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Abstract: Applications of the cognitive radio technology based on cross-layer in green networks with the aim of
saving energy were explored. A variety of key technologies on cognitive radio based on cross-layer protocol in green
network were collected and discussed. First, the spectrum of architecture and cross-layer structure on cognitive radio
network were discussed; second, a large number of cognitive radio cross-layer solutions were discussed to make
energy-saving target contrast; third, the key challenges were pointed out and possible solutions for cross-layer
cognitive radio technology in green network were provided.

Key words: cognitive network, cross-layer design, green network

1 == C A BARMAT B
REFASNFHUR (A M B R BV U5 ) T35, R
MG WD REMB AN GEREA, AR TE SRRSO A BT 8 RE B e M2k (2
G RERES R BB R O MG NN FRCEMONE ARG — LT PR, o
RERESR I Tl ATPE TR, SR MR B SRS RE L RO S S BUEE AR RIIE L BOR | i LR i R 031

TR SORARTS S o IR 9l i [F) B, 34 B BRI REAE 0 F A5
- BT T IR 42 BT AR S B £ 0 245 6 T DU 1 4 5

* E K AR A W BT E (No.61172073) , 207 #0820 08 75 A A SR R0 3 42 ¥E B35 B (No.NCET-12-0766) , H J 73 % 56 A B wF
b 55 2% 4 T 4 e BT H (No.2013JBZ01 ) , B 38 383 5 i) 15 72 4> [ 52 1 90 90 &8 (bt 383 K 2% ) [ 0 98 MR8 (No.RCS2011ZT003 )

114



BIERIZE 2014 £5 34

AR D0, TR e OF B DL b SR AT
HBE AR T IAHI TE 22 L (cognitive radio, CR) & &, K
Jo gk L2 n] A s AR AR ROR S 1 RN
LY A0 190 4 9 1 | 2 Bk 1 T 4 ) 4% i R AR 1) 1% i A L R
& IR AT 1) PO AR R AR R

1 ATk T R 2 3 D

T R B 3 2 U S BB 6 S0 3k R 5 396 3 1 9 T8 £k 1Y
HIST, O HLBLAT TR R ILAL . 88 RS — T L
11 e N0 2% PR R 1Y BT B RIS TR L B AR BT S e T A
S 2 AR AN A AR 2 B B £ KR TR
BIEYOR TRER 2R R 8RN Tk E 2]
(e Rk SRRy e S L U RN G
W, T LAl S 2 2 A R R I B O (R N i B 1
KRB EL R,

2 NAMELBFEMEPHERKAR

5 J2 (M & B o 78 TCP/IP [0 4% vh s 58 T 4 ik % 16 0k
FERM W T TCPAP Phll bk B 284 Rl (5 B0, B4k 4
ARAERTEAE P2 10— 070 A7 e PERE A B 2% A 0 2 v 4
05 20 A6 9 L 7] F A 2 AR AR G, FH 0 280019 B e 422 3t M
% Bt Gk JF B AL B
21 LNATKBEEMNEHTLEN

AT 2 H S 8 90 2% 0003 A 4 T LA G R 7R A R
G EFACR M %, EMZEHA MM FH P (PU)A
PATVRAT 0] LAB AT R B B, 02 R AT — A~ Sl 9
SCHE,PU B BRAE B ERLI 4 T e T A S A
TS, PU R P RTR2 M, CR P 4% (308 IR M 46 ) %

A AEREE BB AT IR RT JCR I (B W ) 5 240
AN T RE R 7 SR AT AR B, AN CR W P B AR Sk
AE % 15 1 AR 2 18] L2 B 7 37 5 A sl R B RO B st A7
. WHEAFLT ,CR M4 M ARE S EM
HEEWEMEE, FI, B4 CR MR NIRRT Y
A 21

JT DL A R B 5, st 4 ik 77 CRAHN
(cognitive radio Ad Hoc network ) i 5 355 J2 1 4 1, JE B —
R RIOE R . N0 RS A 45 3 AN A 2 00 B« 3 R
I D RS 4L =2 O TS CRAHN B 2y e 46 b 4
RS JE IR 2 Bw . B B RE R 3 B ARAE
AT,

Gt ] B
L p—— FEbE AT
hy
—>| R
ﬁi1 """ —
» BEZEE
___73:3______________:___A{/‘gﬂ ______________
A i
P &
Ey) ’FJH)‘(K - ﬁ<
. o BT
- PHE e
‘ Y - k3
___‘ __________________________________
B/ AR

