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Abstract 

IEEE 802.16 wireless MAN is expected to 
revoluiiotiize of the broadband wireless access 
technologv. The grunt/request mechanism iti IEEE 
802.16 MAC povides di@erent Quality of Service 
(QoS) for different servicejlows. In the paper, we 
discuss the QoS issue in IEEE 802.16 wireless 
MANs urtd propose an admissiorz control scheme 
for services defined ba ?he 802.16 specifications. 
Our proposed scheme provides the highest priori9 
for UGS flows and muximizes the bandwidth 
utilization bv bandwidth borrowiag and 
dtrgrdution. We also develop O I I  arialyticnl model 
to evclluate the system performance, Some 
numerical results nre included to provide U betrer 
uriderstariding of our scheme. 

1. Introduction 

Wireless Metropolitan Area Networks (MANs) 
is being developed to replace the wireline 
infrastructure network with more efficient 
deployment and lower maintenance cost. IEEE 
Standard 802.16-2004 [ l ]  defines the 
WirelessMANTM air interface specification for 
wireless MAN. As defined in IEEE 802.16, a 
wireless MAN provides network access to 
buildings through exterior antennas 
communicating with central radio based stations 
(BSs) PI- 

The IEEE 802.16 Wireless MAN was initially 
proposed as a fixed broadband access system with 
multiple subscriber stations (SSs) link to a 
common BS. Within a SS, a large number of end 
users with different broadband access 
requirements can be present. The broadband 
access requirements can be classified into four 
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types according to the scheduling service in IEEE 
802.16: Unsolicited Grant Service (UGS), Real- 
time Polling Service (rtPS), Non-Real-Time 
Polling Service (nrtPS) and Best Effort (BE). 
Providing guarantced QoS for four different types 
of multimedia service flows in TEEE 802.16 
wireless MAN is a real challenging problem. IEEE 
802.16 MAC, defined as connection-oriented, is 
designed to support different QoS for different 
serviceh. Once a new service flow arrives at the SS 
of a Wireless MAN, the SS attempts to set up an 
end to end uplink connection with BS. Once the 
BS receives the request, it makes decision on 
whether to admit the connection or not, and how 
much bandwidth should be set aside to the 
connection for its entire transmission duration. 
The process we described above is calIed 
admission control process in IEEE 802.16. After 
the connection is set up, the end user starts 
transmitting data. Since data usually is generated 
in burst, when the connection has data to transmit, 
the SS uses the opportunities got from polling 
process to send bandwidth request to BS. After 
receiving the bandwidth request, BS makes a 
decision whether to grant or not grant the 
bandwidth and how much should be granted to the 
request. The decision making process on this step 
is called granting control in IEEE 802.16 wireless 
MAN. The decisions of both admission control 
and granting control arc based on the current 
bandwidth utilization of system and the QoS 
requirements of the each type of connections. The 
difference of both controls is that the admission 
control considers the long term (i.e., the life time 
of the connection) performance and the bandwidth 
usage of the system while the granting control 
only concerns with the instantaneous effect when a 
bandwidth request is received. Intuitively, after the 
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optimal admission control and granting control 
process the demands of' all the users in the system 
are satisfied. However, both important processes 
are not addressed at all in the standard of IEEE 
802.16, and are our research goal. 

In recent years, numerous multimedia admission 
control schemcs and performance evaluations have 
been introduced 133 [4] 151 [ti] 171 in the current 
existing wireless networks, like GPRS, Wireless 
LAN and CDMA. Most of existing works focus 
only on the two types of service in the current 
wireless networks: real-time service and non real- 
time service. As we know, in the wireless and 
mobile network, handof?' calls should be givcn 
higher priority than new calls and has been totally 
ignored in IEEE 802.16. Though 802.16 working 
group is also looking at the mobile Wireless Broad 
Access (IEEE 802.16e), the most important 
concern for providing admission control and 
granting control in lEEE 802.16 Wireless MAN is 
how to maximize the bandwidth utilization and 
guarantee QoS of different service flows. To the 
best of our knowledge, there is no specific 
admission and granting control scheme and 
performance evaluation proposed for IEEE 802.16 
Wireless MAN. In this paper, we firstly propose 
an admission control scheme and then introduce 
an analytical modd to evaluate the performance of 
different multimedia service flows in IEEE 802.16 
Wireless MAN. Trying to find good granting 
control schemes for IEEE 802.16 is one of the 
Future works. 

