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Research of service-differentiated admission control based on 
Markov decision processes in heterogeneous wireless networks 
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(1. State Key Lab of Switching and Networking Technology, Beijing University of Posts and Telecommunications, Beijing 100876, China; 

2. State Key Lab of Wireless Mobile Communications, China Academy of Telecommunication Technology, Beijing 100083,China) 

Abstract: Service-differentiated admission control was studied in heterogeneous wireless networks. Capacity regions of 

voice and data services in CDMA cellular network and WLAN were derived. A theoretical model of admission control 

with differentiated services was proposed on basis of Markov decision processes theory, in which the admission actions 

were specified for each traffic service and system state transition probabilities were formulated. Furthermore, a fuzzy 

logic admission utility evaluation mechanism was presented based on the analysis of relationship of QoS requirements 

and network state, then the optimal admission control policy that maximizes overall utility with new and handoff call 

blocking probability constraints was formulated. The simulation results reveal that network dynamics can be captured by 

the proposed utility evaluation mechanism. And the average utility earned in the optimal admission control policy was 

significantly larger than two other schemes in which service differentiation and mobility are not considered, in addition, 

the new and handoff call blocking probability can be strictly constrained. 
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 x x{ : | , }U u u= → ∈ ∀ ∈X A A x X   (17) 

�� 8  «¬U��6êë�6_Ì4�·¸

¹º»£¼½�2>_Ì��ûÍ�9��V�6

�÷ÀÁ±�3�j�Í£¤u U∈ u\ør� 0x �

êë�6¹tÐ7� 

 { }T

u 0 0

1
( ) lim ( ( ), ( ))d

T
J r t t t

T→∞
= Ε

∫

x x a   (18) 

pU�TÐ7·¸¹º»£¼½Ô÷ø§�²�K
Å� ( ( ), ( ))r t tx a Ð7�r� ( )tx ���� ( )ta K�

�»£KÅ³A6�b��¦�63«¬�^_

`��j��\ør� 0x ��§Íò7¢�VWX

£¤

*u �5¥êë�6 0( )uJ x 7@3 

5  ��������	
������

��� 

~����%+,~��$%õR(QoS)]

�3±²�%�j��KLuKL´E(�µ¶�

M³´�%N�ùúHw#·¸J3�	
���

���û�¹��%¹t���6������/

012�CDMA<=���°UÒ2
>?,��

±²�%GHìí�KLab�M WLAN >?�

³´�%GH(B�Hw36F¹t×´~��%

QoS]�#ØÙ��r�#2>�������Ö�

CX�6��ÝÞ���6äå°ØÙ�����

�%�&'>-�M�����&¼�VWXYX

56F�êë�6M7@3«�®¯9cj¿ÚÛ

Ü�6F��V�6��ÝÞ��¶9p6j��

7¢�VWX£¤3 

5.1  ��������	
���� 

ÝÞ2>N_��ØÙ��KL(DL)�´E

(JT)�Hw(BW)#·¸J(BER)�×´±²�%#

³´�%~��2>]��9ÝÞ|£°�Ð7�

U = {U1�U2}�pU�U1 = {u11�u12}Ð7KL#´

E�U2 = {u21�u22}Ð7Hw#·¸J36Fº�

CDMA ��# WLAN ��ò2>N_����6

��ÝÞ��6¿Ú¿�Mamdani[17]
�F9ÝÞ�

â�� 5 ò»E<TWB(VH, very high)�B(H, 

high)�U((M, medium)�I(L, low)#TWI(VL, 

very low)��ÝÞ°�¹tÐ7� E = {VH, H, M, L, 

VL}3DL�JT�BW# BER�¼½¯³6¾Õ#¿

Ñ¯³Ð7�45 267�×´ 3GPP TS 22.105[3]

U����% QoS��Â�9�N_ùÀ�#Á4

û<(DLvh, DLh, DLm, DLl, DLvl) = (30ms, 100ms, 

150ms, 250ms, 400ms)�(JTvh, JTh, JTm, JTl, JTvl) = 

(1ms, 2ms, 3ms, 4ms, 5ms)�(BWvl, BWl, BWm, BWh, BWvh) 

=(4kbit/s, 25kbit/s, 60kbit/s, 128kbit/s, 384kbit/s)�

(BERvh, BERh, BERm, BERl, BWRvl) = (10−8, 10−7, 10−5, 

10−4, 10−3)3 
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1 2 3 4 55 4 3 2 1Z B Y C C C C C= = × + × + × + × + ×o  
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∑ ∑
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6.1  ������ 

wx?@yz]{ 1a��CDMA=>?@n

bc/WLAN AP�|}~�����*GH�K

L2��zIJ�GHIJ�:B- λn,v=λc,n,v+λw,n,v�

KLIJ�:B- λn,d=λc,n,d+λw,n,d�|}:~�

CDMA =>?@�MGHIJ���WLAN _�
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���KLIJ��d�GHIJ 70%:B CDMA

=>?@�����KLIJ 70%:B WLAN �

���CDMA =>?@��� WLAN ���GH

IJ�KLIJ*��- µc,t � µw,t �� 0.005�

CDMA ���KLIJ*EF�- µc,h,d=0.004�

WLAN �GHIJ�KLIJ*EF�- µw,h,v�

µw,h,d�� 0.000 5�wxh"MATLAB� NS-2��

� NS-2�*MIH[18]
y����?@���K%�

LIJ�zZ���������|}:GH�

KLIJ��*�� ¡¢£�d¤GHIJ*

y¥��¦§¨� A = (0.8, 0.2)�A1 = (0.6, 0.4)�

A2 = (0.5, 0.5) K̀LIJ*y¥��¦§¨� A = 

(0.2, 0.8)�A1 = (0.5, 0.5)�A2 = (0.7, 0.3)���

�����lm MATLAB ©ª«¬�*

Linprog�	�£s®*¯b¢�;IJ�z*

�����¢���°±²�*���� 2 �³

��r¢�;IJ�z*����³���CDMA

���*abIJ��´: CDMA =>?@�

WLAN���*abIJ��´: WLAN ¢̀�

�±²� *g����µ¶·r CDMA =>

?@¸¹ WLAN�¢�� 2/?@9t*CDE

F��Lº�. 2 »Z?@¼�*;½�¾¿

CDMA =>?@� WLAN �GHIJ�KLI

J*¼����CDMA =>?@� WLAN *À

Á���KÂ� 1����WLAN ���K�|

Ã����* IEEE 802.11 DCF¡Ä[19]
� 

� 1 ���� 

�	 
 �	 
 

(ηc)−1 10 min (ηw) −1 14 min 
pcc 0.76 pcw 0.24 
Wc 3.84Mbit/s Rb,v 12.2kbit/s 
(µv)

 −1 140 s fd 64kbit/s 
Qvb (QdB) 0.01 Qdt 200kbit/s 
m’ 5 m 7 
CWmin 7, 31 Slot 20µs 
TSIFS 10 µs TDIFS 50µs 
TRTS 13.6slot TCTS 12.4slot 
TACK 10.2 slot (λp)v 0.000 4frame/slot 
Voice payload 50byte/packet Data payload 1 000byte/pakcet 
ρ 0.4 fDL 0.55 
βv 0.43 PT,max 43 dB 
Pp 33 dB PN −106dB 
(Eb/No)v 4.57 dB (Eb/No)d 4.96dB 
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´:WLAN�Ó�ç/?@��è�Ï©� 
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