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Cognitive Radio (CR) i

Spectral

sketch of the

transmitted e e

signal % \\ A
Time, £ l I I I | | | | | | { l

\'\\ / i Sensing Adaptation
e 1, |1 LN A% B4 - P_% PU/ interference Change the system
| | > N detegtion parameters
Time. 5 —4 P Il: o I v ] R J:F PU H PU |- I
Cooperation
. . . MAC Combine sensing measurement and
Received signal strength in jointly allocate spectrum
dicator (RSSI):
1
1 L-1 N-1 2 >
M(r)=— (Z V(n) ) T rsss
L = n=0
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Motivation

Time, 1>

B system 1 Previous work:
e OR. System 2 - Ad-hoc standard detection method.
""""" iR\‘\‘\‘. System 3 - Need algorithm for complex scenario.
rime, l hd ¥ 1> || | | |
\\\ / Practical/lmplement consideration:
1 > > e,y ] [ ]
I

- Hardware/Software implementation?
e e v IHWH w KB - Always need complex detection algorithm'

Issues of multi-standard spectrum sensing:

- PUs detection & identification. (combine previous detection
methods and reduce the system complexity)

- How many systems we can cover in our scenario?

- How often to sense? (software implementation
performance)

GIEE CAD System Lab.
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System Parameters ]

FFT/data CpP Gl Symbol
(samples) (ratio/samples) | Duration | Duration
802.11a/g 64/48 1/4 (16) 0.8 us 4 us
64/5) 1/4 (16) 0.8 us 4 us
1/8 (8) 0.4 us 3.6 us
802.11n 1/4 (32) 0.8 us 4 us
A 1/8 (16) 0.4 us 3.6 us
802.16d 256/192 1/8 (32) 8 us 72 us
802.16¢ 512/360 1/8 (64) 11.4 us 102.9 us
Gl: guard interval
CP: cyclic prefix —
(AN
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Single standard
=> RSSI
802.16d
802.16e
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802.11n
Two standards -
Identify between OFDM and non-OFDM
8021 1 9 standards
=> characteristic
802.11b
802.11a
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| Thrlee standalrds | |
Identificati f ltiple OFDM
802_1 1 n entrica Ig{lasd;r:.gslp e
~_=>0ther feature
802.11a
802.16d
802.16e |
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Common OFDM Signal Charact i

Frequency domain€© ristic

fmte;“
A A fequency A A
- Pilot \ ] “
S -l:rs::1.-20'.1:'.-1:5'.:::-1:0:: -:S:.': .:.'.‘; i ::1:':}.'::.‘1:5::.‘:2':I :::2:5 .‘f;m?f:-
0 nuiber
. n [ ]
Time domain
- 16 s preamble .
: 10x.8 us=8us Léus+2x3ius=8us AUs+12us=4ps Lus+32us=4ns

- Preamble

Guard Signal field Xﬁuﬂrﬂ First data symbol § roee=-

- Cyclic prefix NG, NFF |

P 1 . -

\ 2 \ 2 1
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Cvclic Prefix Detector

NCP| NFFT I
I Il |
CP CP CP
7 7
Observation space
(2NFFT + NCP)
oving
»? Sum (2 -\
|2
T Delay
r(n) l N, FFT
oving
Ncp
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FFTidata | CP Symbol
(samples) samples duration

802Malg 6448
802,11 6452 14 (16)
118 8)

181108 114 (32)

118 (16)

Fived WIMAX 2561192 158 (32)
Mobile WIMAX 5121360 118 (64)

G+N_, -1

0.8us
0.8us
0.4us
0.8us
0.4us
Bus
11.4us

dus
3.6us
dus
3.6us
T2us
1029us

P@O)= > [r(n) +r(n+Nepp)]

n=¢g

Max |—1=> Tcp

Q_NEP _1

S(0) = Zr(n)r*{n +Nppp)
n=4
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Cyclostationary Property i

Cyclostationary
R, (t,1)= E{x(t+1/2)x(t-1/2)}

Cyclic autocorrelation function (CAF)

a — 13 i Vi/2 - —i2armt
RI(1) = \}}qu v I_Wz x(+1/2)x(t-1/2)e dt DET
Spectral correlation function (SCF)
a —_ a - j2n fi : n o
S ()= I—w R, (T)e dr : WL I | by
M| ( ‘ | » I '\fﬁ_
- lim lim— (VL fra J2)X (f-a /2de e A
Vi Vie o \ff I—Vt/z AT YV ,E'J H ’ ‘ ” N "
ML
[Annual Conference on Signals, Systems and Computers 2004]
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SCF Detector -