B2 )2 026 A A

o PR — A CR O 3 BE B — A R B #99
i, CROJ R I00 0 W] 030 % | 4K 05 W 00 AR %
2 AR CR M4 — R AT i, AL
flWi o B D e S VIA G, 8 20 J2 B BSCER It A
[IER

o R R AR — ELT AR A B A E  CR O AT L
R A QoS BORIEF A E MM E . M, 1E
CRAHN, Ji % PSR BEE CR I P 46 7] & 45 1 931 % O
R4

C BRI T TRE 2 A 2R CR AP 2K 1R
i AT A B O LU S DAB 1k AR o
1, I — e O 4 SR 3L 5 0 0 A 5
IR,

22 IWAELHBEEMENEREN
AT T G0 W25 2 ARG 2 2 Bk 19 4 5 2% 18 LA

115



- L age
) ik

TAEP R A R AT i (MAC) 2 Ay 24
JB o — 2 R UL 2 2l v R 42 o 4 2 A 2 0 X ¢ i
fdEfE (s EmIhae) . B3 R YILE N 2 ol Ok A
MAC J2 0l 55 1 55 oK, DA 4 b o) B2 78 e >R s A7 i
fRiE R 1% & (channel state information , CSI) 7] L) 4 & 1% %
0 2% 2% ) BT 3 B AL T Ll B R A2

M2
% I
R WZZE [,
‘ N CSI “u
‘al  MACE :
W

K3 R

BRI TE 4 N T U LT s B
Fs B MR JE S BT BA e 1 R & 5 5 2 2 EROME
B R b R B PR E E LR SR ST L
PR RS E B, LS

3 INHMELBEEMERHNERATR

SO LI A RERE ) T8 H AR & A T A AR
P2, LLARTCE At s W 2% ]| oh T RS 19 2
D R R oA R Y RE AR B A 5 B R L 8 R
07 5 0 0 245 1 RE DL A8 1R 9 LK L W 4 BT
JoN R TC A L S (0 R 2 1 B2 O R 4 R A R B U A

it &% AT IR RS
31 HEE

90T (UWB ) 2 0 2k A% R A5 190 2% 25 J2 B0 30 A9 4 )22
A LA BN Z — X R  m BE RAE  HR B
RMUA MR B R BT 2 72 s Y M AT T 0 2k i A 5,

7% SCRR[4)58 s — b 5 2 1 36 7 5 iz 8 99 ] (adaptive
crosslayer position modulation, ACPM) 5 % , & XL T — 4 ¥
() 2 ——H e o AR 0 2 2 3 A 2 T DA A Ay 4
JeR o NIRRT R T PR LA R AR A B R R
EE W3R T DL i — A 4 2L A% o AR b T O B
BORRBD A PR A JE AT DL U Y 9 K S

X T INHITC L A5 A 0 25 1B R R — N Rk
MR & /N 0% T MIMO 5, B R
T BRI A RS IR R . X
o £ A B D BB R Y T AR 2% SR [6] BN ] T
HE L MIMO WUES 2 1 77 i

2 SCHR[T) 48 4 0 22 98 1 T LUK AT 22 Bk ke 55
R B A B T AR R Y b T A Y S R
ARS8 5 3 A R 4, T DL S R/ i D R T
YT %, Tl o3 A 2t S5 42 40 A0 LG, 759 0 09 B & O AR 0
T 52%,
3.2 MACE

2 HEH A WS T RlEHE (carrier sense multiple access
with collision avoidance ,CSMA/CA) & MAC 2 EE % K1)
HOR He B2 0k 5 W o 2 0 Ay 2 R % 4 4 L
FE R NAR 55 B [ LR 0 A iF 3 MAC 209 TR, 3f

37 2 BZFHJEIAAD | (- B
A
\

ki 2 iz A | >
A
\

o) 4 )2 W42 A | L
A
Y

o - |-
A
\i

YR 0 Lo

HEFWMEHFE >

INEIRR
[
\
y
B e
i
. W7
Rk

[ 4

116

ARG £k H 4 (0 [ 2% 185 )2 5%



BERFE 2014 £5 38

BT RS R % BUCEM LA, 0 T I
T RPE T AR I 04 0045 i 2 Al £ AR T
RIS R O 0 AR RE 2 K T T P
i FUR A AR R B g R T T LA
B B S B DA R T T SRR TS R
B AR BEAE AR D 1 9 45 £ SRR A T S AR R 7E A )
fRKF

