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Abstract—IEEE 802.16 is a standard recommended by the literature for 802.16 network [2], [3]. In addition to
IEEE as a Wireless Metropolitan Area Network (WMAN)  scheduling, Connection Admission Control (CAC) is also a
technology to provide connectivity to thelast mile of a network. very important part of 802.16 network, since the system

Not only does it provide high bandwidth but also it has a . - . .
long transmission range (upto 30 miles). In addition, 802.16 IS Supposed to provide QoS guarantee. Without efficient

MAC and physical layer are carefully designed to support CAC, 802.16 network will not be able to provide QoS
different types of real time application by providing Quality of ~ guarantee to realtime applications like voice and video. To
Service (QoS). But without proper scheduling and connection the best of our knowledge, there has been no architecture
admission control (CAC), the system cannot provide promised 5t clearly describes a CAC for IEEE 802.16 networks.

oS to the real time applications. Hence, scheduling and CAC ; T .
8ay a vital role in 8029{)6 network. But the standar(? does not 1hough some authors have suggested implicit conventional

specify any scheduling or CAC. Although there are few 802.16 bandwidth based CAC, our study presented here, shows
based QoS scheduling architectures proposed in the literature, that such simple CAC cannot guarantee QoS to applica-
most of them assume a conventional bandwidth based CAC tion services. Hence such primitive CAC may make the
(BW-CAC). But BW-CAC does not take QoS requirements jmplementation non-compliant as well as unsuitable for

(e.g., deadline) of connections into account. Hence, they would o . . .
not be appropriate for real time application. In this paper, application using different services of 802.16. Therefore,

we propose an efficient QoS CAC that ensures that QoS in this paper, we present an efficient CAC algorithm which
guarantee of the connections are met. Using simulation, we not only provides bandwidth guarantee, but also ensures
present performance of our CAC in different scenarios and QoS guarantees to connections as per their service types.
show that our CAC performs better than BW-CAC. We compare performance of our CAC algorithm with the

| INTRODUCTION conventional bandwidth based CAC and show that our CAC

' performs much better than the bandwidth based CAC.

The IEEE 802.16 standardAir Interface for Fixed The remainder of this paper is organized as follows. Sec-
Broadband Wireless Access Systétjshas been ratified by tion Il outlines the related work in the literature. Section Il
IEEE as a Wireless Metropolitan Area Network (WMAN)describes the overview of 802.16 network. Section IV
technology. This technology aims at providing broadbanihtroduces our QoS architecture followed by notations used
wirelesslast-mile access in a Metropolitan Area Networkin this paper in Section V. Section VI presents overview
(MAN), with performance comparable to traditional cablepof QoS-CAC followed by pseudocode in Section VII. Sec-
DSL, or T1 services. The most widely used Wirelession VIII describes a bandwidth estimation mechanism for
technology, IEEE 802.11, can only be used in a LANRTPS and NRTPS connections. Section IX presents our
environment because its transmission range can only cosmulation results followed by conclusion in Section X.
up to few hundred meters. While 802.16 has a transmission
range of few kilometers, it also supports Quality of Service Il. RELATED WORK
(QoS) by providing various service classes and by having There have been few proposals presented in the literature
high bandwidth. The service classes in 802.16 have beém support QoS in IEEE 802.16 networks. For example,
carefully designed to support real time applications likeChu et al. [4], proposed a QoS scheduling architecture
voice and video and non-realtime application like largéor the MAC protocol in 802.16 networks. It is based on
file transfer. Besides, 802.16 based systems are becomimgority scheduling and dynamic bandwidth allocation. They
increasingly more feasible because of ease of deploymemve chosen GPSS (explained in Section 1lI-A) mode for
in remote areas where wireline connectivity would béandwidth grants. Though they proposed an architecture,
prohibitively expensive. Thus, 802.16 network is a venthe authors have not provided any simulation results that
attractive technology for providing integrated voice, videshows the effectiveness of the proposed architecture. In [5],
and data services in the last mile. the authors have proposed an uplink scheduling architecture

