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The Collision Channel with Recovery

Stephane Tinguely, Mohammad Rezaeian and Alex J. Grant

Abstract

We consider a simple conceptual model of random accessing to a receiver deploying multiuser de-

tection techniques. The model is a simple extension of Massey and Mathys’ Collision Channel without

Feedback in which a certain probability of recovery from collision is introduced. As the main result

we derive the slot-synchronized capacity region of this recovery channel and show that for sufficiently

powerful multiuser detectors, maximal performance is achieved without any sophisticated transmission

protocols. We also explore the effect of a simple fading model.

Index Terms
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I. I NTRODUCTION

Wireless communication networks are often based on multiple access structures and, in certain

systems, have to deal with senders that exhibit irregular and bursty transmission patterns. As

an example one might think of a wireless local area network or a satellite relay system. In

such systems, the application of rigid transmission protocols such as TDMA or FDMA may

result in rather inefficient use of the channel resources and/or an undesirable degree of network

coordination. Therefore, more flexible random accessing transmission mechanisms, such as

ALOHA or IEEE 802.11 CSMA/CA [1], may be preferred. The mutual interference caused

by packet collisions in such protocols can however have a negative effect on overall network

performance.
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The purpose of this paper is to gain some insights into the benefits obtained through the use

of multiuser detection [2] in wireless networks with random accessing. Our channel model will

be based on the Collision Channel without Feedback [3], introduced by Massey and Mathys.

In this model, users transmit packets of data according to some duty cycle to a central receiver,

without the use of inter-user coordination or feedback of any kind. If packet transmissions from

two or more users overlap in time, a collision is declared and all involved packets are completely

lost. Furthermore, no information is transmitted in the timing of the packets. We shall analyze

the effect of the additional assumption that collided packets have a certain probability of being

recovered. This recovery probability is intended as a conceptual “macro” model of a receiver

deploying multiuser detection techniques.

The effect of this type of multi-packet reception on the stability properties of infinite-user

slotted ALOHA was considered in [4]. More recently, results have been obtained for finite-

user slotted ALOHA [5]. Other relevant work employing the multi-packet reception model can

be found in [6], which determines the maximum stable packet generation rate (which is one

measure of network capacity) for the Manhattan network. In [7], a similar concept of network

capacity is explored with the addition of retransmission diversity, in which all re-transmitted

packets are used to assist demodulation. In this paper, we concentrate rather on determination of

the Shannon theoretic capacity for a simple multi-packet reception model in the multiple-access

channel. Rather than concepts of scheduling and re-transmission, the underlying transmission

model is one of error-control coding.

Section II gives the model of the collision channel that we shall use. In Section III, we shall

give an alternative (yet straight-forward) approach for the capacity of the collision channel. As a

by-product, this allows us to also consider the case in which information contained in collisions

and silent periods is not ignored. In Section IV we extend the channel model to include a

recovery mechanism and calculate the capacity of this new model. We find the per-user capacity

in the symmetric case and conclude with an exploration of a simple fading model on the channel

capacity as well as on the effectiveness of the recovery mechanism.

II. CHANNEL MODEL

We shall now re-cast the collision channel model of [3] into a framework that will suit our

purposes for further analysis. We restrict attention to the slot-synchronized model in which users

April 20, 2005 DRAFT



3

transmit packets aligned to common time boundaries. Accordingly, we interchangeably refer to

these packets as symbols, resulting in an asynchronous channel in the sense of [8] (since we

allow coding over many symbols, or “packets”, we have a symbol-synchronous, but codeword-

asynchronous channel).

TheM users transmit as follows. At every symbol intervali = 1, 2, . . . , userm = 1, 2, . . . ,M

transmitsxm[i] ∈ X , where the common alphabetX containsQ+1 symbols. One of these sym-

bols is specially designated as thesilencesymbol∅, and the remainingQ symbols areinforma-

tion bearingsymbols. Each user’s transmission is independent of all other users’ transmissions

and of past channel outputs (there is no feedback).

