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Abstract—We establish the Ahlswede Dichotomy for arbitrar-
ily varying classical-quantum wiretap channels, i.e., either the
deterministic secrecy capacity of an arbitrarily varying classical-
quantum wiretap channel is zero, or it equals its randomness
assisted secrecy capacity. We analyze the secrecy capacity of
arbitrarily varying classical-quantum wiretap channels when the
sender and the receiver use various resources. It turns out that
having randomness, common randomness, and correlation as
resources are very helpful for achieving a positive deterministic
secrecy capacity of arbitrarily varying classical-quantum wiretap
channels. We prove the phenomenon “super-activation” for
arbitrarily varying classical-quantum wiretap channels, i.e., two
arbitrarily varying classical-quantum wiretap channels, both with
zero deterministic secrecy capacity, if used together allow perfect
secure transmission.

I. INTRODUCTION

The development in modern communication systems are
rapid, especially quantum communication systems which set
new kinds of limitations and offer new possibilities. We
consider classical-quantum channels, i.e., the sender’s inputs
are classical data and the receiver’s outputs are quantum
systems. The capacity of classical-quantum channels has been
determined in [15] and [18].

Channel robustness and security are two of the basic fea-
tures of many information processing systems, since many
modern communication systems are often not perfect, but
vulnerable to jamming and eavesdropping.

In the model of an classical arbitrarily varying channel
we consider channel uncertainty, i.e., transmission over a
channel which is not stationary, but can change with every
use of the channel. We interpret it as a channel with an evil
jammer. The arbitrarily varying channel was first introduced
[7]. Ahlswede showed in [1] the surprising result that either
the deterministic capacity of an arbitrarily varying channel is
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zero, or it equals its randomness assisted capacity (Ahlswede
Dichotomy). A classical-quantum channel with a jammer is
called an arbitrarily varying classical-quantum channel. In [3],
the capacity of arbitrarily varying classical-quantum channels
is analyzed. A lower bound of the capacity has been given.
An alternative proof of [3]’s result and a proof of the strong
converse is given in [5]. In [2], The Ahlswede Dichotomy
for the arbitrarily varying classical-quantum channels is es-
tablished, and a sufficient and necessary condition for the
zero deterministic capacity is given. In [11], a simplification
of this condition for the arbitrarily varying classical-quantum
channels is given.

In the model of a classical wiretap channel we consider
communication with security. This was first introduced in [22]
(in this paper we will use a stronger security criterion than
[22]). We interpret the wiretap channel as a channel with
an evil eavesdropper. A classical-quantum channel with an
eavesdropper is called a classical-quantum wiretap channel,
its secrecy capacity has been determined in [14] and [13].

In the model of an classical arbitrarily varying wiretap
channel, we consider transmission with both a jammer and an
eavesdropper. Its secrecy capacity has been analyzed in [6].
A lower bound of the randomness assisted secrecy capacity
has been given. A classical-quantum channel with both a
jammer and an eavesdropper is called an arbitrarily varying
classical-quantum wiretap channel. it is defined as a family
of pairs of indexed channels {(Wt, Vt) : t = 1, · · · , T}
with a common input alphabet and possibly different output
alphabets, connecting a sender with two receivers, a legal
one and a wiretapper, where t is called a channel state of
the channel pair. The legitimate receiver accesses the output
of the first part of the pair and the wiretapper observes the
output of the second part, respectively. A channel state t, which
varies from symbol to symbol in an arbitrary manner, governs
both the legal receiver’s channel and the wiretap channel. A
code for the channel conveys information to the legal receiver
such that the wiretapper knows nothing about the transmitted
information in the sense of the stronger security criterion. This
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is a generalization of compound classical-quantum wiretap
channels in [9] to the case when the channel states are not
stationary, but can change over the time. The secrecy capacity
of the arbitrarily varying classical-quantum wiretap channels
has been analyzed in [8]. A lower bound of the randomness
assisted capacity has been given, and it has been shown that
this is either a lower bound for the deterministic capacity, or
the deterministic capacity is equal to zero.

