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Abstract The insufficence of dynamic resource availability and the lack of central control unit offer many challenges

when designing MAC protocol for a distributed cognitive radio network. In this paper,we proposed a novel MAC design

for distributed cognitive radio network which provides an efficient approach to address quality of service (QoS) require-

ments of delay sensitive applications by defining higher priority to such applications during channel reservation. It also

combats other major challenges such as low utilization of spectrum and multi-channel hidden terminal problem. We de-

veloped an analytical framework to study the performance of the proposed protocol. We then compared the performance

of proposed protocol with those of two existing protocols. Comparison results show that the proposed MAC outper-

forms the existing protocols by providing better throughput. The results achieved from the analytical model and valida-

ted by simulations show that our simple yet efficient design identifies and fulfils the QoS requirements of delay sensitive

applications,achieves excellent spectrum utilization and handles multi-channel hidden terminal problem effectively.

Keywords
[1] B
(Media Access Control, MAC) , .
MAC o
A N [2] o ’
MAC o
MAC s
[3-11] MAC .
,DOSS-MAC, MAC SYN-MAC

(2016JM1032) .
(1964—>, s s
R ,E-mail:86297609@qq. com,

(Collision Sense Multiple Access,CSMA)

CSMA  MAC

o

[7]

. (8]

(2014JM2-6106)

, E-mail ;15829717886 @ 163. com;

Admission control, Distributed CR network, Distributed MAC, Multi-channel MAC, Quality of service

MAC

l

OSA-MAC >

o

HC-MAC ,

°

(1988—), ,



6A . QoS MAC 289

. HC-MAC : . EREGR P W [EmA P e i
T F 4 B HE LW & Ar
) , ’ —| :: l ::: l :: \H
: o | INNNNNNNEEEER i
[9] CMAC . , RERE RENE T REERAE
3 CRA P s A58 !
. I fE 4B I
LC-MAC .
' R
' Q-MAC : .
MAC , ’
(Quality of Service,QoS). [10] ’
.O-MAC ' '
. [10] ’ ’
QoS . '
. . [10]
’ ’ ( .
[11] GB-MAC , ’ .
’ 1.2
: [11] QoS ’ IEEES02. 11 DCF
GB-MAC QoS. ) o ’ o R
. MAC , U s ! Q
QMAC, 3 : U RTS(Request To Send.
D ’ ). RTS Q
’ . U RTS , U Q
° X1, (Short Inter-
2) ’ Frame Space,SIFS) Q CTS(Clear to Send,
’ ).CTS X1 . U
. Q , U RTS,
3 ’ QoS ’ (Distribute Inter-Frame Space, DIFS)
- ’ . . Q CTS
, o . SIFS, U CRTS(Confirm Re-
1 Q-MAC quest To Send, ) ) X1
. . . X1 Q
’ U . .
. \ U R.S T,
( CTS X1 NAV
). QMAC ’ (Network Allocation Vector, ybd ,
Q R T CRTS .
. NAV, . DIFS
. . . , R .
. X2 . R S
. X1, X1
3 : . . NAV \
. . NAV,
( D, .
[12-13] . R .



290 2017

“ ”
° ’
-

\\ 7
Po@ :
| |
N
@F----® , ’

| ° ’ ]
RTS CRTS Chx ! NAV:ChX, | K#:ChX
; 1

’ j
v A v TTavoxn #K:Ch X, .

CTS| Ch X,

TR
O _ X XuXeXs

URx)___ X, X5, X5

|
| RTS ICRTS, Ch X,

I
I
l
i |
RTY)  XXoXeXo | | R#:ChX,
T T | NAV:Chx, | P
| : A4 l A4 : J
STY) XXXy | f At NAvaix, | kitonx
| | CTS, Ch X, | ’ ’
T X, X0 X0 X7 | | | | RiK:ChXy
: [MAV-OX, [ NAV-GixX | ,
BREmg | FEENBR | &a&gmmg
' T
Ny, .
2 Y
' ,Q-MAC .
, Q_MAC “ 9 i ° 4
NAV, . . Q-MAC
’ “ ” ( 1.2 ).
NAV, ,
’ ’ ° 2.1
1.3
s IEEES02. 11
DCF
MAC s
s (ACKnow- el
ledge, ACK) . ACK, s
ACK , o
. . T
’ ( ) T,
’ ’ ( ),
’ P/ .
P(‘I)I ’
2 QMAC P,. (167 P,
¢
P,= — - D
A=P)—P, g +(1—2P, ) (W1 g+ P, W(1— (2P, )" ) ¢,
A
W .m
“ P,. (3)
' zw. N,P,(1—P)Y !
, ( R 3
b