Different kinds of traffic supported by 802.16 networkto support QoS guarantees like bandwidth, delay for both
are classified into one of the following Services:(1) UnDOCSIS and IEEE 802.16. They have chosen GPC mode
solicited Grant Service (2) Real-time Polling Service (3¥or bandwidth grants. It is a centralized approach wherein all
Non-Real-time Polling Service and (4) Best Effort Servicethe scheduling decisions are taken at the base station (BS).
The standard provides specification for these different sefuthors have claimed the architecture to be simple and
vices, but does not specify any scheduling architectureapable of supporting diverse QoS requirements for various
There have been few scheduling architectures reported service flows. No simulation results are presented to show



efficiency and performance of the proposed architectur@he architecture and Admission Control mechanism de-
In [6], the authors proposed a hierarchical structure fascribed in this paper assumes TDD mode. In 802.16, a
bandwidth allocation to decide whether QoS for a particulafDD frame has a fixed duration which may take one of
connection can be satisfied at the BS. They use a simpiee three values: 0.5, 1 or 2 msec. Each frame is divided
admission control mechanism as described in equation(ifito a Downlink subframe, and an Uplink subframe. The
Bandwidth allocation is the only QoS criterion used in thidbandwidth allocated to each of the above subframes can be
architecture. However such scheme may fail to satisfy thedaptive. Each subframe consists of an integer number of
QoS requirements for service classes which not only requikhysical Slots (PSs), which represents the minimum unit of
bandwidth guarantee but also need guarantee in terms lindwidth allocation. Each frame starts with a Preamble,
delay and jitter. IEEE 802.16 standard [1] neither specifiegssed for synchronization. This is followed by the frame
any Admission Control nor Scheduling Architecture, anatontrol section, containing the Down Link Map (DL-MAP)
leaves them to the implementors. and UpLink Map (UL-MAP) fields, which describe the
usage of PSs in downlink and uplink directions respectively.
Each SS receives and decodes the control information of the
downlink direction contained in the DL-MAP and looks for
A. Basic Operation MAC headers indicating data for itself in the remainder of

IEEE 802.16 standard provides specification of the MAc¢he Downlink subframe. , o
and physical layer. 802.16 physical layer operates at 10-66 1hrough the UL-MAP, the BS informs the transmission
GHz and 2-11 GHz with data rates between 32 and 13@Pportunities of SSs, based on the bandwidth requests made
Mbps, depending on the channel frequency and modulatié}_Y each SS. I_SandW|d_th requests are transmitted through spe-
scheme. Figure 1 shows a typical 802.16 network. It consisgdl purpose information elements callBW-Requestsach
of a central radio Base Station (BS) and a number oPS havmg' decoded the corresponding conf[rol information
Subscriber Stations(SS) which communicate with the Bgontained in the UL-MAP, knows exactly which PSs of the
The BS is typically connected to wireline network to extend/Plink subframe it is allowed to transmit in.
the connectivity of SSs to Internet. SSs are user prem%e Uplink Scheduling Servi
network equipments usually installed at Small Office Home™ plink Scheduling Services
Office (SOHO) or residential customer sites. Scheduling services represent the data handling mecha-
The network access to the buildings is achieved throughisms supported by the MAC Scheduler on a connection.
exterior antennas communicating with the BS. Each SS c&mch connection is associated with a single data service [1].
have a number of users accessing the network. Both BSach data service is associated with a set of QoS param-
and SS are fixed, but inside the SS, users can be eitters that quantify aspects of its behavior. 802.16 standard
static or mobile. Communication can happen in two modesupports four types of servicebnsolicited Grant Service
Point-to-Multipoint (PMP) mode and Mesh mode. In PMP(UGS), Real-time Polling ServicdRTPS), Non-real-time
mode, all communications happen through the BS and tholling Service(NRTPS), andBest Effort(BE).
BS acts as the central entity that decides the transmission, UGS: The UGS is designed to support real-time service
and reception schedule of the SSs. In Mesh mode SSs can flows that generatéixed-sizedata packets on periodic
communicate with each other without the need of BS. Our  pasis, such Voice over IP. Thus, it eliminates the
study is based on the PMP mode of operation. In PMP  gyerhead and latency of SS requests and assures that
mode, a BS controls all the communication in its coverage  grants are available to meet the real-time needs of the
area. The communication path between SS and BS has two ¢cgnnections.
directions: Uplink (from SS to BS) and Downlink (from BS , RTPS: The RTPS is designed to support real-time
to SS), multiplexed either with Time Division Duplex(TDD) service flows that generate variable sized data packets
or Frequency Division Duplex (FDD) [7]. Transmission  on a periodic basis, such as Moving Pictures Experts
parameters, including the modulation parameters and coding  Group (MPEG) video. The service offers real-time,
schemes, may be adjusted individually for each SS on a periodic, unicast request opportunities, which meet the
frame-by-frame basis. SS usBandwidthRequest mecha- connection’s real-time needs and allow the SS to spec-
nisms to specify Uplink bandwidth requirement to the BS. jfy the size of the desired grant. This service requires
There are two modes for granting bandwidth requested by  more request overhead than UGS, but supports variable
SS. grant sizes for data transport efficiency. The BS should
« Grant Per Connection(GPC): Each connection is provide periodic unicast request opportunities so that
treated separately and bandwidth is allocated to each the SSs can change their bandwidth requests.
connection explicitly. SS then transmits in the order « NRTPS: The NRTPS is designed to support non-real-
specified by the BS. time service flows that require variable sized data

