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Abstract

Cognitive radio has been proposed as a viable solution to alleviate spectrum scarcity problems
and improve spectrum efficiency. However, some related theories were difficult to be verified be-
cause of the absence of mature prototype and experimental platform. Also, some cross-layered
protocols in cognitive radio networks cannot be trivially implemented in off-the-shelf hardware.
To resolve these problems, therefore, a new cognitive radio extension framework based on NS3
simulator (CRE-NS3) was proposed and implemented. This simulation platform incorporated
some functions of cognitive radio and cross-layered protocols to improve spectrum efficiency in
space, time and frequency. The simulation results show that the CRE-NS3 verified the feasibilities
of cross-layered protocols and cognitive capabilities. Moreover, it can be extended to the actual
larger-scale cognitive networks, and provides an approach to research of key techniques in next-
generation wireless networks.
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1. 51§

BEE EHC+. AR B . N AR EEE MRS BALRHC I RISk, AT T LA % I8 i 75 5K
5 RETCLME SR 2 [ 4L 7 o0 & H S, Tk o2k #i[1] (Cognitive Radio, CR)ECR IR, A
ZRMRIX — TP JE AL T MR 7 % . NS P (Cognitive Radio Users) [ 38 i 3t 81 i H bR B2AUEL,
T 3 A P (Primary Users, PU, WARIZAUH )& 75 1% B beiB: TAE, & FEHPATAE, NFIH AL
AAPL” B NI NSRS . T — B R B RN R, W P AT R R BUR B i, B 1%
BB, DA 3 P AR [2] . AT ZR A I X AU AR A (8] B IA) . AERSE 2 YRR Lk
AT WEEARAE )« R o] DU U DA BR RIS 0 1) S0 25 (0 FH i R, B OKH it 2R B FH

INHITCE B D e S T AT I BN A YE TR E 1 FE 28 BADL7 3 T B S M, X5 Wi 038 e RAR Kk
. HAT, KT INRITCL B R0 T BB H R sy T, AR il b, BN R H T
1 OPNET, OMNeT++, NS2 & . SCHR[3JMI[4]H, 1EZEFIH OPNET B+ L HAT E o #r 1 Bl Jo Lk
FLIGEAA$Z N (medium access control, MAC)Z WM. SCHR[S]H, 1E&FIH OMNeT++M 4445 B T 2Aig i —14
CR HEY JRMsiH, iZ RN HZMED, FERMHIANTELE MAC EPh. STkl 1E#
FIH NS2 2847 B T 2B T — A HITCZR H A K 2% (Cognitive Radio Cognitive Network, CRCN) 1/ H.#%
TR, %07 AT R AL IR [BIE B R R P APIs (application programming interfaces).
Z IR ASE R NS E L. SCER[7TH, EE R NS2 W2 THEBF 7 —/MAFIZ iy
JEAER CogNS, ZARER A AN sl — AN W24 TR T 3 P 0035 30, AR BT A o) v Sk
HEWT HH AT ARG TE, 3 R B A R I BN SCREZ S SRTT, _Fadix 64y L T HAFAE S FPAS 2 A,
IV AN B Y BFf A0 SIZ s K RIS T 42 30 15 P 4% B 58 DA SE BN RTTE 2 PRI D e

bt b R, S5 [ HE B K 2% Thomas R. Henderson #0437 & HL I H 4LAF 78 7 38 9 IR 48 540, T B NS3
(network simulator 3) [8], I LASE I &8 Rk i AU AR E M 4, IX AR ToZe Bl 307 & (T4
BET W E . SCER[O] B RIZ K N TE 2R si g 2 1) NS-3 M2 il o, $2H T CRE-NS3 I\ ALk iy
JEBH . 1% CRE-NS3 4 R B HUIE & K HUBLIK X 254540, mT LASCEIA RN T 4k Ao AT Sk . Al L 4
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WUIHEEDIRE, SRR BB R I A . ASTRARTSL T CRE-NS3 4 JRABLHL KA < Tl A
it — B 7N L 46 i 2= M E R ThBE -

2. INFIPI4E NS3 {HEER
2.1. NI

Mg 2 SRR BOAT s MR TE R A ) B2 H 1, HIEAR H AR R 2 m g PR RE e o >
TR ER,  INRITC R 8 AN T B C 46 Xt R A (VSRR 77, 1T L3 B SR EBURH B (14 4 Jt 3 7
B, SRJEIRYE B S I5E S RE S A SACIZAE AT, X 20 B DUREAT H R (K3 R AE 18, 4k T RE T 2 R
FIT SRR R (1) 4= 0 ity 4 AR N TR s sz b e B4, T IA R TG 2R R I AR 5T T (R F 92K
HERFEUT LN TH: MAC =, MERKMZZ, BRI DR A o2l msoR . JoLk
BE KA SRR SN MR AR IS )R Bt DL EOARITEE FL ) S R

