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QoS Provisioning In Wireless Networks

Source

I

W| reless network

}
max
m Interference Streaming video
Ii Recel ver

How do we guarantee QoS to the user?
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Key Issue: time varying wireless
channel
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How do we estimate wireless channel capacity?




Need for a novel wireless channel model

«“ Radio layer” channel models represent power fluctuations

Radia-layec
channel
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*Hard/impossible to extract { R, D Posst Q0S metrics

Step 2: Map estimated
model to QoS metrics

Step 1: Estimate
model parameters




A “link-layer” channel model
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Instantandgous channel capacity E

\es(L-SNR) O What is channel “capacity”,
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Motivation of This Paper

 Model wireless channel Iin terms of upper-
layer QoS metrics such as data rate, delay,
and delay-violation probability to facilitate
support of QoS In next-generation wireless
networks
— easy of translation into QoS guarantees
— simplicity of implementation
— accuracy
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What Is Effective Bandwidth ?

Data Rate ‘L________m_____/Peakrate

Time

Minimum data rate needed for arrival
traffic to meet its QoS requirements

Effective Bandwidth was proposed by
Gibbens& Hunt, Guerin, and Kelly in 1991



Definition of Effective Bandwidth

- A(t) ( total arrival traffic during [0,t) ) has
stationary increments

a(6,1) = 1 logE[e™"] 0,t] [0,¥)

ot
a(0,1) is called as of arrival
traffic
- Range:

average rate £ o(0,t) £ peak rate
a(0,t) ® average rate as O ® O
a(0,t) ® peak rate as O ® ¥
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Effective Bandwidth & QoS
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Examples

t t
- Regulated Traffic (A t) |
a(6,t) = —Iog[1+A (t)(e“‘)-l)]
At
where p=lim” ) o M
=@ =
e On-Off Traffic .

a(q.t)="log{L+ (e" - 1)
q P

A(t) =rt+pBZ, r=mean trafficrate

1. Z,=0. 2.EZ =0
ou.1 | 3. EZZ =t Hurst Paramter HI (0,1)
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 FBM Traffic

a(q,t):r+%bqt




Extended Definition of Effective
Bandwidth

- For a stochastic process {X(t),t>0} with
stationary and nonnegative Iincrements

1 —logE[e”"],q1 (-¥,¥),t1 [0,¥)

(X‘X(q’t) _ ‘O‘t

o, (g,t) is called as
of the stochastic process
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Effective Bandwidth & QoS

* Assume aggregated traffic ;

arrival process A(t) and link — [l

capacity process C(t) are

stationary, then Q) = max[A(1)- A(9)- C(t) +C(s)]
PQ?3 X] =Slﬂp|°[Q(t)3 X]

a,(@q ,)+a.(q,)® Oast® ¥
R

Ii(@rgilogP{Q3 x}£-9° U P{Q3 x} »ge X
x®¥ X

14



Special Cases
cwert & w0 -

supPr{D(® 3 x] »g(r) e’ "
o(r) =P[D(t) 0] g(a) =lima,(.1)

Q(t) =max[A() - A9)- C() +C(s)

A(t) t & a,(@.)=u P[Q3 x] =supP[Q(t)* X]
:u AM:L) — t

supPr[D(t) 2 x]»g(u)” e u ht(u)x
g(u) =P{D()° 0] h(@)=-limac(-q.1
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Proposed Link-level channel

lnstantaneous Channel Capacity

model om0
1} \ Buffer
Data — i Data
SOULCE : siok
1

D(t)

e According to:
SUpPr{D(t) ® D} » g(u)” """ O
t

[ {g(u), h~*(u)} iscaled link-layer wireless channel model

e Interpretation
- Probability of delay, experienced by CBR
traffic with rate u, more than D is bounded by

-u h ™ (u) Dy

g(u) e y



Simple Estimation Algorithm
P{D(V)* D,,.} i) ¢ * Tl o~

E[D(t)]:u'grfﬂ)(u) E[D(t)]:t/ (u) +E[Q®)]/u h'l(u)=u,t (S)(E)E[Q(t)]

average remaining time
of a packet being served

e Taking N samples over an interval with length T
- S(n) indicates whether a packet is in service at the n-th sample
- Q(n) indicates queue length at the n-th sample

— T(n) indicates the remaining service time of the packet at the n-th sample

g=L8 s 0=18 QM =13 TMm hi-=
g N?:l Ngl > Nr%l

@ |

ut_+0Q

2]

P{D(t)3 D, }»g e!" ®Plm 17



Summary of EC Link Model

EC link model:

1.{g (u), h"*(u)} isthe EC link model, which exists
1f the log-moment generating function r(qizi(i@gémc(-q,t)i11 (11)
exists [e.g., for a stationary Markov-fading process C(t)].

2, In addition to its stationarity, if 7(¢) is also ergodic,
then {g (u), h *(u)} can be estimated by (19) through
(22).

3. Given the EC link model, the QoS {1, Dypax, €} can
be computed by (23), where £ = sup, Pr{D(¢) > Dy }-
4. The resulting QoS {j, Dy, €} corresponds directly
to the SC specification {/\,E“}, o), &'} with

M) = o) =D and & < e




Simulation Results

Transmitter N _ Fading Received
I'ransmitted channel signal
Data ’f—h"\l data TN .
source _/,J' =X =+ = Receiver
Rate = Ll Qn Iy
Gain Noise
TABLE I
SIMULATION PARAMETERS
Channel Maximum Doppler rate f,, 5 to 30 Hz
AWGN channel capacity rawgn 100 kb/s
Average SNR 0/15 dB
Sampling-interval T 1 ms

Source

Constant bit rate u

30 to 85 kb/s
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Fig. 10. Prediction of delay-violation probability, when f,,, = 5 Hz.



Contribution of This Paper

‘ link-layer wireless channel model {g(u),h*(u)} ‘

for QoS Guarantees
3 s _-uh*(u) D,
supPr{D(t) ® D} »9(u) e
t
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Not solid theoretical foundation

a,@ ., t)+ac(q,)® Oast® ¥
R

Ii@rgllogP{Q3 xX}£-9g° U P{Q:3 x} »ge'xCI
X®¥ X

*

Are the algorithms based on sampling accurate and simple?

g=13 o=132 =12 =9
9= a s Q=aQm L=yaTm  hws= =
Pr{D(t)3 D, }»g ! " © P

Are the algorithm easy to use?
Only for CBR traffic
Does not explicitly take modulation and channel coding into account
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Future Work

 More deeply use effective bandwidth
theory

e Take Its advantage but avoid It
disadvantage

e Build a more power channel capacity model
for QoS provisioning
 Implementation in 3G or 4G
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