IIl. OVERVIEW OF |IEEE 802.16 BROADBAND ACCESS
SYSTEMS

« Grant Per Subscriber StatigGPSS): All connections
from a single SS are treated as single unit and band-
width is granted accordingly by the BS on a per SS
basis. An additional Scheduler in the SS determines
the service order among its connections in the granted
slots.

grants on a regular basis, such as high bandwidth
FTP. The NRTPS offers unicast polls on a regular
basis, but at a larger intervals than RTPS, assuring
that the service flow receives request opportunities
even during network congestion. The BS shall provide
timely unicast request opportunities. NRTPS works
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similar to RTP Service but has larger values for itshe Downlink and Uplink are broadcast channels, the only
parameters. way that a SS can know that it has been admitted or not,

« BE service: The intent of the BE service is to providdas by looking at the Uplink Map message which contains

efficient service for Best Effort traffic like Web traffic. the information of slot allocation to various SSs. If the

BS provides contention slots (in the UL-MAP) for SSconnection is accepted by Admission control, the SS will

to make new BE connection requests. then send its bandwidth request which will be classified
The traffic scheduler located at the BS decides on th@nd directed to the appropriate Priority Queue on the basis
allocation of PSs in each time frame by considering thef cid. The periodic grant generator ensures allocation of
following parameters for each of the active connections: requested data slots for all previously admitted UGS flows
the scheduling service specified for the connection 1N €ach of the scheduling interval such that QoS guarantees

: QoS parameter values of the connections are not violated. The Scheduler looks at the Priority Queues
« the availability of data for transmission (queue size) for bandwidth requests of different services and decides on
« the capacity of the available bandwidth the slot allocation, which is then fed to the Map Generator.

Map Generator generates an Uplink Map message. This
erated Uplink Map message is used to generate the TDD
rame.

By specifying a scheduling service and its associated Qo@e
parameters, the BS Scheduler can anticipate the through
and latency needs of the Uplink traffic and provide poll

and/or grants at appropriate times. B. Subscriber Station Architecture

IV. OUR QOS ARCHITECTURE Figure 3 depicts the QoS architecture of SS for making
A. Base Station Architecture bandwidth requests periodically, depending on the service

Figure 2 depicts our proposed QoS architecture at ﬂféass.t_ype_. Appllc_at|ons once admitted into the network, are
base station, that uses GPC mode for granting bandwid@@ssified into various service class types by the connection
to SSs. Our main goals in designing the architecture afa@ssifier at the MAC layer. This results in application
to provide delay and bandwidth guarantees for varioudata being directed to one of the priority Queues (UGS
applications while still achieving high system Utilization. QUeU&RTPS QueusNRTPS QueueBE Queue) at SS.
The architecture supports all types of services specified ¥ithin the Queue, we follow First-come-First-Serve policy.
IEEE 802.16 standard. Since IEEE 802.16 MAC protocol h€ MAP messages will inform the SSs when to transmit
is connection orientedany application must establish adata and when to transmit bandwidth request. The SSs
connection with the BS as well as associate it to on@ill inform the BS about their bandwidth requirements by
of the service class types before it can start transmitting@king specific bandwidth requests for each connection.
data. When a new flow generates/updates its parametd¥§ assume that the application informs the SS about its
through Dynamic Service Addition, Change or Deletéraﬁ',c characterlstlcs.such asinrate andmazrate. \_Nhlle
(DSA/DSCI/DSD) requests, it sends a message to the B&aking DSA, the SS informs the BS about the traffic charac-
The classifier at the BS depending on the type of servidgristics that it is going to requestin the future. A Bandwidth
request, classifies it into one of the Priority Queues (PrioritgStimator Agent (BEA) monitors the queue length of each
Order: UGS QueusRTPS Queue>NRTPS Queue). Best- TPS and NRTPS connections to estimate the banwidth
Effort requests do not go through Admission Control prof€duirement of the connection and subsequently make the
cess. If bandwidth is available at the end of each schedulif@pPropriate bandwidth request for such connections. Details
interval, the scheduler will allocate it to BE traffic. of working of BEA is presented in Section VIII.