The remainder of this papcr is organized as 
follows: Section 2 gives introduction of IEEE 
802.16 Wireless MAN. Section 3 introduces our 
proposed scheme for IEEE 802.16 wireless MAN. 
Section 4 derives an analytical model to evafuate 
the QoS parameters for different multimedirt 
service flows. Section 5 shows numerical results 
of our analytical model. Section 6 concludes the 
paper. 

2. IEEE 802.16 Wireless MAN 

A n y  IEEE 802.16 wireless MAN will include at 
least one BS and some SSs, ihc central BS 
handling multiple independent SSs simultaneously 
and regulates all the communications in the 
network. Data on the downlink to SSs  is 
multiplexed in TDM fashion with individual SS 

allocated time slots serially. Uplink is multiple 
access shared media from SSs to BS in TDMA 
(IEEE 802.16) or FDMA (IEEE 802.16a). 
In order to support the QoS for different services 
by scheduling the uplink access opportunity, four 
different scheduling services corresponding to 
uplink schedulcr policy are defined in the standard: 
UGS, rtPS, nrtPS, and BE. 

UGS 
UGS is designed to support real-time service flows 
that generate fixed-size data packets on periodic 
basis, such as Tl/EI and Voice over IP with 
silence suppression [I]. The BS allocates fix size 
grants to the UGS at periodic intervals without any 
explicit request from the SS which eliminatcs thc 
overhead and the latcncy of bandwidth requests SO 
as to meel the real time requirement of UGS 
service. The 8s can adaptively allocate additional 
capacity to the SS when backlog in the 
transmission queue of SS is detccted. 

rtPS 
The rtPS is designed to support real-time service 
flows that generate variable size data packets on a 
periodic basis, such as moving pictures experts 
group (MPEG) streaming video [2]. The BS 
provides periodic dedicated request opportunities 
for SS to meet flow's real-time demands. In order 
for the service to work appropriakely, the ss is 
allowed to usc only unicast request issued by BS 
for connection and is prohibited from using any 
other contention request opportunities. 

The nrtPS is designed to support delay-tolerant 
data streams and consists of variable-sized data 
packets which require a minimum data rate, such 
as FTP [ 2 ] .  The nrtPS is almost the same as the 
rtPS except that connections may utilize random 
access transmit opportunities for sending 
bandwidth request. 

BS 
The BS service is designed to support data streams 
for which no minimum transmission rate is 
required and there€ore maybe handled on a spacc- 
available basis [2], such as HTTP. The S S  is 
allowed to use contention request opportunities as 
well as unicast request opportunities €or BE 
service flow, The interval of unicast requcst 
opportunities should be longer than the nrtPS and 
the availability of dedicated opportunities is 
subject to the network load. 

nrtPS 
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3. Admission control based on the 
scheduling services characteristics 

In this section we describe our proposed 
admission control and bandwidth reservation 
scheme at the network layer. As we stated in the 
first section, beforc the transmission of a 
connection, BS should decide whether to acccpl or 
reject the user's request for connection. The 
decision is usually made based on long term 
bandwidth requirements of the connections and the 
current network state. The long term bandwidth 
requirement here means the estimation of 
bandwidth requirement during the whole 
transmission, which is different from the actually 
granted bandwidth for every service data unit 
(SDU) transmission. Similar to most admission 
controls, BS sets aside certain amount of 
bandwidth for the service flow, which supports 
efficient granting control in the MAC layer. The 
admission control performs a tradeoff between 
accepting a request for connection that may result 
in a QoS degradation of already admitted 
connections and rcjecting a request for connection 
in order to support QoS of ongoing connections at 
a certain level. 

