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\ Introduction I

Connection-level Qosonnection setup and management-related

Hand-off dropswhen the cell in the new location does not have
enough bandwidth to support the connection

To eliminate hand-off drops
— reservation of bandwidth for possible hand-offs

How much bandwidth will be reserved in each cell ?

Per-connection bandwidth reservatitmhave no hand-off drops ??

By reserving each connection’s bandwidth in all cells the connecti@n
might pass through

— Not practical, and too costly if possible
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‘ Our Approach I

Connection-level QoS parameters
- Pcg: new connection blocking probability

- Pyp: hand-off dropping probability

Design goal boundingP4p under a pre-specified target value
P target (1.€., probabilistic QoS guarantees)

Predictiveandadaptivebandwidth reservation for hand-offs and
admission control for new requests

Fractionalbandwidths of estimated hand-offs are reserved
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\ Related Work.

e Static reservationa portion of link bandwidth reserved permanentl
e Per-connection reservatiotoo costly if possible

e Fractional bandwidth reservatiohased on unrealistic assumptions
(e.g., exponentially-distributed sojourn times in each cell and kno
hand-off rates)

= Extensive comparison of our work withree other schemeis
MobiCom’98

e History-based mobility estimation to estimate trext cell

= Our scheme predicts bottext cellandhand-off time
probabilistically

Real-Time Computing Laboratory
The University of Michigan



Cell indexing:

‘System Model'

(a) 1-dim. case (b) 2-dim. case

C1

C2

C1l

C6 C2
C5 C3

C4

Ci.j: connectionj in celli; b(C j): its bandwidth

C(i): link capacity of cell

Admission control of new connection by the BS in aehlith target

reservation bandwidtB :

(Ci,j> + bnewf C<i> - Br,i

j€Ci
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‘ Mobility Estimation I

e Mobility information: whenandwhere(i.e., to which cell)
e Observations from road traffic:

O1. Traffic signalsandsigns(e.g., speed limits and stop signs) affec

mobiles’ movements and speeds significantly
O2. During therush hoursthe speeds of all mobiles in a given

geographical area are closealyrrelated
O3. In many cases, theirectionof a mobile can be predicted from

the previous patithe mobile has taken so far

= Cell-specific history-baseahobility estimation
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[Hand-off Event Quadruplets]

e Upon the departure of a mobile from cell O to an adjacent cell, the BS
of cell 0 cache$and-off event quadrupleTeyen: prev, next Tso))

e prev=1 — cell0 — next=3
t=10 t=30

o Tsoj: time duration the mobile spent at cell O, 1.&4j= 20

e Tevent the hand-off time, i.e.Teveni= 30
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[Mobility Estimation Function ]

Describes the users’ hand-off behaviors probabilistically

From the cached hand-off event quadrupl@tsent prev, next Tso )
observed during the lasi,; time (and previous days)

Hand-off estimation functiofyog (to, prev next Tsej) := Wh

Cyclic mobility pattern— wp (= 1) (today),w; (< 1) (yesterday)

next

sojourn time Tsoj
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\ Bandwidth Reservation.

Mobility estimation time window
[to,to + Test]

Hand-off probability pn(G; —
next): probability thatC; ; hands
off into cell nextwithin time Tagt

Extant sojourn tim&ey: 50j(Co,j):
time elapsed sinc€p j entered cell
0

Example:pn(Co; — 4) =A/B

next

¢ sojourn time
Text_soj (CO,j) Tsoj

Text s0j(Coj)+Test

Target reservation bandwid#t cell O:

Bro—zzb i)pPn(Cij — 0),
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[Mobility Estimation Time Window Control ]

= The largerTeg, the largery, the largem;

= To attain ourdesign goamore efficiently

o Reference window siz& (= [1/PHp.target|)
(100 If I:)I—ID,target — 0.0l)

e Should beno more tham hand-off drops out o#v- n (= 100- n)
observed hand-offs

e Ifitis violated, Test := Test+ 1 t0 reserve more

e Otherwise,Test:= Test— 1 to reserve less

= Robust to (1) inaccurate mobility estimation; and (2) time-varying
traffic/mobility
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\Admission Control I

e Target reservation bandwidth is calculated during the admission
control phase of a new request

e Thecurrent cellandsomeadjacent cells participate in the admissio
control

e With currenttarget reservation bandwidgf;""

T1. Foralli € Ag such thaly jcc, b(Ci j) +Bri"™ > C(i),
calculateB,; newly, setB‘rf‘iJrr = By, and
check ify j.c b(Cij) < C(i) — B,
T2. Check ify jcc,b(Co,j) + brew < C(0) — Br.o;
T3. If all the above tests are positive, then the connection is admit§ed.
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\ Performance Evaluation.

Al. 10 linearly-arranged cells (the diameter of each cell 1 km)

A2. Connection requests generated from a Poisson process with rate
(connections/second/cell) in each cell, anywhere in the cell

A3. Voice (1 BU) or video @ BUs) connections with probabillitielR,
and 1— Ry, respectively, where theoice ratioR,, < 1

A4. Mobiles travel in either of two directions with an equal probability
with a speed rangksRnin, SRha) = [80, 120 (km/hour)

AS5. Exponentially-distributed connection lifetime with mean 120
(seconds)

A6. A fixed link capacity 100 BUs for each cell

= PHp.target = 0.01
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[PCB and Pyp vs. Offered Load]

e Design goal is achievenrespective ofoffered load,
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[Br and B, vs. Offered Load]
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Offered Load
e B,: ave. bandwidth used by on-going connections in each cell
e The lowerR,o, the largeiB;,

e Saturation oB; andB, in heavily-loaded region
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[Test and B, over Time]
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e Offered loadL = 300 and voice rati®®,, = 1.0

e Increases ol from hand-off drops
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\ Conclusionﬂ

Mobility estimation based on observed history in each cell

Predictiveandadaptivebandwidth reservation and admission contrg
tO ||m|t PHD beloprD’target

Performance evaluation via simulations

\ Future Work I

Computationatomplexitywill be reported inMobiCom’98as part of
the comparison with three other schemes

Extension to utilize the mobiles’ mobility information frohi'S route
guidance system

Extension tocCDMA systems (soft capacity and hand-off)
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