The Priority Queues (UGS, RTPS, NRTPS) are accessed V. NOTATIONS AND DEFINITIONS
by the Admission Control module in order to check whether :
the requested QoS can be guaranteed in the current situationThe number of connections in a service class ad-
at the BS. If accepted, each connection will be allotted amitted into the network is denoted bW vice class-
unigue connection identifier (cid) and the Admission controlhe total number of connections (of all classes) in the
informs the scheduler to allocate bandwidth request slosystem is denoted a®v. We denoteit® (1 < i <
in the next scheduling interval to that connection. SiNC& . icc_ciass) CONNEction request (received at the BS) of



a serviceclassas Cgervice-class  Seryice class can be oneA. Bandwidth based CAC (BW-CAC)

of the four services defined in 802.16 igerviceclass € Most of the literature we surveyed for 802.16 system,
{UGS, RTPS, NRTPS, BE}. The service parameters of e found that they have implicitly assumed a conven-
a connection are denoted in brackets as given below.  tional bandwidth based CAC (BW-CAC). BW-CAC admits

« A UGS connection request comes with the followingflows as long as there is enough bandwidth to satisfy the
parameters:nominal grant interval tolerated grant incoming request, but it does not consider the deadline
jitter, maximurorate. The i** UGS connection is rep- constraints of the connections. The BW-CAC receives all
resented a"l’®" and its associated parameters argne DSA/DSC/DSD requests and updates the available
denoted axC’“S[ngi], CY%S[tgj], CY“S[maxrate] pandwidth after admitting new connection or deleting an
respectively. outgoing connection or honoring bandwidth change request

« An RTPS connection request comes with the folof a connections. The available bandwidtBI,,.i) is
lowing parametersnominal polling interval tolerated  given by
poll jitter, minimumrate, maximunrate. So theit?

RTPS connection is denoted &*7"S whose pa- N
rameters are represented@8” S npi], CETT[tpj), BW,yus — BW — Z ZC; rate] (1)
CETPSminrate], CETPSmazxrate] respectively.

« An. NRTPS connection request comes with
the following parameters: nominal  polling where Cf[rate] = Cf[mazrate] when s € UGS,
interval, tolerated poll jitter minimumrate, Cj[rate] = Cj[minrate] otherwise andBW is the total
maximumratey traﬁicipriority which are represented link bandWIdth Note that available bandwidth .|S calculated
asCNETPS[npi], CNETPS [tp4], C{VRTPS[minmteL based on minimum rate, although a connection may have
CNéTPS[maa:rate], CNRTPSpriority] for the it been allocated more thaminrate. This is because for
cénnectioanVRTPS respectively. variable rate connections (e.g., RTPS), only the minimum

. Finally, a best effort connection request comegate is guaranteed.
with the following parametersmaximunrate, traf- ; )
fic_priority which are represented ﬁiBEb[maxmte], B. Overview Of QoS CAC . :
CEE[priority] for the i" connectionC'’? Our QoS-CAC algorithm (running at the .BS) admits

K3 K

« Hyperinterval: Since connections come with differenffonnections such that QoS guarantee is provided to all the
parameters, Hyperinterval is used for testing admidmitted connections. A new connection request is classified
sibility of connections. This makes sure that Qogntoapartlcular queue dep(_endlng on the assoqated Service
requirements are met at every periodic interval of th&'@SS type. QoS-CAC services thi5S connection queue
corresponding service type. Hyperintervals of differenfirSt followed byRTPSand then byNRTPSqueues. Thus,
service types are defined as follows. it provides highest priority to UGS connections requests

followed by RTPS and NRTPS connection requests. There
is no need for Admission Control to Best-Effort connections
since it does not require any guarantees. In every scheduling
where LCM is the Least Common Multiple. For RTPSinterval, the QoS-CAC algorithm scans the new request

s€{UGS,RTPS,NRTPS} i=1

HIVES(N) = Vi LCM(CY 9 ngi)), 1 <i< NUGS

connections, the Hyperinterval is defined as: qgueues of different service classes in the order mentioned
and decides whether it can guarantee the requested QoS of
HIRTPS(NY = Vi LOM(CETPS[npi]), 1 < i< NETPS the new connection as well as the existing connections, if

the connection is admitted.

