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» Channel Access methods in IEEE 802.11¢é:

o Hybrid Ceordination Function (HCE)

Enhanced Distributed Channel Access (EDCA)
« Contention-based

HCE controlled channel access (HCCA)
» Polling-bsed

¢ The EDCA cannoet guarantee strict QoS
required by real-time services witheut
proper network contrel mechanisms.
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¢ [0 overcome this deficiency, the authaor
Proposes

» Aalytical model

to derive an average delay estimate for the traffic
of different priorities in the unsaturated 802.11e
WILAN

e Two call admission control schemes

e A rate control scheme

relies on the average delay estimates and the
channel busyness ratio
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¢ Key idea:

o \When accepting a new: real-time flow, the admission
control algerithm considers its effect on the channel
utilization and the delay experienced: by existing| real-
time flows.

o At the same time, the rate control algorithm allows the
best effort traffic to fully: use the residual bandwidtn
left by the real-time traffic, thereby achieving high
channel utilization.
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EDCA (Cont.)

Immediate access when

Medium is free >= AIFS I}/
AIFS [j}/ AIFS [K]

AIFS[iJ/ AIFS [il/ AIFS [K]

as medium Is idle
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Define Wi,0 = CWiI, min.

At different backoff stage | € (0, a ), Where a Is the
maximum nuMmBber of retransmissions, the contention
window size

t2J 2"W.o0 tfm<ji<a
2.,L B J0m=

et pI denote the probability: ofi collision seen by a
transmitted packet frem queue I.

We define b(l, t) as a stochastic process representing| the
value ofi the backoff counter at time t, andis(l, t) as a
stochastic process representing the backofi stage |,
where 0<|<c.



Markov chain for the 802.11e
backoff procedure
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¢ [he probability that a nede of priorty I tiansmits
In a random slot, givenithat the gueue: IS net
empty:

2(1-2p;)(1- }-; :]
T, = Yhﬂl = 1-1-"-;:,|:|IZ:1—(JJLJ +1”1 ?-!:H":l 11:!”:1_3:'-? l

2(1-2ps)(1-p; ™)
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+ he probability of collisien seen by a transmitted
packet from gueue I:
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s We model a prionty I gueue as a G/G/1
system.

¢ An upper bound for the average waiting

time In the queue:
- traffic intensity

- variances of the interarrival time

- variances of service time

¢ Average packet delay = average waiting time
+ average MAC service time
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Model Validation — Simulation Setting

100 mobile nodes
Channel rate: 2 Mb/s

+ Voice Traffic (VBR)

* On/off seurce with exponentially distributed on and ofif periods, ofi 300
ms average each

» Packet generating rate: 32 ki/s
o Packet size: 160 bytes
* [nter-packet time: 40 ms

Video Traffic (CBR)
« Packet generating rate: 64 kb/s
» Packet size: 1000 bytes

AIFS[2] = 60 11 s, AIFS[3] = 50 1z'S, W2,0 = 32, and W3,0 = 16
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Model Validation

I T
voice: G/M/S
voice: G/G/
voice: simulation
video: G/M/
video: G/G/1
video: simulation
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Average Delayivieode!

¢ As specified in (1] [2], when we keepithe netwerk
Working in the unsaturated case, the delays ior
both traffic classes are sufficiently: smallfte
satisfy their QoS reguirements

e Unsaturated case

Not all the nodes are contending for the channel at the same
time.

Low collision probability

 One way transmission delay for VolP
150ms, and must be less than 400ms
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Call Admission & Rate: Coniro)

Traffic Tvpe Delay: Bandwidthr | Traffic Contrel
P Reqguirement Usage Viechanism
Call
Real-time strict not greedy. admission
controll (CAC)
Non-real- A Tt Rate control
time J / (RC)
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Channel Ultilizauon

¢ Denoted by cu

¢ Defined as the portion ofi the time: that the
channel Is used for sucecessiul
transmissIions In an obsenrvation period
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Call Admission Control |

¢ [hree parameters ane used o charactenze the
pandwidth reguirement of a real-time flow.
« Rmean: average data rate
 Rpeak: peak data rate (bit/s)
* PKI: average packet length (bits)

¢ A successful transmission time, denoted by Tsuc,
IS obtained by

« Tsuc = RTS + CTS + DATA + ACK +3SIFS + AIFS,
where DATA Is the average packet transmission time
for the packet ofi length PKI
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CallrAdmissionrConireiNNCont)

¢ The channel utilization cu conespoending te a
flow’s bandwidthi reguirement as follows:

where U Is the mapping function from the traffic
rate to the channel utilization

¢ Thus, a flow’s bandwidth requirement can be
translated into (cumean, cupeak), Where
cumean = U(Rmean) and cupeak = U(Rpeak).
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CallrAdmissionrConireiNNCont)

¢ [he coordinator records the total channel
utilization due to all admitied real-time flews; Inte
two parameters (CuA,mean, cuA,peak), I.e., the
aggregate (cumean, cupeak).