22.NS3FEEENA

NS3 AJ& NS2 FIFFZRR, T & — AN 4T A3 T B O A (1 P 28 BAUL7 B AR . BRAR H e BT SR
W28 P A e NS2 4xfi, {EAR 22 M2 Bl 28 IE A NS-2 #5 3 NS-3, ‘¥ /& NS2 (I & B . EA
HEEFE T 2007 B0 B A OPNET A1 NS-2 [k i, JEaR BB LS, 1 Hic BA A &1
P, FEARIAEM TSI :

1) —AAHH CH4i 5 1 %

2) THTRLEE, At kR bR o gl 5 25T,

3) FTULRIAEEE M 5o fe,  ELARED 2 B Al 31 S b ik 4 Hh AR

4) FRAL T TR I T R AN RS B S R S A B R B AR

5) W4 VRNV 25 12 11 5 S PR N 25 1A v B — 3501k

6) EA =S LR RS (NSS 1 B SR A).

NS3 A, 75 K & AR 7 RACTS AR 2255 F ) I 2% U UBE e, ANk 1] 1 Bz . Bl 120 (core)
PRALT W AE S PN X 28 B A S A P FH (R ZELF, 2 A NS-3 3 AT FIFF K [ EAilh, L ARAS 7E sre/core
AT s AR (network) EARIS AL TN M. HbhESRAL, packet ZEih R AL A Z (Internet,
Mobility, Devices, ...... VIRME L E NS T MR Besr . AR AY, B MR R,
TERAT BN PSR4 T S A ) BhF- s (helper), 7 4 5 475 B BRI IS 0] DL 28 BB S B ) 240715, R
FAEHL TR AP B A T {58 1) R P BB SR A (R ZEA s RS (test)y B0 & 1 ARERTT % 3k R mh 1 ik
KN 1, NS3 AL HI A 2H)

2.3. CR-NS3 R #&R

BIRNS3 HIRZ L HE, B H AT HED CR LI SCRIRE, DRI U SUZ /5 ZE A N B . Bildn,
T B E ARG T RIE . BCE, SAHBENT RS A, PELE N AT 3
RIS MAC JZ 5 € A& AT B DI, 3% 12 5 SR A0 2 i (KT (508 . gk, ARAE 5& B
HWE& 1~ FCC IER, Brfi CR AP A — MR A Kl 22, A CR 3 A B i A7 Ak D g LA
AW AEE. BRI, NS3 [ CR § REHTRE A LU N Ife:

1) EEMAEABIERA. ER AN R, FIEYIH. SUE S TRE

2) A Kl A AR D RE LASRAS T P IS SRS S A

3) AT IABE i BEA FOARNT AR AR 5
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4) ToBELFFZAIE 2 T sS4 s

5) HEALAHIN N FFE 82 L1(APLs), it Doxygen [11]75 k3 & [0k .

N ARYE CR T AT AT ARG ER T 8 < RIS B AT e 5 AR D) e A 4L 52, 151 CRE-NS3
YR, & 2 Frs. B AR F AR He (Spectrum Managen #24 T — AN B &1, BT APls. &
T 255 NS3 [ HABBE I T (5 B A8 o AT 5 FAS He 2 A AT R R B P i) s AT o . A
DI fATS L = DA, JLThRE 2 5N -

B JRR A 1 % PE T ) (Spectrum Sensing/DB Query) bl : 4 i@t — L EH R T HHE 4
MfEIE, FRAEFT IR EA PU B0 ZE D 32 F P 135G 2 R4S (ON/OFF) . {5 B 88 HH BTk ) PU 2dE
& PUXt SCARSCHE, BB T EH PR Ul G HIEIE. 5%, ON/OFF i a1FIFK . B Fi# ]
PURRHE 3= HI 7 ONJOFF I [] A 12 5T (A i # 20-A1) 7 A AN Btk PULixe SO
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Figure 1. Software structure of NS3
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AFHE HL 3R (Spectrum  Decision)f5idi: DA FH P AR B 45 HEwE v 75 D)4 (5 38 A1 ZE D) 3 B — NS 1E
T RUX S SRR TR, AT R BRAT LA AN [R] SRS

ARRE LI (Spectrum Mobility) k. HPERZ I 0], 76 R0 2SS SIS )R PR

AFHE SL 2 (Spectrum Sharing)fiHe: 3 A R\ B AN MAC 802_11 A Skafi (R [F] — {518 AL
S P R AT AJG 9 3R = AT R A

X LG R A) % GG, FRIOARFT . 9, o R S AR BN, T AT R 28 2 A API: start Sensing
And SwitchIf Necessary(), Atk BENRH N 45 25 ) PU $0di 22, 0 F AT RS v Sepbibie . SR AT pe S st
Byl g I P BB 5 — NS NS IE, s U AR DI B AT D4 . IR — S, MR T AR
At 2 3 R 48 4 1 ) — M 4% 2 B AR S 5 [12]

2.4. NS3 il BRY &2

AATVEGE I R AT A& 2 NS3 B — JZ P MR LASEEL CR 15 fiZhfg. FrEcl ) CR 15 s 40 J2 44 [9] an 4]
3 Fion. HEIAAL, CR 3R BT A 4 E 5] N LA™ APIs AT 8%, 7870 FIH NS3 fkric Thfg,
FH S5 B Ie — N A DL I A L PO B e, ANTTTBE A T4« B TR, BT iR
— B BB

1) fE5 )2 Bt 2 A A e AR ic N DATA B, JERERZEH HIEFMEH . sl ik
2 M ATA YL, W TCP. UDP %,

2) M%%JZ: CRs MILEHECE NINATELE G AN 4%, AODV Bl thil. H AODV P E I hril
4 CTRL(#ZHI), BARZRARIR 8 CTRL BB HEAHM ) MAC 42110 IbAh, bt i (APR)# ™
&, DLBEBTAR IR L B 2 H T A MAC B2 0.