UGS flow, like EUT1 and VoIP, is the most 
common way used by people for daily 
communication. The non UGS flows like rtPS, 
nrtPS and BE flows, are used to support strcam 
video, ftp, or HTTP applications. Most of 
applications are used for entertainment and the 
actual rate varies during transmission. From the 
viewpoint of end user, blocking the new UGS flow 
causes more serious problem than blocking the 
new non-UGS flow. We therefore give UGS 
connection higher priority over non UGS 
connection so that every request for UGS 
connection is admitted and its required bandwidth 
for transmission is guaranteed. In other words, the 
request for UGS connection is accepted without 
restriction if bandwidth is available, while the 
request of non-UGS is only accepted when the 
total used bandwidth is not greater than the 
predetermined value. We assume that the scenario 
considered in this paper is homogenous and thus, 
we can examine a single SS in isolation. Suppose 
the total bandwidth for a S S  is B, the 
predetermined value is B-U, where U i s  the 
bandwidth exclusively reserved for UGS. 

Assume the bandwidth required by a UGS 
connection and rtPS connection to be bots and 
hops. respectively, The rcquired bandwidth must be 
satisfied in order to meet QoS requirements of 
UGS and rtPS connections. 

Due to the property of nrtPS flow, the required 
bandwidth of an nrtPS flow may vary within the 

range of [b,;YBs ,bn:;,, 1, where b,;;,and b,:;& are 
the maximum and minimum bandwidth required 
for the nrtPS flow, respectively. If sufficient 
bandwidth is available (i.e., fewer connections), 
each nrtPS flow can be transmited at a higher rate. 
As the number of connections increases, the 
existing nrtPS flows can give up some bandwidth 
to new connections in order to have more UGS, 
nrtPS or rtPS connections in the system. We call 
this as a degradation model. The degradation is 
performed stepwise and 6 is the amount of 
degraded bandwidth for every degradation step. 
All the nrtPS connections in the system arc 
allowed to maintain the same degradation level. 
Let ltnps be the current degradation level. Thus, the 
current reserved bandwidth for each nrtPS 
connection is b"?& - G p $ -  which 

satisfies bny;s - f;Ts? 2 b,;;;? . The maximum 

degradation step is iz;, = ( b , ~ . ~  - b ~ , ~ )  / s 
In what follows, we describe our admission 

When a request for UGS connection arrives at 
the BS, if the bandwidth currently set aside 
for all ongoing connections plus bots is less 
than or equal to B, the request is accepted, 
then BS sets aside boGs bandwidth for this 
connection during its lifetime. Otherwise, the 
request for the UGS connection is rejected. 
When a request for rtPS connection amves at 
the BS, if total bandwidth set aside for all 
ongoing connections plus brtpS is less than or 
equal to B-U, the connection is set up and BS 
sets aside bnPS bandwidth for the connection. 
Otherwise, BS degrades the bandwidth set 
aside for all ongoing nrtPS connections until 
all bandwidth set aside €or all ongoing 
connections plus b,, is not greater than B-U. 
If the currently set aside bandwidth plus b,, 
is still greater than B-U and the maximum 
degradation step lnY;* has been reached, the 
request for rtPS connection is rejected. 

control scheme in more details. 
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When a request for nrtPS connection arrives 
at the BS, if the total bandwidth already set 
aside for all ongoing connections plus 
bnyis - l ~ H p s S  i s  less than or equal to B-U, 
the connection is set up. Otherwise, BS 
degrades the bandwidth set aside for nrtPS 
ongoing connections until the current total 
bandwidth for all ongoing connections plus 
the bandwidth for the new nrtPS connection is 
not greater than B-U. In both cases, the 
bandwidth set aside for the new connection is 
!,=;;:, -i;;D,j, which is the same for all nrtPS 

connections in the system. 
<['I' <lMx ) is the updated 

degradation level of all nrtPS connections 
after admitting new connetion. Otherwise, the 
request for nrtPS connection is rejected. 
When the rcquest for BE connection arrives at 
the BS, the request i s  always admitted, but BS 
will not set aside any bandwidth for such a 
connection. In 802.16 MAC layer, the BS 
connections get the trmsmission opportunities 
only when other service connections do not 
transmit. Gcnerally, BS connections do have 
long idle period (think time) and data in each 
transmission is relatively small, especially in 
the uplink direction. Therefore, QoS of B S  
can be easily satisfied. In thc foilowing 
discussion, we only consider the other three 
services. 

