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Abstract In order to reduce the power consumption, IEEE 802.16e proposes an idle mode energy saving mechanism. According to the operation
mechanism of the idle mode, a Geom/G/1 queue with setup time and multiple vacations is built. The performance measures of the queue model are
obtained by using an embedded Markov chain method. Some performance measures are derived for idle mode in IEEE 802.16e. The dependency
relationships between the system performance measures and the system parameters are compared by numerical examples and simulation results.

Key words power saving scheme; idle mode; vacation queue; response time; energy saving rate

1
IEEE 802.16¢[ MS BS BS
MS BS BS
(Mobile Station, MS)
(idle) (sleep) MS BS
[2]
[3] MS
IEEE 802.16e
4 I L 1 MS
IEEE 802.16e
Geom/G/1 Markov 1
141 IEEE 802.16e
IEEE 802.16e o 640! ea0)
HHR I
2 %;;: 8—!;%\? iz EE) ‘rszs;q -
MS 2 -
MS T B oo - vl B ,
MS BAE RS kG RERE
1
MS (10671170)
(2007326)
(1975 )

(Base Station, BS) MS
IEEE 802.16e MS 2009-04-05 E-mail mzhy55@ysu.edu.cn

—106—



3 Markov
Geom/G/1
14
U U

U
1) P
)
PS=j}=g, j=1 E[S]=3 jg, G()=3z's,
©)] c

v cy
4,(z) = ézf (;Jp’q“'f =(pz+q) 1)
4) U

P{U:j}:uja J=12, E[U]:Ziju/’ U(Z):Z;lzju/
J= J=

U cw

J

. o w (k)
4,()=3C =323 uk[ .jp’qk" =U(pz+q)  (2)

J=0 k=j J
(®)
Geom/
GI1(E, UMV)
L, n
{L,,n=1 Markov 0,
iz/ci(v)cj(_lil) j =12,-,c
) 1-¢“ =2
bj:P{sz.]}: 1 .
——>cc" j=c+1
1-¢ 2
cp
E[Q,]1=0,(2) .4= ?q('*'pE[U] (3)
3.1
Foster Markov  {L,,n=1}
p=pE[S]<1
4]
1  p<l  Geom/G/1(E, UMV)
2 L =L+L, L  Geom/G/1
Ld
_1-¢"—((pz+q) —q )W (pz+q)
L,(2)= -
(ep+ PEIU]A-¢))A-2)
2
p
E[L]=p+ E[S(S-D]+
2(1-p)
c(e—)p+2cpE[U]+ p(—¢°)E[U (U -1)] @
2(c+E[U]A-4°)
p<1 Geom/G/1(E, UMV)
W,=W+W, w  Geom/

G/1 W,

I G0 U/ ©)
(c+E[UIA-¢*)NA-2)
P
T E[S(S -]+
c(c—1) +2¢E[U]+ (- ¢*)E[U(U ~1)]

EW,]=

- (5)
2(c+ E[UIA—¢°)
3.2
B, B, v,
U B,B(z) Geom/G/1
E[B] = E[S]/(L- p) B,
B,
E[BV]=B;(1)=L[ - ,+E[U]] ®)
1-p\1-¢°
1% 2 idle  ( )
I listen ( ) L
c=1+L J J
PU- -0 =L H - g
E[V,]= E[JIEV] = ——
1-¢
E[Bc]:E[Bv]+E[VG]+E[U]:i[ & ‘+E[U]] (8)
1-pl1-¢°
pbﬁpwpu
o -p) _E[UIA-p)A-q°)
ey 75T R 7y [T M
4 idle
Geom/G/1(ES, UMV)
idle
(1) (response time) E[R]
__ P _
E[R]72(l—p) E[S(S-D]+E[S]+
c(c-1)+2cE[U]+(1-¢)E[UU -1)]
2(c+ E[UIL-4)) (10)
(2 7
_1L o Id-p)
P T R EUIa-4) )
(3) B
peitl_ s (12)

CE[B] c+E[UIA-¢)

E[S]=4 slot
L=1slot E[U]=2 slot
p=0.2,0.5,0.8 2~ 4

—107—



—108—

2 E[R] I —
o ]
P 06 e p=02
E[R] I a0 :
& 05 1
3 /A s - |
5 B :p 0.4} - - =05 1
» © 03
0.2 . -
4 y 1 01 ff, p=08
P y 1 00 V. M
0 2 4 6 8 10 12 14 16 18 20
Islot
DT —
- IRIRAE 4
=) .
% 25 Y
% : p=08 6
Z 20 _ 1 IEEE 802.16e
7 | p=05_,
= 15 =
=2 “p=02 Geom/G/1 Markov
2 0 .
®
0 2 4 6 8 10 12 14 16 18 20
R E O RKE Vslot
2 [1] IEEE 802.16e-2006 Air Interface for Fixed and Mobile Broadband
0.8 —= g% & Wireless Access Systems——Amendment for Physical and Medium
071 frzE Access Control Layers for Combined Fixed and Mobile Operation
< 0.6; in Licensed Bands[S]. 2006.
¥ 050 p=02 [2] Kim B, Park J, Choi Y H. Power Saving Mechanisms of IEEE
§ 0414 | 802.16e: Sleep Mode vs. Idle Mode[C]//Lecture Notes in Computer
wg 0.3 . p=05 Science. Berlin, Germany: Springer-Verlag, 2006: 332-340.
02] % / 0=08 [3] Yang Xiao. Energy Saving Mchanism in the IEEE 802.16e Wireless
0.1 %, — — / MANIJ]. IEEE Communication Letters, 2005, 9(7): 595-597.
R |
0.0 i x 3 . :
0 2 4 6 8 1012 14 16 18 20 41 ’ ' ' (M].
SHIB O 2slot , 2008.
3
( 105 )
6 , 2005, 16(3): 462-471.
Internet [6] , : . Internet
[91. , 2005, 25(12): 2916-2917.
[7] Kelly F, Maulloo A K, Tan D K H. Rate Control for Communication
Networks: Shadow Prices, Proportional Fairness and Stability[J].
Journal of the Operational Research Society, 1998, 49(3): 237-252.
[8] Low S, Lapsley D E. Optimization Flow Control, 1: Basic Algorithm
and Convergence[J]. IEEE/ACM Transactions on Networking, 1999,
7(9): 861-874.
[9] Kunniyur S, Srikant R. End-to-End Congestion Control Schemes:
Utility Functions, Random Losses and ECN Marks[C]//Proceedings
of INFOCOM’00. Tel Aviv, Israel: IEEE Press, 2000.
[1] , , : Bl [10] Samrat B, Kenneth C L, Elen Z. On Active Networking and
1 2005, 31(24): 123-125. Congestion[R]. College of Computing, University of Georgia
[2] ; b1 » 2004, Tech., Tech. Rep.: GIT-CC-96-02, 1996.
25(8): 14-23. [11] Faber T. ACC: Using Active Networking to Enhance Feedback
31 , ARMA 1 Congestion Control Mechanisms[J]. IEEE Network, 1998, 12(3):
, 2002, 39(12): 1645-1652. 61-65.
[4] . IP [J1. , 2006, 32(11): [12] ’ ’ _Internet 1.
144-146. , 2005, 31(23): 104-106.
[5] , . Linux [J1.