7 B4R R ) 05 8 D T (CAEM) S — A% 18T 5 Al
K 00 7Y 2838 W Wy 2 B 15 [ (carrier sense multiple access
with collision detection,CSMA-CD) f ¥ = &6 1 & B0 1,
CSMA-CD 518 V7 I 77 60, B A1 0 e AR A P s A5
HIPRA, MR AT — A B R Bl o 4 {7 8 A A
U B RE 5E I, 1R T AR NI A U S A2

5 7% SCHR[O]HE H R MR SRR (SS-tree ) , £ 18k 85 17 i A
AT DLEAT f 2 B 91 B SR, CSMA 4% A BEIA 3 38
AN L e B B U 0 4 ek g ) B R T DLTE
Tl A O [ Ik B AR BEAE R B

B it % SR 4y Z 0k (TDMA), /T DL A 3h | &
WHRAE MAC 2% JE R I TDMA S8 9 o 54 ol 7 5610
MAEPARIEREREG I A THFEERS, K5,
AT DL SCREAME B A e EE R AR, A3 IO 1R A PR L
S0 A3 LB R BT R R A AL A T AR R A
fFfn Z R E B M

TDMA it ] 3 5 5 JH P o 0 AR 45 4 9 7 2 Ao £
J7 3 E R BT A 0T BE Y T, IR G — bR A B R R A
FC , TDMA (0 B2 73 FCREAE WD 1 17%, [8) 9 A0 2 Bk
ML, BEREBD T 5%,

S SCRK[12]8E B T — P JE 42 7R 3 ) (wireless body
area network, WBAN ) Y 5 )2 L it 1 () TDMA MAC P,
BFSE T v 3l oy 2 A M 285 08 2 G SR W vt e A ORI
il T 4 Eﬁfmﬁaimmaﬂmé%o PR, Sk e A

— AW AR R R AR, M E RS B
i IEEE 802.15.4 #f H. , &4 () 504 70 41 £ 35 50 1%, 7
A, &k 33 .

52 SCRR[13]4 i 3 26 4 5 2 AR AL B Y Ak TDMA
ATDUE R A BT IRl 07 4, SCRR R i T — A i B
AT LR FH s B o 1% i 01 5 8 20000 1% i £ 0 1 7 901 1
BRI AR AR R R R AR A A
R Hr it RS SR T — A /N AR S Ak
PEAT T S | DA R AL HR A I G B LR R

KT DRTT A R B R AE WMSN R RERE 24 A
AL AR 5 B B AT L@ 1 TDMA R 7 Rk 7, %
JH TDMA %% 77 5 09 15 5 0 903 30 61N 8 0 B4R, lJE

B~ MEIRG B EAAE MR B A PR 52 5T M4 55 i
KRACHIEGEM WA 5 s B4 s s ] W m &

TEU P i B A2 1 F — 700 S0 TR i 4 ) £ i 2 =2 iy 2 £
W, FIL AR AT AR T R A
30, DAE T SRS SR A H T O A

Tt B AL MAC (TM-MAC) B2 — A B4 A
() 7 250 5 22 B, 6 B MM S T O A0 B AL, T B
PR B A B A LOsib T4 . [F) IEEE 802153 IUALL
T 4 12 3 22% , T ASCH 2 41 ) % i 10 46 3 32%

B2, 75 MAC 2 g HE AL T g8 Mk A o 4 v 2
190 25 11 1k BB — (R 52 2 M T A X 2R 0 4 R A o )
SeT AT T AL 0 RT R RLK AR S e R AR T — A
DA A 000 46 H4: i 1) EL Ay 3
33 MEE

JET B o R R B AHE A 2 & (APRMAC)
PO A 5 R A T 1 3% hello 4341 & BUAH PR
—%%%QO%F it A AR A XA B RE S — A
LOS 2 s 5, XA 6 6588 A 1 s 518
Em%ﬁmmﬁvﬁ%%ﬁn@ﬁﬁ%ﬁ%ﬁﬁ#ﬁﬁ%

am;"?w ’
% WJ %Wj—l <§iccm&mu <§ .
BUEHTRG 44 ‘T’l s o4 :
\ﬁ FNI0D [ W
:4—>i i3 ipa!
BV .
T e

E5 g MAC PRy 200 3l 5

117



2 P
Y LRk

FE AN]SR RE RN 5 A4 B T DA A A
i AT LA SRR MW, A 2 16 T DL 3 APR IR B 1 22 i A
i A1 5 V7 ) (traffic adaptive medium access, TRAMA ) 1 5
TR 5% 15 R HE