3) HEMCAVIELE: TEXMEM T KEMBS. ok, & X TH N Cognitive Interface, &FAMAKI
AT LA RO . W 3 Fis, BASAEEE O 3 ML MAC-PHY 2. ZB— M2l
CTRL, HFfefmattistmlEiEniam g s s, W, AODV M ARP. 5 “AMEKIERIT TX, FIREMAR
R EEETE S . ML O AT DIEAS RS [ D)3, R BB (0 R LA R e B = AN — AT Y
R RX, ST A PGSR, MEH &N )(EE, @it AODV ) HELLO i@ A
AT S FTIE BTG . TR A DA AR 8 I AT BB A TR R A PR 5 S T B 2
PE. Hk, 1B T KixB O R4 DI BE(DCF),  LMERA S A7 B K 141518 (AR MAC BAFI, A
B F TX 8 OEARE U) i i B B i S B . AN, EVELERIN T A ERNIRES . WL RS
RASFI S L APIs KA PU FIEBIPIRAS . BATADIH BT i NS-3 J& 1R GuE . FEREZE T
TERTE L HIEIE Y, XEEFEA AR IR, (EHSATFER TR, /& NS-3 LA BIA TR E .

RX WA 42 HR ] 4 58 BRI T TAE . RX B2 0 & 56 HEAT B0 (Sense),  fn A& 21 32 FH P i
A3, RX BN R (Transmit) R4S, 76 TR IS 8] B I A se 25008, ik (] BURATIRAS . a0 AR
WEFEFH PGS, RX YL (Decision)RAS . & R R SAF R AEFH P G FHREE, WATE 244G
A, SCRUR B BURACRA ;. A UORYIEE, WFHERE DR —(E1E, SR )55 2% (Handoff) 1k
& UNRSERG HHR BURANIRAS, AR LB BIWTAR RS .

3. CR-NS3 HISLHl 5t B 1T

NS-3 FISEILLFE AR 2 I, A CAE R AT EEHHIA CRE-NS3 ¥ BB 4] 7 NS-3 {/j H
P SEEL, FEIE AN T B RE AT R IGAE . 7 BUASERC E A ubuntul2.04 Linux #:1FE & 48, NS-3 XH
BHRA NS-3.25. {iES3ikE: Fra =M~ ON/OFF B A IR N Z%8 0.5, 0.1 f3s¥45, 5 H ON

@
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B 4. RX # ORI ZAER

FIRECH 21, EH P AT REESCON 10, A FH P SIE S E 110 K.

NP A H: CRE-NS3 fSZELIEFE . 7F ubuntul2.04 Linux 30 2R 45 2 3 4 SOH AR i NS-3.25 )&,
Fry &) CRE-NS3 AL E #efE ns-3-allinone 4% T 1Y ns-3.25 SCfFHL, FF8E44N ns-3.25. ARJ1E
ns-3-allinone %1% Ni24T build.py #4744 1% LA SE OGN KN IN 8 PRI RC B, #2 R K AE ns-3-allinone/ns-3.25 4%
NHAT waf ik, LRI, W CRE-NS3 223 /.

N E A B AR IR RN R AR CRE-NS3 FIERME. B oeb i — AN N RLARIR S
=2, WA FE =3, NEIH S REBC B E E SR N, IR S AODV B8 B AT 2
7~ L H NetAnim w15 A0 28 2 28 AR 2546 AT P 22 ) AT ot A i ) shiEnd 72 . 1] 5 fik 1
AFEZ 3 AR 0, 1, 2 FEH W FrpEEE R HIE 5@ A, fERE—RZt AR
P 0 F 1, O AN 2 [ BMEEASZ EH P IEshsgm, A 25 n] G E HREOR &5, miAzI AP 102 [\
BT A SR, TR, 76 t+ AL, BAERA I 0 2 18] 1518 R 40
FUdT B AR W, AR LA 2 (I T R AT AR, T DA T AR AR e, s 5(b) TR
TE t+ A2 B2, JERAERAFI 0 F0 1 (e S E ISR A = - T, A b, miiA i 0 fl
2 [ LT SN FMEIE, KR S L, Wl se)R. HONTIIE, B TAERF G AT N 4% 1) 36
AThfe 5B, MMLRIE T CRE-NS3 fI& I,

6 iR TN ks SR P B R 2RI . RS HONE: % = 2, FH
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