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i frd SUMMARY

Supélec

* Non-linearities and PAPR Problem in Cognitive
Radio (CR) systems

— OFDM and Software Radio signal equivalence
— Cognitive Radio systems : Dynamic Spectrum Access

 PAPR Frequency Domain Interpretation in CR

— Free spectrum access under PAPR metric constraint

— PAPR reduction methods based on adding signals in
the frequency domain (tone reservation, ...)

|

Hu II

i €

Line grande école d'ingénieurs au coeur des sciences de ['information et de I'énergie



| ECOLE
‘*’ SUPERIEURE
' D'ELECTRICITE

Supélec

SUMMARY

* Non-linearities and PAPR Problem in Cognitive Radio
(CR) systems

— OFDM and Software Radio signal equivalence

— Cognitive Radio systems : Dynamic Spectrum Access
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— Free spectrum access under PAPR metric constraint
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— PAPR mitigation methods based on adding signals in
the frequency domain (tone reservation, ...)
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DELECTRICITE Characteristics

A 2.5G terminal power budget:

. Power : A key factor in telecommunications
. 60-70 % of power consumption due to HPA*

High Power Amplifier

Base band
processings

RF Stages

* HPA : High Power Amplifier

P,

AMPLIFIER °
'
Py
Power budget :
P+R.=R+P,
- P
Power efficiency : n=—
I:)dc
® ,_.-'U'_Gr——-__‘*__

POWER
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« OFDM is a multiplex of modulated carriers.
— Multicarrier nature of OFDM causes large power s
fluctuations. .
. J
. . . v . f
« SWR is also a multiplex of modulated carriers N Carriers
— Case 1 : Mono Standard signals (A f = cnst ) OFDM frequency view

— Case 2 : Multi Standard signals (A f # cnst )
=> SWR signal also demonstrates large power

i GSM WLAN
fluctuations. s() s
« Power fluctuations are generally described by 000 et 2acHe
the term PAPR (Peak to Average Power Ratio) MHz B
— PAPR=maximum power/ average power SWR frequency view
* As PAPR is a random variable so it Is presented
by its cumulative distribution function, ¢ e
CCDF = Pr[PR > PR| B =5 0 )1

Line grande école d'ingénieurs au coeur des sciences de ['information et de I'énergie



ECOLE

<UPERIEURE SWR and OFDM : The

D'ELECTRICITE Gaussian Equivalence

Supélc

Prob. density
For signals with large number of function of real part
modulated sub-carriers N, we szsﬂ_\:i_R signal
have shown the equivalence E 0020
between OFDM and SWR PAPR
distribution.
SWR=MC-GMSK+ MC-QPSK+OFDM el a2l e
with N=64 L=4 for all modulations S pm— e
py——e oo
SWR signal follows classical OFDM s by
PAPR distribution curve: : :
Pr[PR> PRy ~ 1 — e VENVPRoe o &,
Conclusions :
Equivalence between OFDM and SWR T e
motivated to use same analysis and the BE= F 5=
same methods for PAPR mitigation as for e s
OFDM. Seminar SCEE 7
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 Real time modification of the physical layer parameters (link
adaptation).

* Insert spectrum (tones) in between standards or inside the standards
(opportunistic communication).
— Find hole, check if useful and then insert the tones

=> Global PAPR is modified

ampl. ‘
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ACPR
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Spectrum access should not increase the L B s
out of band power level to avoid interference with A—
other signals == = 3
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PAPR mitigation solutions after spectrum access

- P
Power Amplifier , = »~ |, High efficiency out 4
p 1 efficiency Fo zone
v/

|

Power Amplifiey

" Pra | P
N : i P "
Low efficiency ~— — P . sat
zone in
' Solution 2 :

' Insertion with
. PAPR constraint

 >>High PA
Solution 1: Large IBO . efficiency
>> Low PA efficiency —T

before spectrum insertion
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Seminar SCEE 10

after spectrum insertion w/o taking PAPR into account .
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SUMMARY

* Non-linearities and PAPR problem in Cognitive
Radio

— OFDM and Software Radio signals equivalency
— Cognitive Radio systems : dynamical Spectrum
Access

« PAPR Frequency Domain Interpretation

— Free spectrum access under PAPR metric constraint

— PAPR reduction methods based on adding signals in
the frequency domain (tone reservation, ...)
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Frequency Domain PAPR
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Supélec Interpretation (1/7)
* In OFDM frequency ‘o - B | Eak
symbols ‘C’ are tabulated | A0
as carrier per carrier.
+ If Ns (Number of OFDM i o
symbols) increases, ()| po)| ] e o)
PAPR approches FET
theoretical upper bound.
S40 Sqq S S,(n)
* Rows and columns S0 | S St [ 54
interchangeable for
PAPR calculations.
CSJ
Sr=n Sz Shisr-1 SNS(F'I)
Ny N N Ng
D vt D2aem1 Cepexp(2mre/N) =3 )2 Cepr exp(i2mre/N) .
Goal : Express (time) PAPR vs individual carrier PAPR as each  wuw. ) S
carrier PAPR being very easy to compute Seminar SCEE 12
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(D2 my P (k)X PRy )max(max(Aj,k)))
PRy (S < - A 1
N, (S(n)) < S ) (1)
k(p—p’)