1) Admission Decision of UGS Connectioli: the re-
quest is of type UGS then, it should satisfy the necessary
condition: the requested slots based on its maxrate within
its ngi should be less than or equal to the total number
Finally, the Hyperinterval of all the connections acros®f slots that can actually be accommodated within the tgj
the three service categories are calculated as followdased on BW i.e

[(CY%S[ngi] * CYSmaxrate])/slot _size]

< [(CYES[tgj] * BW)/slot_size] 2
Note that the Hyperinterval changes as the number N ) o
of connections in the system changd@sl(N) is the Once the necessary condition (2) is satisfied then the
parameter used to check admissibility of a connectioR€xt step is to ensure that the required number of data
by the QoS-CAC module. slots are available withirtolerated grant jitter (tgj) for
each nominal grant interval (ngi) in a period equal to the
VI. QOS CALL ADMISSION CONTROL (QOS-CAC) Hyperinterval HI[N]. Our CAC uses a helper routine
ALGORITHM search(no-of _slots, initial _slot, final_slot) (used in
In this section we first explain the conventional bandAlgorithm 1 and Algorithm 2) to complete this task. This
width based CAC (BW-CAC) and then give the details ofoutine searches fono_of_slots in an interval between
our QoS-CAC algorithm. [initial _slot, final_slot]. Figure 4 shows allocation

Similarly, for NRTPS connections, the Hyperinterval
is defined as:

HINRTPS(N) — LCV]\4(CV2_NRTPS[npi])7 1<i< NNRTPS

HI(N) — LCM(HIUGS,HIRTPS,HINRTPS)



of data slots to a connection. The connection requiragquest. Since BE traffic is not given any guarantees, there is
2 data slots (see Figure 4(a)) in every nominal granmto admission control for BE connections. If a higher priority
interval (vgi). These two data slots are allocated startingequest arrives, it is serviced first in the next scheduling
from tgj and moving to the left. This task is done byinterval and then only any existing BE connections are
allocate(no_of _slots, initial _slot, final_slot,cid). This considered.
routine allocatesno_of_slots starting from final_siot
from right to left to connection with identifierid. VIl. PSEUDOCODE OFQOS-CAC ALGORITHM

Figure 4 represents the case where a new request arrivesn this section, we provide the pseudocode of the call
with samengi and tgj which requires one data slot. The admission control algorithm for UGS and RTPS connection.
previously allocated two data slots (see Figure 4(a)) iSAC for NRTPS is very similar to RTPS, hence is not
shifted towards the left by one slot to make room for the newrovided here. A new connection request is sent by SS to
connection(see Figure 4(b)). Our algorithm always allocatehe BS. The BS runs the appropriate QoS-CAC algorithm
slots to the new request such that the new request gets tisScheck whether the connection can be admitted or not.
slots starting from its deadlingy(j) to the left.

In the previous example, the connections’ slots weré. CAC for UGS Connection

allocated contiguously. But this may not be the case always. 4dmission_Control_for UGS() handles the admis-

If a new request has the same ngi as the previously admittgghn of UGS connections. It first checks for the necessary
request but with a different tgj (or with different ngi and tgj) condition in Line 1. Then in Line 3, it finds the number of
then the allocation of slots may become non-contiguous agots required to satisfy QoS requirement of the connection
shown in Figure 5. Since tgj of the second connection (s§g every ngi period. It then makes sure that the required
Figure 5(b)) falls on one of the alloted slots of the firstyymber of slots are available in evenyi period in the
connection (Figure 5(a)), one slot of the first connection igjyperinterval HI(N) (Line 7). Once this is ensured, it
shifted to the left to make room for the slot required by thehen goes on to allocate slots. Allocation of slots is done as

2nd connection. o _ explained in Section VI-B.1.
2) Admission Decision of RTPS Connectidhthe re-

quest is of type RTPS then it should satisfy the necessat - — UGS
condition:the number of required slots within the npi as per'&igo”thm 1 AdmissionControlfor UGS (7", HI[N])
its minrate should be less than or equal to the total numbefequire: {/*This algorithm takes new connection requeSf’“S as Input and
of slots that can actually be accommodated within the npi allocates slots if accepted*/{/*Check if necessary condition is satisfie$i*/
as per the total bandwidth.e., 1 it [(CF%[ngi] x CF “S[maarate])/slot_size] < |(CF 9 [tgs] *
BW)/slot_size]| then

no.of ngi= (HI[n])/CY 5 [ngi));

no.of slots= [(CY ¢ [ngi]*CY ¢ [maxrate)/slotsize)|;

ngi.in_slotunits = | (CY %5 [ngi] x BW)/slot_size|;

initial _slot = 0; slotsfound=1;

finalslot = | (CY ¢ [tgj]+BW)/slotsize |; {/*Check for availability of

required number of data slots within tolerated grant jitter in every ngi within

HI[N]*}

for Jj=1 to naof_ngi do

[(CETPS[npi] « CETPSminrate]) /slot_size]
< [(CETPS[tpj] » BW)/slot_size]  (3)

Once the necessary condition (3) is satisfied, the number

of slots needed for making a bandwidth request (calledgi
Request Sldtshould be found within thlerated poll jitter o
(tpj) in every nominal polling intervals (npi) withid/ 7[N]. ~ 19:
The required number of data slots should be found in eac%gi

nominal polling interval of HI[N] as per theminrate.