c;lo3 ( 111, - nrll" - W I P S  

4. Analytical Model 

We compute the performance of the admission 
scheme based on the following assumptions: 
The arrival process of new connection requests for 
UGS, rtPS and nrtPS is Poisson with rate AoCs, 
A ~ , ~ ~ ,  ,I~,, respectively. Let 
I 

- 4,G.T + 4 P . +  L / ' . S  ' J"G.7 = Izh,rac a,  ' 
An, = &tu, x a n P S  1 and A m p s  Let, x an,ws . 
The service time for UGS rtPS and nrtPS 
connections is exponentially distributed with 

We model each SS with a four dimensional 
continuous Markov chain. The statc of SS can be 
represented by ( nu,is I nrlPs ~ i , ~ ~ ~ ~  . r:", 1, 

mean I pur;s, I / pnPs , and 1 / pnrlp,s , respectively. 

where nuGs , nnFS , nr,n-rPS is the current number 
of connections of UGS, rtPS, and nrtPS in the 
system, respectively. ll:flps is the current 
degradation level of nrtPS. The stead probability 
of the state s = (nu , ,  , i trfps , n,, + L ; ~ , ~ ~ )  is 

A state is a valid state if and only if: 
? %<S Jlf lPI . t h S  . G P X  ) . 

~ U C S b U G S  i- nrtF.sbr,fS + f L P S  @ J , Z S  - C , P . J )  5 B 
A ~l,b,  + n,,m @C;s - l , : n P s 4  2 3 - 
A ClP.7 5 c ; 3  

s = b = (l+A:s 7 ne,,. 7 n,,& > 1,Y"PS 1 I 
f+",tiS -t n,b,,, + ~t , i , ,PS (b,Zs - L S 6 )  5 B 

A n , d n i * . s  + nmr.7 CbZs -1Lss) 5 B-u 
A E,& 5 I,:;, ! 

We define S is the state space for all possible 
stales that 

For a given skate s =(n,, , nrlP). , nnrrPS , lbps , 
stste transition occurs when a new rcquest is 
acceptcd or when an ongoing communication 
completes. Fig. 1 shows the general state transition 
diagram. Note that /,YAPS represents the 
degradation level of nrtPS flows after the statc 
transition and may have value different . 
Also, state transitions to some directions may not 
exist under certain conditions. Thcreforc, the state 
transition diagram can be different for different 
states. 

Each state transition diagram has a corresponding 
state transition balance equation. As an example, 

if nilw > c )  A nnPs > 0 A f?",,/,.$ 0 A /:dps 5 lnTs 
fi ninSboG, + n,psb,J,-s + n * d h n Z p  - CtPA +bum 5 

~ n ~ ~ h , ,  +n,,mh,,pU + f l n , , p s ( ~ o ~ .  -ra,+V+(b:A -I:,,&)< B-u, 
~ i i , , ~ , b , , , ~  +nnrsh,, +nn,tm(bz;s -/~,,ps&+b,R. 5 8-U 
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Figure 1. Transition diagram for the state 
= O ~ O C S  '%PS ' Il,,/!PS ' L s  ) 

The number of equations equals the number of 
states. After we get all global balance equations, 
we combine them with the normalized condition 
that sum of all steady state probabilities is 1: 

C I T ( S )  = 1. 
JES 

By solving all the linear equations using the 
Markov model [XI, we can get all the steady state 
probabilities r(s) and the QoS parameters of 
performance evaluation can be determined by 
those state probabilities. 
a. New connection blocking probability 

The new cormactinn blockirig probabili? (CBP) 
is the probability of rejecting a new request for 
connection. As an example, the CBP of UGS is the 
probability of blocking a new arriving UGS 
request. 