The channel delays the transmissions of userm = 1, 2, . . . ,M by an integer number of sym-

bol intervalsδm. These delaysδ1, . . . , δM are non time-varying and are unknown to the trans-

mitters and the receiver. The channel implements the following collision mechanism. If two

or more non-silence symbols are received in the same symbol interval, a collision is declared

(the receiver outputs the symbol∆). If exactly one non-silence symbol is received, that symbol

is output. Otherwise a silence symbol∅ is output. To be precise, we write the channel output

y[i] ∈ X ∪ {∆} at timei as

y[i] =
M∧

m=1

xm[i− δm] (1)

where the symmetric, associative and transitive operator∧ is defined by∅ ∧ x = x, x ∈ X and

a ∧ b = ∆ for a, b ∈ X \ {∅}.

Transmission of information in the timing of packets is prevented in [3] through the device

of pre-determinedprotocol sequenceswith duty cycles0 < pm < 1, m = 1, 2, . . . ,M that

specify the time instances in which the users may transmit packets (information-bearing sym-

bols). Within the channel model as we have described it, this amounts to assuming that each

userm transmits∅ with probability1− pm and that the receiver has perfect knowledge of each

∅ transmitted by each user.

In order to obtain information rates per symbol interval that are independent of the alphabet

size, we assume baseQ logarithms. This normalization also allows us without loss of generality

to restrict our attention to binary sources. If userm transmits at rateRm, the information rate

inside the packets isRm/pm.
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III. C HANNEL CAPACITY

The capacity and zero-error capacity region of the collision channel have been determined

in [3] for both the symbol synchronized and completely unsynchronized (no alignment of sym-

bols can be ensured) cases, and have all been shown to coincide. The outer boundary of this

region is the set of all pointsR = (R1, R2, . . . , RM) such that

Ri = pi

M∏
j=1,j 6=i

(1− pj),

wherep = (p1, p2, . . . , pM) is a probability vector,pi ≥ 0 and
∑M

i=1 pi = 1. The achievability

proof for this region given in [3] is quite remarkable, in that it does not rely on random coding

arguments, rather on the construction of specific protocol sequences achieving, in the symbol

synchronous case, a dense set of points on the outer boundary of the capacity region with zero

error probability1.

We now present an alternate derivation of the capacity region in the slot-synchronized case.

The approach is a direct application of the results in [8], [10] (based on random coding tech-

niques) and therefore does not establish any results for the unsynchronized case nor for the zero-

error capacity region. The multiple-access channel model in[8], [10] differs from the “standard”

setup [11], [12] in that although symbol-synchronism is allowed, users cannot agree upon com-

mon codeword boundaries. This is exactly our slot-synchronized model. This lack of a common

coarse timing reference results only in the lack of a convex hull operation compared to the usual

region [11], [12]2. It is interesting to note that only a few results exist for channels in which the

users do not have synchronized symbols, namely [3] and [14]. As our starting point we therefore

have

Theorem 1 ([8], [10]). The capacity region of theM -user discrete memoryless multiple-access

channel(X1,X2, . . . ,XM , p(y|x1, x2, . . . , xM),Y) without codeword synchronism is the closure

of all rate points(R1, R2, . . . , RM) ∈ (R+)M satisfying

R(S) ≤ I(XS ; Y |XSc) ∀S ⊆ {1, 2, . . . ,M},
1The one-to-one correspondence between the outer boundary of the capacity region and the probability vectorsp =

(p1, p2, . . . , pM ) was originally proved by Abramson [9]. A similar argument can be found in [3].
2For the symbol-synchronous (but codeword asynchronous) channel with the particularity that the offsets between the code-

word boundaries lie within a limited range of time indexes (so-called mild codeword asynchronism), it has been shown in [13]

that the capacity region includes the convex hull operation.
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for some product distributionp(x1)p(x2) · · · p(xM) onX1 ×X2 × · · · × XM .