P,=1—0—P)"s (2



6A . : QOS

MAC 291
T, :P(,,,IM<7+P,\T_\+PL T, W S, :§+NAT1)1«: N [ Tor -+ (Teox — (N+DT, )]
P, Ty Ty 2
,P,=P,P,.P.=P,(1—P,), (10)
. s Pemp/y =1— JNT, <Teon<(N+1DT,;, Teon T, s
Py oT. = tpips + trrs s T, = T. 4 2tses + ters + terrs o s Teon NT, s (10)
Lpirs sURTs stsips slers Lerts DIFS, RTS, SIFS, CTS S = ;[N'I‘DT 4 Teon (N—D] a1
CRTS Ty 2
T s 2.3
Ten/ T e , 4 , ,
T T..P P, Ny s T.
N, = Lﬂj _ LP won s J 5) !
T, empty0 + P.T, + P.T. 4) N., )ad N
’ o (6) s T.. ,
P T, : :
NP,
! . @® . Tonsine + T
TiNaP.
s Tor o s N;.P,, N, p
2.2
s N (12) Toon s
MAC s
(5) max imuze ?M:L[NTDT-FT(DN (N—1)]
’ ' L 2 (12)
° i subject to Ty =0
’ ' T\l b
’ , (12)
’ ’ ., (12) , To T
‘ ’ T =nT, . ° Ty
' ’ . (12)
b o b TL(”I T T
. ~7 niy; niy;
max imuze f(n) =N(Ty — T4 — 5 )— 5 (13)
. Nen l\]‘-, subiec -
N=;min<i,NW>( ! )P,(l*P)‘\Z-;ﬁ' (6) subject to n€ N
i=0 7 N . n* n s n* <Ny,
- ’ 2.4 Q-MAC QoS
S=NTpr/Tu (7) QoS s QoS
sTor Ty QoS ,
9 l .
Tor = Tor — Tensing = T (8) ( ),
’ T.\(’rt.\m;; B
ACK
s S ACK
° : 1) 32)
° o QoS s
° MAC s
’ Tor o s QoS
ATor =2 (T = T+ (T = 2T, 4 w4 (T, — :
NT;)) ’ ’
- _(N+DT, ’
-, — NP o (
7 9) s

, DIFS Do



292 2017
ik R 2.5 QoS
_____ SE sk -
QoS K N, P N,.N, T s
R
N =T /T, (2
3 vT\-:p !Tw/)
1) o (14), (15, (20)
3 ’ (23)
0 3 A 1
2 Ty =Ny, (1— (P /P D) (24)
A
A
P..D QoS P QoS
2.6
’ | P, @ @ .T., N .
( R (A—P)(T.— P ,;‘
— R Eco) _ ¢
Poy» T = N, P, +T TL+N,~PP,(1*P,)N/pf1
A C
=— +B+t—v— (25)
P,.,—=1—P, (14) Ny, N, E¥n ! 7
35 P,=P.Pj,. ,A:(I*Pl)(’ﬂ.*(;)Pl,B:T\.fT(.,C:;,EZIfP/O
A t
D+1 Ty .o
P, ( QoS ) (25)
A C A 1
P,=Ppy—P,,=P,PL}} (15) TWE(*/\-FBNUHrW)X(1*(P1,.\/Po>$71>(26>
) QoS P.,=P,—P,, (26) ’
s QoS
A
_? . _ PP, 5 A A :L 1 _ . _ ClogE J
D,\—EO/@POP“,,P,‘,H,,—ﬁ(lfP,ﬁ,,(1+Pu,,D)) (16) Ny, 1ogE§(°’ pEr ) T F 27
. LeCe) w BULR (28) .
1 Tos
Dy: kaop“gpﬁw:M 17n FZF(/\‘Fﬁ) (28)
k=0 a® li(Pux/P())l/\)ﬁﬁ
9Pu,4 (P(lg::lipuag)o ’ . s
s QoS R
_ P.N,D,+N,D, s
Dq,s = P..N, N, (18)
QOS ’ s
P“(Pu=1—Pm)° ’ ’
o QoS
_ PP, .
D,, Qns*ipu 19
N/ ’ N//? 3
QoS N =N;= Ny Matlab . QMAC
° QOS 9]\]/’ MAC ,
s T s QoS ’ Ty =100ms, R= lmbps,
’ Tmnp . lmbps’ Iprrs — 128}159 lsirs —
Tumg = Tmrt - Tmnp ° ’ 28;1_590':50;1.50
, P=0.7,N; =70, Tupiny =10ms P,=0.015 .
o N QoS N 4 .
12
o np-
P.=N,/N,, 20) ool
P, =N,/N, (2D S . ‘
_ H 6fF- | ;
P(,:]\]/]\]/ 22) L3 5/ d ] :
4 — T ERWNA=15)| - 1 '
~ —Tpr TENA=)| L L
-N, N, Towp  Tons . N e R
5 10 15 20 25 40 45 50
Ny Ny, . N FEH B K(Teon)% of BN)
(6) .N, N, . 4