Assume that a bipartite source, modeled by an i.i.d. random
variable (X,Y ) with values in some finite set X × Y, is
observed by the sender and (legal) receiver. The sender has
access to the random variable X , and the receiver to Y . We call
(X,Y ) a correlation. The capacity of an classical arbitrarily
varying channel assisted by the correlation as resource has
been discussed in [4]. The capacity of an arbitrarily varying
quantum channel assisted by the correlation as resource has
been discussed in [11].

In Section III we will generalize the result of [8] by es-
tablishing the Ahlswede Dichotomy for the arbitrarily varying
classical-quantum wiretap channels, i.e., either the determinis-
tic secrecy capacity of an arbitrarily varying classical-quantum
wiretap channel is zero, or it equals its randomness assisted
secrecy capacity.

In Section IV we will analyze the secrecy capacity of
an arbitrarily varying classical-quantum wiretap channel as-
sisted by the correlation as resource. We will show that the
correlation is a helpful resource for the secure information
transmission through an arbitrarily varying classical-quantum
wiretap channel. We will give an example in which both
cases of the Ahlswede Dichotomy for the arbitrarily varying
classical-quantum wiretap channels actually occur.

In Section V we will present a new discovery for the ar-
bitrarily varying classical-quantum wiretap channels which is
followed by the Ahlswede Dichotomy for the arbitrarily vary-
ing classical-quantum wiretap channels. This phenomenon is
called “super-activation”, i.e., two arbitrarily varying classical-
quantum wiretap channels, both with zero deterministic se-
crecy capacity, if used together allow perfect secure transmis-
sion.

II. COMMUNICATION SCENARIOS AND RESOURCES

Let A be a finite set. Let H be a finite-dimensional complex
Hilbert space. We denote the sets of probability distributions
on A by P (A). We denote the space of density operators on
H by S(H).

For a discrete random variable X on a finite set A, and a
discrete random variable Y on a finite set B, we denote the
mutual information between X and Y by I(X;Y ) ([21]).

For a quantum state ρ ∈ S(H), we denote the von Neumann
entropy of ρ by S(ρ) = −tr(ρ log ρ). Let Φ := {ρx : x ∈ A}
be a set of quantum states on S(H) labeled by elements of A.
For a probability distribution P on A, we denote the Holevo
χ quantity by

χ(P ; Φ) := S

(∑
x∈A

P (x)ρx

)
−
∑
x∈A

P (x)S (ρx) .

A classical-quantum channel is a map W : A → S(H),
A 3 a→W (a) ∈ S(H).

Definition 2.1: Let θ := {1, · · · , T} be a finite set. For
every t ∈ θ let Wt be a quantum channel A → S(H). We
call the set of the quantum channels (Wt)t∈θ an arbitrarily
varying classical-quantum channel when the state t varies
from symbol to symbol in an arbitrary manner.

We say that (Wt)t∈θ is symmetrizable if there exists a
parametrized set of distributions {τ(· | a) : a ∈ A} on θ such
that for all a, a′ ∈ A,∑

t∈θ

τ(t | a)Wt(a
′) =

∑
t∈θ

τ(t | a′)Wt(a) .

Definition 2.2: Let A be a finite set. Let H and H ′ be finite-
dimensional complex Hilbert spaces. Let θ := {1, · · · , T} be
a finite set. For every t ∈ θ let Wt be a quantum channel A→
S(H) and Vt be a quantum channel A→ S(H ′). We call the
set of the quantum channel pairs (Wt, Vt)t∈θ an arbitrarily
varying classical-quantum wiretap channel. The legitimate
receiver accesses the output of Wt and the wiretapper observes
the output Vt, respectively, when the state t varies from symbol
to symbol in an arbitrary manner.