B L A8 /)N R R B o A o SR B B B
2 Al S 0 245 1 9T PR PRt 2% SCIR(17 )8 40 T — A
Bl 05 AR 405 1) FH 56 90 B2 16 43 22 31k (TDMIA ) 1) 32 $ 7 R (1) 5 J2
BRATPMN, ©ZRUESE ] B L A AR A L I 2% ) A i AL 40
T 40%, 1iif H.85 5 M9 RE St Ay 14T

27 SCRR[18] th 75 95 F2 B U 2% 18 MIMO S 5 . 831
o LEACH i iUAF O 2 6 e o B 0B RE A, #% 3k (CH) g
AR 2 i B 26 i 1 QoS 4, i i 5 BT 4 % 1Y dge /N A af
SRR, KRS T A LS5 MIMO @ (F i1
A XCRE T DL R PR S 4 e O3 2L A D Y
AEIRIHAE
34 MAE

27 SCHR[19]4 1 2 J2 U9 2 % B i (MLRR) % I IF
SRS £ (QPSK) A1 IE S U J2 41l (QAM) o X 13 /4 I
FRAE T - Y e 1 A2 A LS AR L AR R R

Ffm A (W AR B 54 ) 2 JH R A0 T 42 % 22 4
AR TERRFEBT B A 4 i, LA 15 i i He R A
ML, R N s 3 OB R A7 ORI R 56
B, B Liang 5 A4 7 — A AT 5E A AT LR o A fl
B O 4% 5 i ) B R AR DR 5 % R A AR R £
REMFERBE L RES 2 G, RS RR AR,
LT DUA T3 2 £ 50K A it — > A% s 0 A7 0k ol 5 I
Bols T EErE . L, T ORAE A% R AR R E PR AR R
Ho O Rl TR R A ATRRAIR 1,000 7% , AT 5845 B

Ff A 0 BN T B8 RS A0 B R B X GRASS
(grid-based routing and aggregator selection protocol ) , 7t I %
ST LU M, 5 0k B R A A% R B R A R
Ko SR F KA BT AR HCE) — AN 1k RE 0k 1 3% oy LS B
BHamio kA, SR EREE R T BB, 20/
35900 i 3 45 LAb Ay sk 6 190 2 v Sk Y 2 i LR
JL, N 23 B B s BT K

Bl 6 Jh DA TC 2 v 107D 5 J2 B8 1 A S SR8, B A
T P BRI, 2R G2 2 A gy Bk A (MBI ) M, B
ZTE B A UCRRR 0 I SR BB 4R TER TR AR AE
— AT LR P IR A AE SR R SRR TR R R R 5
FIBEAEF- 6 0 B T8 A HLRE 85 5 I b s 0 JF

118

70 SR
—— 2 AR P
" —a— AN
—k— AN HA P
% —o—F5MAMA P
§ ” » ™
g 40
1
g 30
=<
<20
10
0
5 15 20

10
BRIEIX
6 NS JRE LR 5 AR P R E T DR 43 o e

R ARG T R P Y REAE o %R AT L AR 3 T O
IS 7 5 oK =2 ELAR Y7 38 ] e 5 A 24063 ff st ] L)
BEARIDRERE A 5 2R 582 R B B (HCBt ) 5 3
RS A 2 AR AT DU M 0 B R 0 A RN 2 7
UEPIE N RS TE

4 ZERIE

B RO RE NSl A R A A, g A 0 T
U5, AT LR B S 2 Y T L E A O Y, [T e SR Y
AT 2 B, K B O 2 (6 F % A5 fiE T 29 5%
B A AT T LR P AL

B BB ERORN TN L, 25 J= i RE
388 5 RO L R B s ok A B g, i,
A )2 RS LUJR O MAC 2 2 B Sl
e, R B D IRF 6] 7 8 B0 466 0 AR S U, 4 R T L
i RO AR ARk B R N i B T 508 X R A

B BRSO A ] DL i O
AR AR B B LR R TR Y T g 5 v R A SR 4% i
SRR 004, 8 V4% 00 S IR A AT AT 4 L DL R Y
DN I e AN e S B A B o 7/ A Y
BZREEOLT AR E R, R A E A,

UNGIF 4N A O SuN K E A T ¥ S
S 0 P 2 2T BEUR A B e R 4 DR
FESE F bR AT LAV B 2 9 AR T 4 ol 5 v A5 B A Il
H BOE AR i BJR AR BRI BE )
ATk S IR, do e A9 5 = A DR 7 SR 7 B 4% T T 4