¢ Meanwhile, the coordinator maintains the
number of flows belong to AC I, deneted by ni.
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CallrAdmissionrConireiNNCont)

Coordinator

ADDTS request

-

(traffic priority, traffic specifica;jgn"(TSPEC) )

.l-f’
-

TSPEC: (Rmean, Rpeak, PKIl)

240)



CallrAdmissionrConireiNNCont)

Obtains (cui,mean, cui,peak)

Coordinator
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CallrAdmissionrConireiNNCont)

¢ Then, It determines If the flow can be
admitted using the following tests:

e First,

TN - [cuimean | 2 curt
IR0 - cuipeak | 7=

e Second, estimate the average delay using the
G/G/1 model.
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CallrAdmissionrConireiNNCont)

¢ |f both of the above conditions are satisfied, the
new flow: Is' admitted, othenwise It Is rejected.
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Remark

¢+ When making admission decisions, CAC
scheme | takes Inte account boeth the peak rate
and mean rate for the real-time traffic.

+ While this ensures that the netwoerk will net be
congested In the Woerst-case scenario, InWhaich
all the VBR real-time traffic transmits at its peak
rate.

+ Problem

o \WWhen many real-time flows withi the ratio
Rpeak/iRmean Is large are admitted, channel
utilization will' be low.
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CallPAdmission Coentreli

+ The coordinator grants admission if the
following test iIs passed:

TN - [cuimean | < curt




Remark on Call Admissien ©oniio)

¢ It can be seenthat there exists a tradeofi
petween strict QoS guarantee and the AUMBEY of
real-time flows that can be accepied.

+ A better balance is to obtain the knowledge
about the rate-changing pattern of VBR flows.

e |t Is very hard.
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Channelr BUsynessHiRaie

¢ Denoted by ro € [0; 1]

¢ Defined as the portion ofi the: time: that the
channel Is busy in an ohsernvation pered

eCU<TD

2.7



Rate Control

¢ Each node needs to monitor the channel
busyness ratio rb during a period of Trb.

+ The node thus adjusts Rbe after each Trb

- tor: [T | b

¢ Ihe node Increases the rate ofi the best effort
traffic If rb < CUmax and decreases the rate
otherwise.
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Rate Control (Cont.)

¢ [0 estimation ofi rior, each mohile nede
needs to decode the MAC header part.

» The observed channel busyness ratio o
cComprises

rbl:from the best effort traffic with a
decodable MAC header

rb2:from the real-time traffic with a
decodable MAC header

rb3:all the traffic with an undecodable MAC
header due to collision
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Rate Control (Cont.)

¢ Give an upper bound and a lewer hound fier Kl
as follows:

T2 K Thr S Th2 + Th3

¢ [0 enferce a conservatively increasing and
aggressively decreasing law, we thus set ror as
follows:

il J ‘ . — T
T — 7 b2 ¢ f ! b =~ C [' TaxT
Ty —

- . A L — L
b2 + 7 b3 E‘f 'y = ( { nax
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¢

Simulation

100 mobile nodes

Channel rate: 2 Mb/s
CUmax = 0.93

CUrt =

CUmax * 80% = 0.744
Trb = 2s

D2 = 200ms, D3 = 100ms

Traffic : .
e \Voice | Video | TCP
AC | 3 2 0)
A4S 510) 510) 80
(us)
Wi,0 16 32 128
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Aggregate Throughput
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ChannelflisyRess alio s Channel
Uibllizauen

—#— Channel utilization
—<— Channel busyness ratio

60 80 100 120
Time (s)




AVerage Delay




Conclusion

+ In this paper, we enhance the 802.11e by
proposing two call admission schemes and a
rate control scheme.

+ Finally, the simulation results show that the
proposed schemes successfully guarantee
stringent QoS requirements of real-time
services, while achieving high channel
utilization.
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