Design adopted uses a time-smoothed cyclic cross perio
dogram

2

1 L-1 -1

SD;’ [k]= ZZ X[k1X [k - a W[k] X[k]1='Y x[nle

-i2nnk/N

=0

S

Optimum feature detection is performed through correlati
on of the cyclic periodogram with the spectral correlation

function
Delay %
P o (G D
S5 k]
dn—| FFT —1 Average| PTG
X[k]
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Summary: Spectrum Sensing M
[Case ] single standa@th&@d

Case |l] two standards: RSSI+CP
Case Ill] three standards: RSSI+SCF x Enerny )<

Feature
(CP)

Mobile-WiMAX iked-WiMAX
BWI11 25 § 10 20 MH-=~ 25 or 10 MH-=
1~ B J I-LU, \.l, I\J’L\J LA ALY~ A\ A4 "4l TU TVET T4
I
2.305 2.345 25 3.4 | 5.725
2-32 236 269 36 825
802.11b 802.11a
BW: 22 MHz BW: 20 MHz
80211g 802.11n
BW.: 20 Mbiz BW.: 20-or 40-MHz
)-0r-4
2.401 2.426 2.451 5.159 5.725
YAy e .70 s ) v J.IJ J.UoJ >
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Software Implementation

Advantage of software radio

- Adaptable

- Reduce the size and cost
Disadvantage of software radio
- Slow

Selected software radio platform
- TI C6416 DSP

Optimization techniques

- Tl compiler optimization level-2 (software pipelining)
- Tl intrinsic

GIEE CAD System Lab. 19
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Design Flow )

Experimental platform
- TI Co416 DSP
- 600MHz clock frequency

- Very-long-instruction-word (VLIW) architecture
- 8 function units (2 multipliers and 6 ALUs)
- Tl c6416 is more powerful than required

Survey for future accelerators
- Operating freq. for co-processor with similar architecture
- Processing power requirement

GIEE CAD System Lab. 20
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Code Implementation Flow '

Flhase 1: I Write C code I
Oevelop © Code

E_‘.:Drnp le

F"rD'F'IE

@ Complete
MNo

Fefine C code
Hhase 2: F 5
Refine ©C Code

Compile

I Profile I

Complete

—l Write linear assembly |
Hhase 3:

Wirite Linear
Assembly

3
I Asaeml:lly optimize I

F‘r-clf'le

Complete

GIEE CAD System Lab.

Naive Coding
- ldentify system requirement
- Fixed—point coding

- TI's compiler opt level-2

Hand Optimization
- Optimize common blocks

- Adopt TI's intrinsic

21
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= Simulation Results
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RSSI(cycle) CP(cycle) SCF(cycle)
802.11a/g 2,849 477,856 2,253,203
2,849 477,856 2,253,203
254,604
802.11n 1823 508
5,665 946,980 4,966,612
802.16d 11,297 3,646,584 10,376,996
802.16¢ 22,561 14,305,068 22,708,023
GIEE CAD System Lab. %%@% 23
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Number of Symbols to Meet Accuracy Requirements.

Syml?ols RSSI CP SCF
Required
1 4 60
Effective Time RSSI(ps) CP(ns) SCF(us)
802.11a/g 4 16 240
4 16 240
802.11n 3.6 14.4 216
4 16 240
802.16d 72 288 4320
802.16e¢ 102.9 411.6 6174

GIEE CAD System Lab. 24
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Nalve Fixed Point C

RSSI (us) CP (ns) SCF (ps)
802.11a/g 4.76 798.02 3,762.85
4.76 19802 3,762.85

42522

802.11n TR
9.46 5810 8,204.24
802.16d 18.866 6,089.8 17,329.6
802.16¢ 37.68 23,889.5 37,922.4

X:Does not meet the time constraint, optimization required !!
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Optimization of Common Bloc _
Common blocks kﬁ_

| 2| _I Moving .| Average | = I
- sum of square A N e O I e R
- moving sum —
~ ovIn, P(g)
- FFT Yol
. . . I _2- o
Optimization : |1 ! & wox | 10
. Delay
- Call Tl .asm library "™ W __
S — ST
UL
" ( )‘T
Al e X @ e Ly | vee [
|
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8Fixed—point coding

(6x)
6
A= CallDSPtlibrary —
(20~50x)
2 1 2 3 4
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Overall Performance (RSSI) i