BERFE 2014 £5 38

BHEIEKB R,

10

11

12

13

14

S % ik

I AL JE T /N XA 23 J2 S TE 2 2 W Ty L AE
Bh2#,2013,29(1) :8~14

Zhao J H, Guan X, Li X P. Power allocation based on genetic
simulated annealing algorithm in cognitive radio networks.
Chinese Journal of Electronics, 2013,22(1):177~180

Yuan Y, Yang Z K, He J H, et al. An adaptive code position
modulation  scheme for wireless networks. IEEE

Communications Letters, 2005,9(6):481~483
Tang J, Xue G L, Zhang W Y. Cross-layer design for end-to-end

sensor

throughput and fairness enhancement in multi-channel wireless
mesh networks. IEEE Transactions on Wireless Communications,
2007, 6(10): 3482~3486

Liang J, Liang Q L. Channel selection in virtual MIMO wireless
sensor networks. IEEE Transactions on Vehicular Technology,
2009, 58(5): 2249~2257

Tian Y, Ekici E. Cross-layer collaborative in-network processing
in multihop wireless sensor networks. IEEE Transactions on
Mobile Computing, 2007, 6(3):297~310

Lin X H, Kwok Y K. CAEM: a channel adaptive approach to
energy management for wireless sensor networks. Computer
Communications, 2006, 29(17):3343~3353

Ha R W, Ho P H, Shen X S. Cross-layer application-specific
wireless sensor network design with single-channel CSMA MAC
over sense-sleep trees. Computer Communications, 2006, 29(17):
3425~3444

Mao J L, Wu Z M, Wu X. A TDMA scheduling scheme for
many-to-one communications in  wireless networks.

Computer Communications, 2007,30(4):863~872
Su H, Zhang X. Battery-dynamics driven TDMA MAC protocols

sensor

for wireless body-area monitoring networks in healthcare
applications. IEEE Journal on Selected Areas in Communications,
2009, 27(4):424~434

Shi L Q, Fapojuwo A. TDMA scheduling with optimized energy
efficiency and minimum delay in clustered wireless sensor
networks. IEEE Transactions on Mobile Computing, 2010, 9(7):
927~940

Phan K T, Fan R F, Hai J, et al. Network lifetime maximization
with node admission in wireless multimedia sensor networks. [EEE
Transactions on Vehicular Technology, 2009, 58(7): 3640~3646
Ren Q C, Liang Q L. Throughput and energy-efficiency-aware
protocol for ultrawideband communication in wireless sensor
networks: a cross-layer approach. IEEE Transactions on Mobile

Computing, 2008, 7(6):805~816
Macedo M, Grilo A, Nunes M. Distributed latency-energy

minimization and interference avoidance in TDMA wireless

sensor networks. Computer Networks, 2009, 53(5): 569~582
Mitchell P D, Qiu J, Li H G, et al. Use of aerial platforms for

energy efficient medium access control in wireless

networks. Computer Communications, 2010,33(4):500~512

sensor

Cheng M, Xuan G, Lin C. Joint routing and link rate allocation
under bandwidth and energy constraints in sensor networks. IEEE
Transactions on Wireless Communications, 2009, 8(7): 3770~3779
Zhang L L, Zhang Y. Energy-efficient cross-layer protocol of
channel-aware geographic-informed forwarding in wireless sensor
networks. IEEE Transactions on Vehicular Technology, 2009, 58(6):
3041~3052

Wang W, Peng D M, Wang H G, et al. Cross-layer multirate
interaction with distributed source coding in wireless sensor
networks. IEEE Transactions on Wireless Communications, 2009,
8(2):787~795

Liang Q Q, Yuan D F, Wang Y, et al. A cross-layer
transmission scheduling scheme for wireless sensor networks.
Computer Communications, 2007, 30(14/15):2987~2994
Al-Karaki J N, Ul-Mustafa R, Kamal A E. Data aggregation and
sensor networks: optimal and heuristic

routing in wireless

algorithms. Computer Networks, 2009, 53(7):945~960

[1E& & A

fl
A

&, &, LREKEKRERETFER TR
S R S s 2 | S M TR 2 -1 b vE2 A 2
AR N E AR DL SN 4% 5

BRERE,P W+, il Rl T ER
TR e BE, F BT Y R O LR R R
3 3 {5 (MIMO ,OFDM .CDMA , & /F @ 15 .
gk RN JC ) L SRR (G
A Bl A 3R £ R 0 2E 4 U L) R0 T &
(FEGEMRG, M AXREBRTBRR
M GPS SRS K )%,

BRI 0 LS K T TR
BB B8 1 b e
FHARS,

(K Fa B A :2013-09-17)

119