The notationR(S) stands for the sum of the user rates in the subsetS, i.e. R(S) ,
∑

i∈S Ri.

Accordingly,XS , (Xi)i∈S andSc denotes the complement ofS, Sc , {1, . . . ,M}\S. R+

stands for the non-negative real numbers.

As was the case in [3], we will restrict the transmitter to using a uniform distribution on

the information-bearing symbols. We therefore need to calculate the mutual informations of

Theorem 1 for the channel (1) subject top(Xm = ∅) = 1 − pm andp(Xm = x) = pm/Q,

x 6= ∅, m = 1, 2, . . . ,M together with the assumption that silences∅ and collisions∆ transmit

no information. To this end, we shall additionally condition each mutual information on a help

eventE,

E =

Y, Y ∈ {∅, ∆}

1, otherwise.

The ratesR(S), are now boundedI(XS ; Y |XSc , E) ≤ I(XS ; Y |XSc) sinceE is a deterministic

function ofY . In the particular case where the received signaly is a collision or silence, the help

eventE (by design) “blocks” information,I(XS ; Y |XSc , E 6= 1) = 0 and

I(XS ; Y |XSc , E) = p(E = 1) · I(XS ; Y |XSc , E = 1).

On the other hand, ifE = 1 we know that exactly one packet (i.e. information-bearing symbol)

was received. If this packet is from a user inSc, thenI(XS ; Y |XSc = xSc , E = 1) = 0.

However, if all users inSc are silent,H(Y |XSc = ∅, E = 1) = logQ Q = 1 and

I(XS ; Y |XSc , E) = p(XSc = ∅, E = 1)H(Y |XSc = ∅, E = 1)

= p(XSc = ∅)p(E = 1|XSc = ∅).

Due to the symmetry of the arbitrary user delays, the probabilities for the content of each slot

are the same, and we obtain

I(XS ; Y |XSc , E) =
∏
j∈Sc

(1− pj) ·

(∑
i∈S

pi

∏
j∈S,j 6=i

(1− pj)

)

=
∑
i∈S

pi

(∏
j 6=i

(1− pj)

)
,
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from which we conclude that the initial set of2M − 1 inequalities, is entirely expressed by the

subset ofM bounds on the single user rates,

Ri ≤ pi

M∏
j=1,j 6=i

(1− pj), for all i ∈ {1, 2, . . . ,M}.

This coincides with the result in [3].

Our straightforward approach now allows us to examine the loss due to conditioning on the

help eventE. We concentrate on the two-user case and retain the input distributionp(Xm =

∅) = 1 − pm andp(Xm = x) = pm/Q for x 6= ∅. Under the assumption that non-collided

packets can be uniquely associated with the corresponding transmitter,H(Xm|Y = y) 6= 0 only

if a collision happened,y = 4. Hence,

R1 ≤ I(X1; Y |X2)

= H(X1)− p(Y = 4)H(X1|Y = 4, X2)

= −(1− p1) logQ(1− p1)− (Q− 1)

(
p1

Q− 1

)
logQ

(
p1

Q− 1

)
− p1p2 logQ(Q− 1)

= h(p1) + p1 logQ(Q− 1)(1− p2),

and analogously we obtainR2 ≤ h(p2) + p2 logQ(Q − 1)(1 − p1). Similar computations for

I(X1, X2; Y ), give

R1 + R2 ≤ h(p1) + h(p2) + (p1 + p2) logQ(Q− 1)− 2p1p2 logQ(Q− 1),

which equals the sum of the two constraints on the single user rates, and is hence superfluous.

We summarize the result in the following theorem

Theorem 2. The capacity region of the two user collision channel(1) in which users transmit

uniformly distributedQ-ary packets and for which the information of all channel outputs is

counted, is the closure of all rate points satisfying

R1 ≤ h(p1) + p1 logQ(Q− 1)(1− p2)

R2 ≤ h(p2) + p2 logQ(Q− 1)(1− p1).
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for 0 ≤ p1, p2 ≤ 1.