This is depicted in Figure 6 and Figure 7. In Figure 6&%‘5
allocation of the first connection is shown. There is oné®8:
Request Slot assigned to the connectiotpgtand two data 1g:
slots assigned atpi. Now, when the second connection 19

arrives, it displaces the allocated Request Slots as w

as data slots of first connection to the left (Figure 7)%% onm

This example assumes that thes and tpj of the two

slotsfound = searchio_of_slotsinitial _slotfinal_slof);
if Islotsfound then
connection rejected
return;
end if
initial slot = | (j * Y ¢9[ngi] + BW)/slot_size];
final_slot= initial _slot + ngi.in_slotunits;
end for{/*Required slots are available, now allocate the sldts*/
initial _slot = 0;
finalslot = | (CY ¢ ¥ [tgj] *BW)/slotsize |;
for j=1 to no.of_ngi do
allocatefo_of slots,initiaLslot,finalslot,cid);
initial slot = | (j * Y ¢9[ngi] + BW)/slot_size];
final_slot= initial _slot + ngi.in_slot.units;
end for

connections are the same. If they are different, then it
may lead to non-contiguous allocation very similar to UG

connections discussed earlier. This task of slot aIIocationSE' CAC for RTPS Connection

done byallocate() routine in Algorithm 2.
3) Admission Decision of NRTPS Connectichdmis-

Admission_Control_for_RTPS() shows the algo-
rithm for admitting an RTPS connection. This algorithm

sion criteria of NRTPS are very similar to that of RTPSis quite similar to UGS except that it also needs to make
because they differ only in the parameter values once tlseire that there are enough number of bandwidth request
NRTPS requests are sorted pyiority. NRTPS parameters slots available in everypj in a Hyperinterval HI(N).
carry larger values ofpj andnpi compared to RTPS. The admission decision is based on thgnrate of the

4) Admission Decision of Best Effort Connectidhthe  connection. Thus, the connection is admitted if the system
request arrived is of type Best Effort(BE), the algorithmcan meet the minimum rate of the connection. Thus, it is
looks for available free slots and assigns it to the arrivedossible that if the connection requests for more bandwidth
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than theminrate, the system may not be able to allocate « minrate < BR < BW,;, : BEA sends a bandwidth

the requested bandwidth, but may only provigénrate request forminrate

(or whatever is available at that time). e BW;,, < BR < maxrate : BEA sends a bandwidth
request forBR

« maxrate < BR : BEA sends a bandwidth request for

VIIl. BANDWIDTH ESTIMATOR FORRTPSAND NRTPS
maxrate

CONNECTIONS
IX. SIMULATION EXPERIMENTS

We have developed a simulator using C on a Linux

atform to evaluate the performance of our QoS-CAC

A o |

specification, the network needs to guarantee only minimu : ; : - ;

r:fte to such connections. If the sgcheduler allo)c/;ates On@gonthm. In this section we present the simulation set up
: nd results of our experiments

minrate, then the system can admit more connections, but
packets of admitted connection may encounter large delays, Simulation Parameters

if the connection aCtUa”y needs more bandwidth. The other For our experimentsl the System parameters used are as
option is to always allocate maxrate to the connections. Akhown in Table I. We divided the entire channel capacity
though this will ensure that packets of the connection havgito 2 halves making 16Mbps available to Downlink and
small delays, this scheme will result in wastage of resourcagmpps towards Uplink. We have used Voice over IP (VoIP)
when the connection really needs less than the maxrate. 3gpjications as the sources of UGS traffic. The UGS traffic
address this issue, we propose a simple way of estimatipgrameters are shown in Table II, which depends on the type
the bandwidth requirement of RTPS and NRTPS connectiqs codec used. Table Il lists the parameters used for RTPS,
at the SS. There is Bandwidth Estimator AgerBEA) at  NRTPS and Best Effort connections. Arrival of connections
the MAC layer which monitors the queue lengths of eaclyegardless of service type) is modeled with a Poisson
RTPS and NRTPS flows at regular interval and calculategstribution. The lifetime of a connection is exponentially
the bandwidth requirement of the flow by measuring th@istributed with an average lifetime of 180 seconds. We used
arrival rate of the traffic over the interval. The bandwidththree codecs for our simulation environment for generating
requirement BR) is calculated as the ratio of changeyp|p traffic. A newly generated UGS connection request is

of queue Iength between current and preViOUS monitori%signed a Codec random'y out of the three'
interval to the monitoring interval. A configurable threshold

called BWyy,., is used while requesting for bandwidth. TheB- Experimental Results
badwidth request is made by BEA as per the following rules 1) Only UGS ConnectionsOur first experiment had
(also shown in Figure 8). a dedicated 16Mbps Upstream channel capacity for only