6A s e QoS MAC 293
4 , Ny +P,N, P, , Ten o
, s Ton Q-MAC ,
o Tum ’ TDT )
NaP s 6 . QoS
o 4 ’ ]\]L/, ] b} QOS
T((/H . . 2- 3 L) o .
s N(h P ) QOS s
. s Tor Q-MAC Tor . QMAC
. 4 , Q-MAC . 7 s
. , N,=15,P=0.7 s QoS B 7 s
( 10% Ty s , QoS 95%
A
Ray—=0.9RN,P=9.45mbps. 4 . QoS .
-MAC 0 —o— %A S EQuS, P=0:
QMAC - Tor Tor o RRABARQS P06
A ” —”—ﬁfﬂﬁgﬁﬂ,iﬁEQoS,PZO.7
7.31mbps  6.75mbps, R.,, . § 10 : igiggigg
: QMAC 5 o ARG P05
[22] st —— L £ QoS, P06
s o § —— 44, # £ QoS, P=07
2 -r=
. QMAC &
< 10
o @
] ———y T T I Y I TTTTTTTT TTTTTTTT
IN,;=15,HC ! ! e 075 10 5 P 25
Ol . NaTsosa I A=ty EHHRE
—— Nu=I5QMACHET,| | _— i
& | =N mavacarr| : 6
E o | N=25Q MACH R T,y '
@ = | | )
&y \ T-=--1----7 - ----- f§
1 I 1 | in
2f---- ISy S Y MY i
M | | o
1 1 1 1 E
0 L I ! L ! %)
02 03 04 05 06 07 08 8
T3l AR ;lé
5 * i i
5 10 15 20 25
5 Q-MAC [7] OSA-MAC Lt
[8] HC-MAC , 3 7 QoS
MAC s
o ) QOS
MAC s 8 R s
128, Ims, A A
Tonp . Ten s D P,
s , Q-MAC ot ’
< ° ) Tump =T7ms ’
N FH-MAC s [8] . .
. 6MHz, 2, P, <2%, D 1, 32, 9
A A
10mbps. OSA-MAC T., —10ms b P,
64, A A
. . D P,
Q-MAC . (12) Teon !
Tor . 5 , Q-MAC ’
. HC-MAC s =
o
’ . §
, HC-MAC Q-MAC, OSA- :é
MAC : . g
3
o s g
. Q-MAC s ,
\ Q-MAC 8

332



332

2017

neering and Electronics,2008,19(4) :851-859. [8] GUTIERREZ ] A,NAEVE M,CALLAWAY E.,et al. IEEE

[4] LIAO HJ,LINC H R,LIN Y C,et al. Intrusion detection sys- 802.15. 4:a developing standard for low-power low-cost wire-
tem: A comprehensive review[ ] ]. Journal of Network and Com- less personal area networks[ J]. Network, IEEE, 2001,15(5):
puter Applications,2013,36(1) :16-24. 12-19.

[5] KAVITHA T,SRIDHARAN D. Security vulnerabilities in wire- [97 YICK J, MUKHERJEE B, GHOSAL D. Wireless sensor net-
less sensor networks: A survey[ J]. Journal of information As- work survey [ J ]. Computer Networks, 2008, 52 (12): 2292-
surance and Security,2010,5(1) :31-44. 2330.

