂ |‘ -~ PA output (obo~5dB) 'H\H‘\‘MH M | :
! WMM HHHH‘WH‘H W | | I | Center: 16 QAM, adj chan: QPSK HHH\ ‘m\m H \‘U lm\ h i 0 f
‘\\ ‘\ kil i ‘\ Channel spacing: 5 MHz byl ‘\ P ,
G S ‘\‘\‘mm‘w‘\w mu‘wwh‘m Hi l l I \! \M It m‘\w i g H‘U Uik
60 \‘\“‘”‘\ iy \““‘\‘\“‘I“‘w g H‘Uwu‘uu/m {8 ‘ | i i H \H lh\w‘uh lww‘uw‘w“‘ I ‘m
-1 -0.8 -0.6 -0. 4 -0.2 0 0.2 0 4 0.6 0.8

Normalized frequency (Hz)

1

Channel spacing:
e 5 MHz (Af)

Cyan curve: Power
Spectral density of
transmit signal at PA
INPUL

Red curve: Transmit
signal spectrum at PA
ouipUL

e Out-oi-band
Spectral re-growth
due te PA
nonlinearity.



Simulation Results — Uncoded QPSK

Uncoded BER performance Uncoded QPSK

Simulated cases:
e 1 channel
e 3 channels with channel
Spacing:
5, 4.6, 4.3 and

S
2 4. 1MIHz
=
;*_? I 1 channel, no PA ‘ : ‘ e l
3 —— 1 channel, PA with OBO~5dB | | N Includes efifects ol Power
5 — — 3 channels, spacing: 5MHz, no PA ‘ ‘ ‘ e H H
£ 10°H + 3channels, spacing:4.6MHz, no PA e NON Amp“fler non“nearlty
| > 3channels, spacing:4.3MHz, no PA ] y
8- 3 channels, spacing:4.1MHz, no PA LJ RAPP S mOdel
3 channels, spacing:4.6MHz,PA ] _
O 3 channels, spacing:4.3MHz,PA T p — 2
| A 3channels, spacing:4.1MHz,PA {
PA: RAPP model(p=2), OBO~5dB ] OBO ~ 5 dB

| | | | | Error floor for channel
107 s s 5 . = . spacing < 4.1 MHz

E/N_ (dB)




Simulation Results — Coded QPSK

Enceded QPSK

Coded BER performance

Simulated cases:
e 1 channel
e 3 channels with channel
Spacing:
4.6, 4.3 and 4.1
MiHZz

Includes effects of Power
Amplifier nenlinearity

e RAPP’s model
‘ ‘ ‘ ‘ o j pI=2
1 channel, no PA ‘ : o~ ] OBO ~ 5dB

Probability of bit error

—— 1 channel, PA
-4|| O 3 channels, spacing:4.6MHz,PA

100 3 channels, spacing:4.3MHz,PA ) o } o ' SN 1 .
[| - 3channels, spacing:4.1MHz,PA R Degradatlon ~0.6 dB at
- PA: RAPP model(p=2), OBO~5dB ‘ ‘ ‘ —1A-
e, K7 Come. eors : BER=10 for channel
| | | | | spacing at 4.1 MHz
| | ‘ | | => Error floor significantly
10 15 2 25 3 35 4 reduced

\ E/N_ (dB)




Probability of bit error

Coded bit error rate performance

Simulation Results

— Encoded 16-QAM

—— 1 channel, no PA

— - 1 channel, PA
3 channels, spacing:5MHz, no PA
3 channels, spacing:5MHz, PA
3 channels, spacing:4.3MHz, no PA
3 channels, spacing:4.3MHz, PA