RTPS and NRTPS services have a variable bandwidth
requirement (betweeminrate and mazrate). As per the



. .. CODEC | bit rat t tive-durat
Algorithm 2 AdmissionControlfor RTPS CFTPS, Lo | pprrms) [ hilns] | acve-duraonts)
HI[N]) G.721 | 32Kbps | 20 10 180

G.728 16kbps | 20 10 180

Require: {/*This algorithm takes service request®”*5 as Input and allocates
slots in the Map if accepted}/{/*Check if necessary condition is satisfiedl*/ TABLE Il

UGS TRAFFIC PARAMETERS
1: if ((C;Tps[npi] x  OFTPSIminrate])/slot_size] <
L(CETE npi] « BW)/slot_size] then

2:  no.ofnpi= (HI[N]/C,-RTPS[npi])S;

3. npizin_slot_units = |C"" % [npi] » BW)/slot_size]; ) .

4:  initial _slotbw=0; , , 256kbps, minrate=128kbps, npi=1s and tpj= 0.5s. The

5: final_slotbw = [(CETPS[tps] » BW)/slot_size]; : ; : : :

6 for j=1 10 no.of npi do e Flow-Acceptance ratio vs arrival rate is shown in Figure 10.

7. s%)ts,found = searcl}ibwﬁrequesizlots,iPiti?LsIowa,fingLsIowa&; The Acceptance Ratio starts dropping much more quickly

e e st slops 19 the number of slots required to make 2 than the UGS-only setup as arrival rate increases. This

8 if !slots_found then is because of the fact that RTPS flows have requesting

10: Copmection rejected rates much higher than that of UGS traffic. Tight delay

E: 'en'(é'if| lotbwe]j + (CFTPS [npi] « BW)slot.size] requirements along with higher requesting rates of RTPS
: Initial _slotbw={ j * (C; np| * slot_size ; icai i

13 final slot bwsinitial 1ot bW api_in_slof wunits: connections adversely affe_ct admission of a new connection.

14 err:d Lorf{/*Requicrjed nukr’nberf %f ban?width requ.elstk}lslc;ts are available, now  3) All Classes of Traffic:In the next experiment we

check if required number of data slots are availal e* 7 i

15:  no.ofslots [(CAT P [npil<C 1 P5 (minrate])/slot size]: allowed all types of traffic. It used the parameters listed

16: initial slot=0; in Table Il to generate RTPS, NRTPS and BE traffic and

g; ;i;aliilft?otggfzf;isggpi} * BW)/slot_size]; Table 1l to generate UGS traffic. Arrival rate\)( (of each

19: _slots,fmln;i:search(ncof,slots,initiaLsIot,finaleot); Q'aSS) are mcrgasgd from 1 to 20 ar.rlval'S/SEC. As r_nen—

20: if tslots_found then tioned before, lifetime of each connection is exponentially

21: reject the connection s . . .

22 return distributed with a mean of 180sec. Since BE traffic does

23: end if - ic i

ot il SIot= | « (CFTPS [npi] « BW) /slot.size] not go through CAC, Flow Acceptance.of BE traffic is

25: final_slot= initial _slot+npi_in_slot_units; actually the ratio of number of slots assigned to BE class

26: end for{/*Required number of data slots are present in every npi in on i i
HI[N]:{now ot e Bandwidih and Gats Scp &0 the total number of slots required to satisfy all the BE