A plot for Q = 3, 4, 5, 10, 100, 100000 is shown in Figure 1.

[Figure 1 about here.]

For increasing alphabet size, the capacity region converges to that of the original collision chan-

nel since there are more and more input combinations that produce a collision, diminishing the

amount of information yielded by silences (i.e. timing of the packets). Formally asQ → ∞,

h(p1) → 0 andlogQ(Q− 1) → 1, leading toR1 ≤ p1(1− p2) andR2 ≤ p2(1− p1).

IV. T HE RECOVERY CHANNEL

In the collision channel discussed so far, information transmission succeeds only if a collision

does not occur. Suppose however that the receiver employs multiuser detection such that packets

could sometimes be successfully decoded even if several users collide on the channel. We shall

refer to this as therecovery channel. We shall henceforth assume that each packet involved in a

collision has the same probabilityq ∈ [0, 1] of being recovered. The channel output is now either

∅, (if there are no transmissions) or a member of theM -fold cartesian productX ′×X ′×· · ·×X ′,

whereX ′ = X ∪ {∆}. This simple collision recovery model is intended as a macro model of a

random-access system employing multiuser detection followed by single-user decoding of each

packet. We shall first establish the capacity of this channel model. We then investigate the

per-user capacity in the symmetric case and finally, we explore the effect of a simple model of

fading.

Theorem 3 (Recovery Channel Capacity).The capacity of theM -user recovery channel with

recovery probabilityq is the closure of all rate points(R1, R2, . . . , RM) satisfying

Ri ≤ pi

M∏
j=1,j 6=i

(1− pj) + qpi

(
1−

M∏
j=1,j 6=i

(1− pj)

)
, for all i = 1, 2, . . . ,M

where0 ≤ pi ≤ 1.

Proof. We shall use the same ideas as for the proof of the collision channel capacity, where we

conditioned on the help eventE, in order to exclude the information of collisions and empty

slots. The new decoder model can however, decode several packets in the same slot. In order

to adapt to this new situation, we expand the help event to a binary numberE = E1E2 . . . EM
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of M positions where, for each time slot, the bit at positionm indicates if a packet from userm

has been received or not,

Em =

1 iff a packet from userm is received

0 otherwise.

This expanded help event explicitly indicates the source of each decoded packet. This new

feature does however not reduce the mutual information since it is always possible to identify

the sender of the packets with arbitrary small rate loss, and it does not reveal any information

about the packet contents. Hence

R(S) ≤I(XS ; Y |XSc , E)

=p(XSc = ∅) · I(XS ; Y |XSc = ∅, E)

+ p(XSc 6= ∅) · I(XS ; Y |XSc 6= ∅, E). (2)

To evaluate these mutual informations, we shall denote specific values ofE andEi by e andei re-

spectively. We begin with the case where all users inSc are silent. In this caseH(Y |XS , XSc =

∅, E) = 0 and

I(XS ; Y |XSc = ∅, E) = H(Y |XSc = ∅, E)

=
2M−1∑
e=0

p(E = e|XSc = ∅) ·H(Y |XSc = ∅, E = e).

The information inY , givenXSc andE depends on the number of decoded packets and can be

expressed in terms ofe. We haveH(Y |XSc = ∅, E = e) = logQ

(∏
i∈S Qei

)
which can be

simplified to
∑

i∈S ei. We therefore have

I(XS ; Y |XSc = ∅, E)

=
∑
i∈S

2M−1∑
e=0

p(E = e|XSc = ∅) · ei

=
∑
i∈S

p(ei = 1|XSc = ∅)

=
∑
i∈S

[
pi

∏
j∈S,j 6=i

(1− pj) + q · pi

(
1−

∏
j∈S,j 6=i

(1− pj)