Definition 2.3: An (n, Jn) (deterministic) code C
for (Wt, Vt)t∈θ consists of a stochastic encoder E :
{1, · · · , Jn} → P (An), specified by a matrix of condi-
tional probabilities E(·|·), and a collection of positive semi-
definite operators {Dj : j ∈ {1, · · · , Jn}} on H⊗n such that∑Jn
j=1Dj = idH⊗n .
R is an achievable (deterministic) secrecy rate for the arbi-

trarily varying classical-quantum wiretap channel (Wt, Vt)t∈θ
if for every positive ε, δ, ζ, and sufficiently large n there exist
an (n, Jn) code C =

{
(En, Dn

j ) : j = 1, · · · Jn
}

such that
log Jn
n > R− δ, and

max
tn∈θn

Pe(C, t
n) < ε , (1)

max
tn∈θn

χ (Runi;Ztn) < ζ , (2)

where Runi is the uniform distribution on {1, · · · Jn}. Here
Pe(C, t

n) := 1− 1
Jn

∑Jn
j=1

∑
an∈An E(an|j)tr(Wtn(an)Dj),

and Ztn is the resulting quantum state at the output of
the wiretap channel. The largest achievable (deterministic)
secrecy rate of (Wt, Vt)t∈θ is called the (deterministic) secrecy
capacity of (Wt, Vt)t∈θ, denoted by Cs((Wt, Vt)t∈θ).

Definition 2.4: Let X and Y be finite sets. We de-
note the sets of joint probability distributions on X
and Y by P (X,Y). Let (X,Y ) be a random vari-
able distributed to a joint probability distribution p ∈
P (X,Y). An (X,Y )-correlation assisted (n, Jn) code
C(X,Y ) for the arbitrarily varying classical-quantum wire-
tap channel (Wt, Vt)t∈θ consists of a set of stochas-
tic encoders {Exn : {1, · · · , Jn} → P (An) : xn ∈ Xn}, and
a set of collections of positive semi-definite operators{
{D(yn)

j : j = 1, · · · , Jn} : yn ∈ Yn
}

on S(H⊗n) which

fulfills
∑Jn
j=1D

(yn)
j = idH⊗n for every yn ∈ Yn.
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R is an achievable (X,Y ) secrecy rate for (Wt, Vt)t∈θ
if for every positive ε, δ, ζ and sufficiently large n there
exist an (X,Y )-correlation assisted (n, Jn) code C(X,Y ) ={(

Exn , D
(yn)
j

)
: j ∈ {1, · · · , Jn}, xn ∈ Xn, yn ∈ Yn

}
such that log Jn

n > R− δ, and

max
tn∈θn

∑
xn∈Xn

∑
yn∈Yn

p(xn,yn)Pe(C(xn,yn), tn) < ε ,

max
tn∈θn

∑
yn∈Yn

p(xn,yn)χ (Runi;Ztn,xn) < ζ ,

where Pe(C(xn,yn), tn) := 1− 1
Jn

∑Jn
j=1

∑
an∈An

Exn(an|j)tr(Wtn(an)D
(yn)
j ). The largest achievable (X,Y )

secrecy rate of is called the (X,Y ) secrecy capacity.
Definition 2.5: Let Λ :=

{
(Pnj , ρ

⊗n
j )j=1,··· ,Jn ∈

(P (An)× S(H⊗n))
Jn :

∑Jn

j=1 ρ
⊗n
j = idH⊗n

}
. Every ele-

ment γ = (Pnj , ρ
⊗n
j )j=1,··· ,Jn ∈ Λ canonically defines an

(n, Jn) deterministic code Cγ = {(Eγ , Dγ
j ) : j = 1, · · · , Jn}

by setting Eγ(· | j) = Pnj and Dγ
j = ρ⊗nj . An (n, Jn) ran-

domness assisted quantum code for the arbitrarily varying
classical-quantum wiretap channel (Wt, Vt)t∈θ is a distribution
G on (Λ, σ), where σ is a sigma-algebra such that the functions
γ → Pe(C

γ , tn) and γ → χ (Runi;ZCγ ,tn) are both G-
measurable with respect to σ for every tn ∈ θn. Here ZCγ ,tn
is the wiretapper’s resulting quantum state.
R is an achievable secrecy rate for (Wt, Vt)t∈θ under

randomness assisted quantum coding if for every positive
δ, ζ, ε, and sufficiently large n, there is an (n, Jn) random-
ness assisted quantum code ({Cγ : γ ∈ Λ}, G) such that
log Jn
n > R− δ, and

max
tn∈θn

∫
Λ

Pe(C
γ , tn)dG(γ) < ε ,

max
tn∈θn

∫
Λ

χ (Runi, ZCγ ,tn) dG(γ) < ζ .