27:  initial _slotbw=0; traffic. Figure 11 shows the Flow-Acceptance ratio of each
%g; ifmt’oil‘j;lslglf&b_mgt(CfT”s[tpj]*BW)/slotfsizeJ: class of traffic as the arrival rate increases, when each
30" finalslo|(CETPS [npi] » BW)/slot_size; RTPS and NRTPS connection is allocated sitsixrate.
g%: for iTll totg(gfotnpi dgjs Jots infalslotbwfinalslotbwcid) Similarly, Figure 12 shows the Flow-Acceptance ratio of
. allocatgbw_requestslots, initiaLslot. bw,finaLslot bw,cid); . .
33 allocatgno_of slots, initiaLslot,finalslot,cid); each ClaS_S When each RTPS anq NRTPS connection is
34: initial _slotbw=|j * (CFT75 [npi + BW)/slot _size]; allocated itsminrate. Allocating minrate to RTPS and
gg; ifnitifl]slogtj_*_ _(?flTPb [npi] x BW)/slot_size ; NRTPS connections leaves more slots for other connections
37 Aol T Al SIOt 1 ot fuptin-slotunits: compared to the case whemazrate is allocated. Hence,
gg: der}d for the Flow-Acceptance ratio improves across all the classes
cendl

when minrate based allocation is done to RTPS and
NRTPS connections. However, RTPS and NRTPS traffic do

Parameter Value not require constant bandwidth, but need varying bandwidth
IR N TeMBpSIQPER) between its minimum and maximum rate. We used the
Frame Duration ms bandwidth estimator to change the bandwidth requirement
glf:)ytifis'ots per Framg ‘110&26 dynamically as described in Section VIII. For this ex-
periment, we have seBW;;, midway betweenminrate
TABLE | andmazrate of a connection. Figure 13 shows the Flow-
SYSTEM PARAMETERS USED IN SIMULATION Acceptance ratio of each class of traffic when the bandwidth

estimator is used. When this is compared with the case
when allocation is done based @mxrate (Figure 11) it
can be noticed that Flow-Acceptance ratio improved for all

UGS traffic. For this simulation, the codec chosen is alwayglasses of traffic except for NRTPS. NRTPS is similar to
G.711. Figure 9 shows the change in flow acceptance rafdlPS connection except that the parameters have larger
as the average connection arrival rate changes. The flo@lues (e.g., theminrate and mazrate are larger than
acceptance ratio is almost 100% until the connection arrivlTPS connection). Thus, slots (bandwidth) which were
rate is around 38. Thus, if a 802.16 network is to b&aved because of bandwidth estimation could not be used
deployed for a voice only (UGS) traffic, then the network0 admit more NRTPS connections because of their large
administrator should make sure that new connections arrigg&ndwidth requirement. Other types of connections, because
at a rate less than 38 connection per second. of thsir Ismall chja_rameter \(]al_ues, were able to take up the
, - : saved slots and improve their acceptance ratio.
2) Only RTPS Connectionsin this experiment, we Since BW-CAC padmits connec?ions based solelz on
er

used a dedicated 16Mbps Upstream channel capacity fQ\rl_a,\”abi“ty of bandwidth (slots), it wiII_typicaIIg have hi
only RTPS traffic. The same parameters are used for eytilization, but will incur deadline misses, Our QoS-CAC,

ery RTPS connection which are as follows.azrate=  on the other hand, will have lower utilization, but will
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and NRTPS Connections Allocated and NRTPS Connections Allocated Fig. 14. FoM Comparison
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Service Type] Max-Rate | Min-Rate [ npi tp)

RTPS 128kbps | 64kbps 0.5s | 0.5s
RTPS 256kbps | 128kbps | 0.5s | 0.5s
RTPS 512kbps | 256kbps | 0.5s | 0.5s

NRTPS 128kbps | 64kbps 1s 1s
NRTPS 256kbps | 128kbps | 1s Is
NRTPS 512kbps | 256kbps | 1Is Is

BE 32kbps - -

BE 64kbps - - -

BE 128kbps | - - -
TABLE IlI

RTPS, NRTPS, BE ARAMETERS

FoM than BW-CAC. Hence, QoS-CAC is better suited for
real time communication than BW-CAC.

X. CONCLUSION

We have presented a QoS architecture at BS and SS
for an IEEE 802.16 network. The paper then outlines the
details of resource (slot) allocation scheme and presents the
pseudocode of our QoS-CAC algorithm. We also proposed
a simple but effective method of estimating banwidth of
RTPS and NRTPS connections which enhances the perfor-
mance of the system in terms of Flow-Acceptance ratio. We
presented performance of our CAC in different scenarios.
We introduced a composite performance index called/

have no deadline misses (because it admits connecticfsCompare QoS-CAC with BW-CAC and showed that our
only when deadline of the connection can be met). Thu§0S-CAC performs better than conventional BW-CAC in

BW-CAC will typically have higher flow acceptance ratio
than QoS-CAC. But Since there is a tradeoff betwee

terms of FoM.
n

utilization achieved and deadlines missed, comparing the REFERENCES

flow acceptance ratio of the two is not fair. Hence we defin
a composite performance index calleidure of Merit (FOM)
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