Case 1: qpr11 =0

Let p; be the probability that ¢ tried to transmit at
this step.
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QF = O\

Since the ¢th station transmits successfully with
probability T'e;: Q). = CT;.

The ith station fails to transmits successfully with
probability (1 — 1_Lp.)pz‘- For i < M,

T
Bj:ufj_ )ps (20 —2%) =1 —T(1 + ¢;)
— Di
Fori: > M
T
B;" = (1~ Ai =X — T
;= l—m) €
For: < M
T
B = ——pi2"=2") =T

For¢> M, B, = 0.
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We want E[A®(t)] = CA — CT Y., & + M —
MT —TY e+ Y N — MT > 6

Set A > = —I— 20 + C, then we need to show that
N

N+M>TQ2NY e+ 2M)
1=1
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Since

1

T =11 (1 —p;) =
Z—l( p) H,fil(].‘FGZ)

we need to show

N
(N + ML (1+€6) >2N > € +2M
1=1
Case 1: Zi\;l € > 1

(N+MIY,(1+¢) > N+MLY ¢ >
ON SN e+ 2M

Case 2: Zf\le € <1

(N + MY, 1+ ) > 2N e + (1 +
SN )M+ (1- XN )N 22N Y & +2M

— Typeset by Foll TEX — 4



Technical Lemma

Lemmal. /f0<¢ <1 then

qu,\;l(l -+ 67;) > 1+ €;

.2&
=11+

Y (14 €) > 2
1

1

Proof.

N
I (1+e)—2) >IN (1—¢) >0
1=1
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Case 2: qp11 # 0

Station M + 1 succeeds with probability
W =102, (1 = 2751 (1 = M)

Asin case 1, Q" = (2N — 1))
0 : otherwise

QZ:{ 2N -1)W : i=M+1

270i(20i 1 _2biy =1 . 1<i<M
Bt = 1-W : i=M+1
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E[A®(t)] = 2N - DA - 2N - )W+ M +1—
W + ZéV:MJrz Ai

> (2N — DA+ M + 1 4 82202 on (g —
ANV =M= = g(M)

We will show that g(M) > 6 > 0 for A > 0.6.

We show that g(M) > 0 in the interval 0 < M <
N — 1, and take 0 to be the minimum of g in that
interval.

g(0) = 2NX+ (1 — A/N) —2N(1 — A\/N)N-1 >
2N (A —e™*) > 0 for A > 0.6.

g(N —1) =2NA+ N(1 — A/N) — 2N > 0 for
A>1/2.

Show that g (M) <0 for 0 < M < N —1. Then
g(M) > 0 in the interval.
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Theorem 1. The exponential backoff protocol is
unstable for any N > 2 when the arrival rate at
each station is A\/N, for A > Xy ~ 0.6.

Theorem 2. The polynomial backoff protocol is
stable for any N > 2, any o > 1, and any \; such that

Z,ﬁil A < 1.
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