)]
(3)
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If some users inSc transmitted at the current slot, we obtain similar derivations. We shall

consider all possible cases jointly, which we denote byXSc 6= ∅. SinceXSc 6= ∅ does not reveal

any information about any packet contents, the termH(Y |XS , XSc 6= ∅, E = e) is strictly

positive and can be specified by
∏

j∈Sc Qej . Thus

I(XS ; Y |XSc 6= ∅, E)

=
2M−1∑
e=0

p(E = e|XSc 6= ∅)·

[H(Y |XSc 6= ∅, E = e)−H(Y |XS , XSc 6= ∅, E = e)]

=
2M−1∑
e=0

p(E = e|XSc 6= ∅)·[
logQ

(
M∏
i=1

Qei

)
− logQ

(∏
j∈Sc

Qej

)]

=
2M−1∑
e=0

p(E = e|XSc 6= ∅) · logQ

(∏
i∈S

Qej

)

=
∑
i∈S

2M−1∑
e=0

p(E = e|XSc 6= ∅) · ei

=
∑
i∈S

p(ei = 1|XSc 6= ∅)

=
∑
i∈S

pi · q. (4)

Substituting (3) and (4) in the respective mutual informations in (2) and writing out the proba-

bility termsp(XSc = ∅) andp(XSc 6= ∅) yields after some re-arrangement

R(S) ≤
∑
i∈S

pi

∏
j 6=i

(1− pj) +
∑
i∈S

q · pi

(
1−

∏
j 6=i

(1− pj)

)

and these conditions for the achievable rates can be reduced to theM inequalities for the single

user rates given in the statement of the theorem.

In this result we recognize the probabilitypi

∏
j 6=i(1− pj) that useri was the only one trans-

mitting a packet and the probabilitypi

(
1−

∏
j 6=i(1− pj)

)
that useri transmitted a packet that

collided, in which case recovery happens with probabilityq.
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Two-dimensional cross sections of the capacity region for the three user case and where user

1 and user2 have the same duty factorsp1 = p2, and henceR1 = R2, is shown in Figure 2

for q = 0, 0.2, 0.21, 0.3, 0.4, 0.5, 0.75, 1 (left-right on the graph). For each case,p1 = p2 andp3

have been numerically optimized in order to maximizeR1 = R2 for each value ofR3.

[Figure 2 about here.]

Basically we can identify two different transmission strategies. Either the senders try to maxi-

mize the rates by avoiding an excessive number of collisions, or they transmit continuously and

fully rely on the power of the recovery mechanism. This second strategy achieves the rate point

(R1, R2, . . . , RM) = (q, q, . . . , q) which starts puncturing the convex capacity region forq > 0.2

as can be seen in Figure 2. This suggests that with a sufficiently powerful recovery mechanism,

the best performance is achieved without sophisticated transmission protocols. We shall explore

this conjecture for the generalM -user symmetric case in the following section.

Since a complete analysis of the capacity region in theM -user case seems difficult, we restrict

our investigations to the symmetric casepm = p for all m ∈ {1, 2, . . . ,M}. With zero recovery

probabilityq = 0, the maximizing duty factor is1/M , and the total maximal rate
∑

Rm → 1/e

asM →∞ and a per-user capacity that converges to zero, as in the ALOHA case [15].

For positive recovery probabilities, we maximize the rate by setting the partial derivative of

Ri = p(1− p)M−1 + q(1− (1− p)M−1) with respect top to zero to obtain the relation

(pM − 1)(1− p)M−2 =
q

1− q
.

It is difficult to derive a closed form expression for the duty factorp, but we can solve for the

recovery probabilityq,

q =
(pM − 1)(1− p)M−2

1 + (pM − 1)(1− p)M−2
. (5)

To identify the minimal value ofq for which continuous transmissionp = 1, achievingRi = q,

becomes most efficient, we setRi = q to find p(1 − p)M−2(1 − q) = q, and substitute (5) to

obtainp = 1/(M − 1).