[6] YAN K Q.WANG S C,LIU C W. A hybrid intrusion detection [10] AKYILDIZ I F,SU W,SANKARASUBRAMANIAM Y.et al.
system of cluster based wireless sensor networks[ C] // Procee- Wireless sensor networks: a survey[ ] ]. Computer Networks.,
ding of the International Multi Conference of Engineers and 2002,38(4):393-422.

Computer Scientists, 2009,1:18-20. [11] AL-KARAKIJ N,KAMAL A E. Routing techniques in wireless

[7] ALRAJEH N A,KHAN S,SHAMS B. Intrusion detection sys- sensor networks:a survey[J]. Wireless communications, IEEE,
tems in wireless sensor networks: a review [ ] ]. International 2004,11(6) :6-28.

Journal of Distributed Sensor Networks, 2013, 2013 (1): 113~ [12] . s .
120. [J]. 22007,20(9) : 1-3.

( 293 ) [5] ZHU L,ZHOU H. Two Types of Attacks against Cognitive Ra-

dio Network MAC Protocols[ C] // 2008 International Confe-

f rence on Computer Science and Software Engineering. Wuhan.

= IEEE Press,2008:1110-1113.

:ﬂz [6] , , Ad hoc QoS [1].

by 22006,1(3):212-216.

® [7] HU J,SHEN L F,SONG T C. QoS-based MAC protocol for cog-
nitive radio networks[ J]. Journal of Southeast Unicersity,2012,
4(28) :375-379.

! [8] DE DOMENICO A,STRINATI E C,DI BENEDETTO M G. A

survey on MAC strategies for cognitive radio networks[]].

MAC , IEEE Commun. Surveys & Tutorials,2012,14(1) ;21-44.

o s , [9] SU H.ZHANG X. Cross-layer based opportunistic MAC proto-
QoS R cols for QoS provisionings over cognitive radio wireless net—
QoS s s works[J]. IEEE J. Sel. Areas Commun,2008,26(1):118-129.
. [10] SONG H,LIN X. A group based MAC protocol for QoS provi-
, B sioning in cognitive radio networks[ C]// 11th IEEE Singapore
Q-MAC , International Conference on Communication Systems. Guang-
zhou:IEEE Press,2008:1489-1493.
' ’ ' [11] ZHAO Q. TONG L,SWAMI A, et al. Decentralized cognitive
' MAC for opportunistic spectrum access in ad hoc networks: a
' ’ ' POMDP framework[ ] ]. IEEE J. Sel. Areas Commun. 2007, 25
N s , Q-MAC
(3):589-600.
° [12] ZHANG Y.LAZOS L,CHEN K. FD-MMAC: Combating multi-
channel hidden and exposed terminals using a single transceiver
[C] // 2014 Proceedings IEEE INFOCOM. Toronto: IEEE

[1] CHENG Y C,WU E H,CHEN G H. A Decentralized MAC Press, 2014 ;2742-2750.

Protocol for Unfairness Problems in Coexistent Heterogeneous [13] JHA S C,RASHID M M,BHARGAVA V K,et al. Q- MAC:an
Cognitive Radio Networks Scenarios with Collision-Based Pri- opportunistic multichannel MAC for cognitive radio networks
mary Users[J]. IEEE System Journal.2016,10(1) :346-357. [C]//IEEE 70th Vehicular Technology Conference Fall (VTC

(2] . 2009-Fall). Anchorage: IEEE Press.20091-5.

LI »2015,42(11A) : 258-262. [14] BIANCHI G. Performance analysis of the IEEE 802. 11 distribu-

[3] JOSHIG P,NAM S Y,KIM S W. Decentralized Predictive MAC ted coordination function [J]. IEEE J. Sel. Areas Commun,
Protocol for Ad Hoc Cognitive Radio Networks[ ] ]. Wireless 2000,18(3) :535-547.

Personal Communications,2014,74(2) :803-821. [15] ZIOUVA E,ANTONAKOPOULOS T. CSMA/CA performance

[4] YUAN Y,BAHL P,CHANDRA R,et al. Allocating dynamic under high traffic conditions: throughput and delay analysis[]J].
time-spectrum blocks in cognitive radio networks [ ] ]. IEEE Comput. Commun. ,2002,25(3) :313-321.

Transactions on Wireless Communications, 2014, 13 (2), 630~ [16] MO J,SO H S,WALRAND J. Comparison of multichannel MAC

645.

protocols[ J]. IEEE Trans. Mobile Comput. ,2008,7(1) ;50-65.