( C W  

b. Bandwidth utilization 
The baldwidth utilization is the average ratio of 

the used bandwidth to the total bandwidth. 
Formally, it can be calculated as: 

c. Transmission capacity 
The transmission capacity is the traffic volume 

transmitted within a time interval T by the system. 
In our proposed scheme, system can dynamically 

BU =~(%d,,, +fled,, + p t " , , m ( b S  - L m ~ M . ~ V  
rr( 

changes the transmission rate of nrtPS to 
accommodate more connections into the system. 
In the degradation mode, the blocking probability 
of nrtFS is decreased, as well as the blocking 
probability of other services. That means more 
connections can be admitted into the system in the 
degradation mode. The transmission capacity of 
nrtPS is an expected value and can be calculated 
as: 

TC",V, = C..nw G S  - IL$dMs)T .  
LES 

where T is time interval. 

5. Numerical Results 

In this part we present our numerical results for 
thc QoS parameters discussed in the last part. The 
system parameters used in our theoretical model 
are shown in Table 1. 

Table 1 : System parameters 
B 1 1280 kbDS 
6 I 32kbps 

128kbps 

Figure 2 and Figure 3 compare the blocking 
probabilities of UCS and mtPS with different 
value of U. We see that the rescrvation method is 
uscful for decreasing CBP of UGS. In Figure 3, 
the CBP of nrtPS is increased by the reservation 
method. As wc know, UGS connections are more 
important than nrtPS connections, the rescrvation 
method could be said to be an efficient method to 
give higher priority to some services to improve 
their performance. 

Figure 4 compares the bandwidth utilization 
when nrtPS works in the degradation mode and in 
the constant rate mode. When working in the 
constant rate mode, the nrtPS flows can only 
transmit at the maximum rate (Le., 128kbps). 
Figure 4 illustrates the degradation mode has 
better bandwidth utilization than the constant rate 
mode. Moreover, the transmission capacity of 
nrtPS in the degradation mode is also larger than 
that in the constant rate mode because more nrtPS 
can be accepted in the degradation mode, even 
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though the average transmission rate of nrtPS in 
the degradation mode is smaller, The results are 
shown in Figure 5 .  

I ,  

1 2  3 4 5 6 7 8 9 10 

Tom1 Arrival Rate(unit: Ih?c) 

Figure 2. Comparison of CBP of UGS for 
different 

1.2,  I 

0 I__I 
f 2 3 4 5 6 7 8 9 TO 

Tam1 Arrival Rmle{unit llmcl 

Figure 3. Comparison of CBP of nrWS for 
different U 

--~- lnmnsentrakmode 

c ' 2  

1 0.8 
5 

0.6 

'5 0.4 

.- 
; I  

U 

U 5 0 2  

1 2 3 4 5 6 7 8  
Total arrival rale(unit:l/sec) 

Figure 4. Comparison of Bandwidth 
Utilization 

1 1 4  1.8 2 2  2.6 3 3.4 3 8  4.2 4 6  

Tola1 arrival rats(unit Ilmc) 

Figure 5. Comparison of Transmission 
Capacity 

6. Conclusion 

IEEE 802. I6 wireless MANs supports service 
differentiation. In this paper, we discuss the QoS 
issue in IEEE 802. I6 wireless MANs and propose 
an admission control scheme for services defined 
in the 802. I6 specification. The proposed scheme 
gives the highest priority for UGS flows and 
maximizes the bandwidth utilization by bandwidth 
borrowing and degradation. We also develop an 
analytical model to evaluate system performance 
and some numerical results are provided. 
We believe that the work presented in this paper is 
the first step of our research on QoS of IEEE 
802.16 wireless MAN. In order to satisfy the QoS 
requirements of different services, the admission 
control must work together with an appropriate 
granting control at the MAC layer so that the 
actual bandwidth can be allocated when data unit 
is ready for transmission. We are planning to 
investigate these issues in our future work. 
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