The minimum recovery probability for which a duty factor of1 maximizes the per user rate,

can now be expressed as a function ofM only,

q =
(M − 2)M−2

(M − 1)M−1 + (M − 2)M−2
. (6)
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The value of this recovery probabilityq is listed in Table I for severalM ’s.

[Table 1 about here.]

For largeM , we can approximate this term by usinglimM→∞(1 + 1/M)M → 1/e

q =
1

1 + (M−1)M−1

(M−2)M−2

≈ 1

1 + eM
≈ 1

eM
for largeM.

In independent work [5], a different concept of MAC capacity region is defined, which for

clarity we will refer to as thescheduling capacity, in which a set of rates is achievable if there

exists a scheduling policy which supports packet delivery at those rates. It is interesting to note

that the Shannon capacity region of Theorem 3 (where achievability requires the existence of

coding strategies) coincides with the independently obtained scheduling capacity region given

in [5, Theorem 1] (where achievability requires the existence of scheduling policies). In [5] it

is also shown that in many cases of interest, the scheduling capacity region coincides with the

slotted ALOHA stability region (the set of rates for which the arrival queues are stable). The

conclusion of [5], that no centralized transmission control is required is further supported by

the identity between the Shannon capacity region and the scheduling capacity region. Rather

than elaborate transmission control strategies, it is sufficient for each user to independently code

their transmissions at the required rate. This involves independent forward error correction,

rather than backward error correction implied by re-transmission strategies such as [7].

V. ON-OFF FADING

Finally let us additionally consider a very simple fading model [16] which either leaves

a packet unaffected or totally erases it (replaces it with∅). Accordingly, a symbol-rate iid

Bernoulli fading processhm[i] ∈ {0, 1} is introduced into the transmission link of each user

m = 1, 2, . . . ,M . The fading values, which are unknown to the transmitters or receiver are zero

with probabilityfi ∈ [0, 1] and one with probability1− fi. The received signal is now written

y[i] =
M∧

m=1

xm[i− δm] · hm[i].

where in the above expression,

x · h =

x, h = 1

∅ otherwise.
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In order to derive the capacity region of this new model, it suffices to note that the duty factors

and the fading probability can be considered jointly. Rather than having a probabilitypi of

receiving a packet from useri, the probability is nowzi = pi(1 − fi), 0 ≤ zi ≤ (1 − fi) for

i = 1, 2, . . . ,M . We can then rely on the calculation for the recovery channel and the capacity

region becomes the closure of all rate vectorsR = (R1, R2, . . . , RM) such that

Ri ≤ zi

∏
j 6=i

(1− zj) + q · zi

[
1−

∏
j 6=i

(1− zj)

]

For the remaining discussion, we assume that the fading probabilitiesfi (but not the fading

realizations) are known to the receiver. We also restrict our investigations to the symmetric case

with pi = p andfi = f for i = 1, 2, . . . ,M andp(1 − f) = z with 0 ≤ z ≤ 1 − f . As we

have seen for the case without fading, the maximization ofRi as a function ofp (or z), becomes

difficult asM exceeds3, except if the recovery probability is zero. Since forq = 0 we know that

the maximizing duty factor is1/M , the effect of the fading can be compensated by increased

duty factors of1/(M(1 − f)), as long asf ≤ 1 − 1/M . If f > 1 − 1/M , the senders achieve

the largest rates with duty factors of1 and the per user capacity is(1− f)fM−1.

In order to illustrate the effect of the fading as the recovery probability becomes larger than

zero, we consider the ratio of the faded and unfaded capacities of the recovery channel, denoted

by Crf andCr respectively. We have

Crf

Cr

=
z′(1− z′)M−1 + z′ · q(1− (1− z′)M−1)

z(1− z)M−1 + z · q(1− (1− z)M−1)
,

wherez andz′ are the maximizing values, subject to the constraints0 ≤ z ≤ 1 and0 ≤ z′ ≤

1− f . The case forq = 0 is shown in the upper left graph of Figure 3 forM = 2, 3, 4, 5 and10.