] N T 2im———
)\(.]7 k) — szl Cj,p Zp/;ép Cj,p/GQ N, € J, ke K.

e It demonstrates that °?;.,,, is upperbounded by relation (1) which
depends only on frequency components.

where

s | 16 QAM

g Lo jjj)ijjjjj jjjj?ﬁﬁ jjjjjjjjjé 64 Carrier
ge e OFDM Signal

e
-------------------------------- : g L BN 090 B0 0™
i E E= E ==
10 ¢ 7 8 9 10 11 12 E = = E=

PROGEBY . EeSTOUT CELECTRONIGUE ET DF TELECOMMUNICATIONS G RERRES

Upperbound and /? R;esmp distribution for OFDM
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 FFT size and modulation type effects
FFT size effect on OFDM upper Modulation type effect on OFDM upper
bound bound
100_ o % UpperBt;und;N=32 100_§ B B —
- A gtz | [
A N SN S T &
u """" S R E0 .16 Q'A"M a&id QP'S'K
— FE S N S— 64 Carrier
’ﬁﬁ:ﬁﬁﬁﬁﬁ:,,,J,,,,,,,,,,,,,,,,,J,,,,,,,,,,,,,,,,,,L,,,,,,,,,,,,,,,[:ﬁﬁﬁ:ﬁ:ﬁf?:ﬁﬁﬁﬁ:,[,f%:: 10 OFDM Slgnal
10 s ] : i A M A o’ 106 7 é 9 10 11 12
PRO (dB) PRO (dB)
Upperbound approaches 2 2 ¢y, When Upperbound = P R;cyr,, for PSK
N becomes large modulations
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* Application to any SWR signals
— SWR signal is sliced into pieces of FFT size
— FFT is taken on these pieces to get ‘C’
— Eq. () is applied on ‘C’ and uppper bound is obtained

=
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-With the help of this view we can :
- Estimate the spectrum access influence on global PAPR with the help of
individual frequential PAPR

-Optimize some of these added carriers for PAPR mitigation (while the others to
transmit useful data)

Free B.W
Standard 1 < > Standard 2

Carriers for PAPR mitigation Carriers for data

v

Possible methods : TR, Geometrical tone adding method @

)

Hl /

i €

oX

1) D Guel, J Palicot, Y Louét, “A Geometric Method for PAPR Reduction in a Adding Signal in context fat,
DFDM Signals”, International Conference on Digital Signal Processing, DSP 2007, 1-5 July 2007, Cardiff, UK e -
Seminar SCEE 16
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eAdded Carrier Effect on PAPR Upper Bound

PAPRy,(S(n)) < PAPR;pyy + PAPRyq4cq
PAPR;,;; = PAPR,
PAPR,44eq = PAPRs + PAPRm
Wlth 1 2mkp /N |2
PAPR, ~ MXker(Maxies(3,ep Cipe T N))

> k=1Pm(k)
PAPRg r 2%hek(MaXje (| ses C;,s€72hs/N|2))

> k=1 Pm(k) | |

PAPER,, ~ T@er(Maxjes (23 ,cp Cipe 2™ NI X 5 O™ N])

where
p € P . Primary carriers
s € 5 : Secondary carriers
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*With limited spectral knowledge of primary user:

CJ’Se'LZTFkS/N|2—|—2Np|Cp’ma,x| ZSGS 03’86127TI€S/N|))
N
Zk:l Pm(k)

maxye x (max;e (| Zses

PAPR qded <
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3 . . . . . . .
> : : : : : :
Ao NIy N ) N, = 62
10 JIITIIIIIIIIIIIILILE S R IR I
B, g ARy NV = 4 QPSK symbols
& R . R S NN LN
\————  Original PAPR| : . | |
T 7" E;a-"-ﬁ;a""ﬂ;"-.UB overwhole?spectrum' "'E """"""""" " _"E'"""":""""" ""‘:"" "-m._
| UB with Cp known : AR B ot
, : UB with Cp unknown ' v E = B
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o (dB) Seminar SCEE 18
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« Spectrum access in CR should be:

 performed taking care of the amplification problems
*PAPR frequency domain view would help in:

*Free spectrum access under PAPR metric constraint.

*Application of PAPR reduction methods based on adding signals in
the frequency domain (tone reservation, ...).
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