1 2 3 4
Ori. C | Intrinsic | DSPLib | DSPLib
(float) (short) (short) (short)
-02
13,184 2,209 103 103
802.11n 13,184 2,209 103 103
26,773 4,353 135 135
Fixed 54,095 8,641 199 199
WiMAX
Mobile 107,163 | 17,217 327 327
WiMAX

GIEE CAD System Lab.
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Overall Performance (CP)

Software pipelining

12
12
1 10
8
Fixed—point coding
More efficd'g_rg gpg%g
A (5.85~23.5x)
Call DSP library
2 (1-4~1.48x)
0
2 4
2 5 -
0

3:85~8x)

GIEE CAD System Lab.

1 2
Ori. C Opt. C
(float) (float)
3186926 544680
802.11n 3186926 544680
1649214 517524
12637578 | 1105608
6432710 1054904
Fixed 25032378 | 2103808
WIiMAX
Mobile 98754582 | 4205160
WiMAX
2., 3. 4, .
Opt. C Intrinsic | DSPLib | Intrinsic
(float) (short) (short) (short)
-02
544680 82504 59268 21396
802.11n 544680 82504 59268 21396
517524 79940 58372 20684
1105608 151428 104252 28312
1054904 147904 104124 28020
Fixed 2103808 281604 192956 41368
WIiMAX
Mobile 4205160 550604 371204 68584
WIiMAX

28
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Overall Performance (SCF) i

1 2 3 4
12 Ori. Fixed- DSPLib DSPLib
(float) point (int) (short) (short)
-02
10
3,322,438 | 2,274,812 | 935,178 64,276
(1.5x)
8 802.11n 3,322,438 | 2,274,812 | 935,178 64,276
7,085,767 | 5,007,357 | 1854,105 128,056
3 Call DSP library Fixed 14,604,21 | 10,456,01 | 3695,593 | 243,256
(2.4~3) WiMAX 1 3
' Mobile 31,032,62 | 22,820,47 | 7,418,109 | 514,134
4 WiMAX ) 6
Software pipelining
2
(8x)
0 .
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Results of Optimized Code

RSSI (us) CP (us) SCF (ps)

802.11a/g 0.172 35.73 107.34
0.172 39.73 107.34

34.54

802.11n ek
0.225 168 213.85
802.16d 0.332 69.1 406.24
802.16¢ 0.546 114.54 858.6

*All of the spectrum sensing techniques meet the time constraint

GIEE CAD System Lab.
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¥,

System Performance on Tl C64

Case |: 40.978pus
Case Il: 502.628us
Case lll: 6233.742us

Total: 6777.348us = 7Tms

Mobile-WiMAX
BW. 1.25, 510,20 MHz

2.?054

[
2.345

X4e
236

802.11b

BW. 22 MHz

@600MHz | RSSI SCF
1 6 802.11a/g 0.172ys 35.73us 107.34ps
802.11n 0.172us 35.73us 107.34ps
34.54us
0.225us 47.3us 213.85us
46.8Us
Fixed WIMAX |~ 0.332ps 69.1us 406.24ps
Mobile WiMAX |  0.546s 114.54ys 858.6s
Fixed-WiMAX (0.332+406.24)
| BW: 3.5 0r 10 MHz X9
| |
L 2 A 34 5.725
0.54px37| 0.332x56
802.11a

BW. 20 MHz

(0.172+35.73) 802.11g 802.11n
14 BW; 20 MHz BW:; 20 or 40 MHz
X 2401 || 2.426 2.451 (O' 172+1 07'34) 5.15 5.725 (0'225+21 3'85)
'7;’)’2 OIAQ ’);7’2 X12 R;R :;’)R X6
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ 2473 535 5825 S

GIEE CAD System Lab.
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Conclusion

Proposed a case base signal detection techniques for 8
02.11a/b/g/n and Fixed/Mobile WiMAX spectrum sensin

g.
|dentified the common blocks for spectrum sensing.
Requires 7 ms to perform all the detections on TI-C6416,

Scale DSP operating speed according to the required co
gnition frequency.

Review the issues of multi-standard spectrum sensing:

- Multiple PUs detection & identification.

- How many systems we can cover in our scenario? Ié?x2éc1jl1l\a;ll/o bé ﬁé nWiMAX
- Frequency to sense? 7ms @600MHz (8 ALUs)

GIEE CAD System Lab. 33
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THANK YOUM!
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