The corresponding maximizing duty factors are shown in the upper left graph of Figure 4.

[Figure 3 about here.]

[Figure 4 about here.]

For q > 0, the channel capacities can evolve according to two distinct patterns, depending on

whether for the given recovery probabilityq and the number of sendersM , the maximizing duty

factor is one or not, asf = 0 (see (6)). If the maximizing duty factorp′ equals one, then, with

probability
(

M
k

)
(1− f)M−k · fk, there arek packets erased by the fading, which will reduce the
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throughput by the amountk · q, 1 ≤ k ≤ M , k 6= M − 1. This loss can be subtracted from

the probabilityM · fM−1(1 − f) that the fading erasesM − 1 packets and thereby ensures the

successful reception of the remaining unfaded packet. The resulting difference is almost zero

for q = 0.2, M = 4 and0.4 ≤ f ≤ 0.6, as can be observed in Figure 3. In the case where the

maximizing duty factorp′ is less than one, forf = 0, the fading can be compensated as long as

f ≤ 1 − p′, which corresponds to the similar behavior as for the collision channel, i.e.q = 0.

Finally, note the jump of the maximizing duty factor forM = 5 andM = 10 asq = 0.1, causing

a plateau in the capacity.

Our comparisons so far have concealed the effect of the recovery mechanism. In order to get

an idea how the gain due to the recovery mechanism depends on the fading, we will compare

the capacity of the faded recovery channel with the faded collision channelCcf .

Crf

Ccf

=
z′(1− z′)M−1 + z′ · q

(
1− (1− z′)M−1

)
z(1− z)M−1

with 0 ≤ z ≤ 1− f and0 ≤ z′ ≤ 1− f .

If q is sufficiently large such that for a givenM , the maximizing duty factorp′ = 1 and

simultaneouslyf < 1− 1/M , the ratio becomes

Crf

Ccf

= M
(1− f)fM−1 + q(1− f)(1− fM−1)

(1− 1/M)M−1
.

The denominator is constant and in the numerator, the term(1 − f)fM−1 becomes quite small

compared toq(1 − f)(1 − fM−1). This second term is the product of the recovery probability

and the collision probability, which is directly proportional to the effectiveness of the recovery

mechanism, and can be approximated byq(1− f)3. For the casef > 1− 1/M , we have

Crf

Ccf

= 1 + q
(1− fM−1)

fM−1
.

VI. CONCLUSION

We have extended the collision channel model of Massey and Mathys to include both a simple

(hypothetical) collision recovery mechanism and a form of fading. Using standard information-

theoretic arguments we have given capacity regions for the slot-synchronized case and investi-

gated the effect of the recovery mechanism as well as the trade-off between recovery and the

effect of fading on the sum rate.
3For the special caseq = 1, the decrease is exactly linear, since the successful decoding of an unfaded packet is certain.
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The ability to recover from collisions increases the capacity and as this ability increases, the

optimum strategy is continuous packet transmission, which decreases the need for coordination

of channel access via the protocol sequences of Massey and Mathys.

In certain circumstances, the effect of fading may be mitigated through the increase of the

duty cycle of each transmitter. Fading does not have a deleterious effect until further increases

are no longer possible.
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M q M q M q
2 0.5000 7 0.0628 20 0.0195
3 0.2000 8 0.0536 25 0.0155
4 0.1291 9 0.0467 30 0.0127
5 0.0955 10 0.0415 40 0.0095
6 0.0758 15 0.0266 50 0.0075

TABLE I

M INIMAL RECOVERY PROBABILITY FOR WHICH CONTINUOUS TRANSMISSION ACHIEVES THE MAXIMAL RATES.