- 3 channels, spacing:4.1MHz, no PA
3 channels, spacing:4.1MHz, PA
PA: RAPP model(p=2), OBO~5dB
R-1/2, K=7 Conv. codes, 16—-QAM
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Encoded 16-QAM
Simulated cases:
e 1 channel
e 3 channels with channel
spacing:
5, 4.3 and 4.1 MHz
Includes efifiects ol Power
Amplifier nonlinearity.
o RAPP’s model
p=2
OBO ~ 5dB
Degradation at BER=10 for
channelispacing at 4.1 MHz
e 3.0 dB without PA
nonlinearity
e 4.0 dB with PA
nonlinearity

=> |Viore significant
degradation than QPSK



Perfermance degradation with
fespect to single channel

Reference case: Uncoded QPSK with PA nonlinearity.
3 channels with channel spacing:

o =092 0.861and 0.82 Al (Afi=5 MHZz), i.c.,= 4.6, 4.3 and 4.1 MHHz
RAPP’s PA model with pi= 2, OBO ~ 5 dB

Channel Spacing

BRI 092 Af | =0.86 AT | =0.82 AT
1072 0.2 dB 0.23 dB 1.2 dB

107 0:45 dB 0:55 dB =10/ dB

Nded QPSK

Conyolutionallcode
an%m symbol interleaving acress subcarriers

Channel Spacing

\&BE N = 092 AF = 0.86 Af = 0.82 Af

o7 Nol0dB | 00dB [ 013 dB

BioYe 0N0dB | 0:12dB | 0.46dB




Perfiermance Degradation: 16-QAM

Enceded 16-QAM
e Convelutienalicede
e Random symboel interleaving| across subcarriers

3 channels with channel spacing;
e > 0.86,0.82 Af (Af=5 MHZz)
o ie,>4.3 4.1MHz

Channel Spacing
= 0,86 Af = 0.82 Af
No PA PA No PA PA

0.6.dB 1.0'dB 1L7dB [ 2.25'dB
0.9.dB 1.5 dB 3.0.dB 4.0/dB




Proposed Changes te the current
Standard Draiit

Changes to Section 8.1.1.1

o suppoert the proposed feature, a new. protecel constant can be added:
NQuasiGuard,PR, for use in the MultiCarrier ON mode.

Changes to Section 6.5.6.1

A new field can be added to the Systeminfo block: NumQuasiGuardSubcarriers. The
new. field needs to be transmitted in the Systeminfe block when the number of carnniers
PEr Sector IS greater than one, I.e., in the MultiCarrier ON mede.

Changes to Section 9.3.2.2.2

... Ihe set ofi guasi-guardi subecarrers in the superframe: preamble shall be the
subcarriers numbered Nearrier_size*m — NQuasiGuard,PR /2 threugh Nearrier_size*m
+ NQuasiGuard,PR /2 — 1 where m =. 1, ..., Necarriers — 1. The set of quasi-guard
A subcarriers in each FL shall be the subcarriers numbered Ncarrier_size*m —
NQuasiGuard /2 to Ncarrier_size*m + NQuasiGuard /2 - 1 where m =. 1, ..., Ncarriers
uantity NQuasiGuardlis given by the NumQuasiGuardSubcarriers
er

hichi is part of the public data of the Overhead Messages: Protecol.”
anges\lo Section 9.4.1.2.2

‘...Th, u;i\-guard subcarriers in each RILL shall be the subecarriers numbered
J\Jcarr]er_ — NQuasiGuard /2 to Nearrier_size*m + NQuasiGuard /2 - 1 where m
’ i

S — 1. Y he number of quasi-guard subcarriers NQuasiGuard for the
BVErseidehaloe the 'same as the number of guasi-guard sulecarriers on the
reverse n by NumQuasiGuardSubcartiers, Whichiis part of the public data
SIRMENSVETHEEWNVIESSages Protocel for any: Sector....”

\




Conclusion

By allewing the number of gquasi-guarad
subcarriers to be a parameter that Is different
flremi the number of guard subarriers,, the
standara will'lbe moere fiexible in suppositing
Varieus system| deployment Scenarios so) as to

achieve higher spectral efficiency in a licensead
spectral bleck
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