The largest achievable secrecy rate under random assisted
quantum coding is called the random assisted secrecy capacity.

Definition 2.6: Let Λ and Cγ for γ ∈ Λ be defined as
in Definition 2.5. An (n, Jn) common randomness assisted
quantum code for the arbitrarily varying classical-quantum
wiretap channel (Wt, Vt)t∈θ is a set Γ = {γ1, · · · , γ|Γ|} ⊂ Λ
such that |Γ| is in polynomial order of n. As in Definition
2.5, every element γi = (Pnj , ρ

⊗n
j )j=1,··· ,Jn ∈ Γ canonically

defines an (n, Jn) deterministic code Cγ
i

= {(Eγi , Dγi

j ) :

j = 1, · · · , Jn} by setting Eγ
i

(· | j) = Pnj and Dγi

j = ρ⊗nj .
R is an achievable secrecy rate for the (Wt, Vt)t∈θ under

common randomness assisted quantum coding if for every
positive δ, ζ, ε, and sufficiently large n, there is an (n, Jn)
common randomness assisted quantum code ({Cγ : γ ∈ Γ})
such that log Jn

n > R− δ, and

max
tn∈θn

1

|Γ|

|Γ|∑
γ=1

Pe(C
γ , tn) < ε ,

max
tn∈θn

1

|Γ|

|Γ|∑
γ=1

χ (Runi, ZCγ ,tn) < ζ .

The largest achievable secrecy rate under common randomness
assisted quantum coding is called the common randomness
assisted secrecy capacity.
The entanglement generating capacity of an arbitrarily varying
quantum channel describes the maximal amount of entangle-
ment that we can generate or transmit over the channel. For
the sender and the receiver, the objective is to share a nearly
maximally entangled state on a Hilbert space by using a large
number instances of the quantum channel. This state is needed
as an important resource in the quantum information theory.
The entanglement generating capacity of the arbitrarily varying
quantum channels has been analyzed in [2]. The authors of [2]
made the following Conjecture 2.7, which is still unsolved.

Conjecture 2.7: The entanglement generating capacity of
an arbitrarily varying quantum channel is equal to the entan-
glement generating capacity of an arbitrarily varying quantum
channel under randomness assisted quantum coding.

A code for the secure message transmission over a classical-
quantum wiretap channel can be used to build a code for the
entanglement transmission over a quantum channel ([14]). But
it seems that the technique of [14] does not work if we consider
channel uncertainty (Remark 1).

III. AHLSWEDE DICHOTOMY

First we analyze the secrecy capacities of various coding
schemes with resource assistance. Our goal is to see what
the effects on the secrecy capacities of an arbitrarily varying
classical-quantum wiretap channel are if we use determinis-
tic code, randomness assisted code, or common randomness
assisted code.

Theorem 3.1 (Ahlswede Dichotomy): Let (Wt, Vt)t∈θ be an
arbitrarily varying classical-quantum wiretap channel.

3.1.1: 1) If the arbitrarily varying classical-quantum chan-
nel (Wt)t∈θ is not symmetrizable, then Cs((Wt, Vt)t∈θ) is
equal to the random assisted secrecy capacity of (Wt, Vt)t∈θ.

2) If (Wt)t∈θ is symmetrizable,

Cs((Wt, Vt)t∈θ) = 0 . (3)

3.1.2: The common randomness assisted secrecy capacity
of (Wt, Vt)t∈θ is equal to the random assisted secrecy capacity
of (Wt, Vt)t∈θ.
Sketch of Proof: Our proof is similar to the proof of the
Ahlswede Dichotomy for arbitrarily varying classical-quantum
channels in [3]. The difference between our proof and the
proofs in [3] is that we have to include security. We use
random encoding technique to show that for any (n, Jn)
randomness assisted quantum code there exists an (n, Jn)
common randomness assisted code ({Cγ : γ ∈ Γ}) with the
same secrecy rate, where |Γ| is in polynomial order of n. This
proves 3.1.2. Assuming that (Wt)t∈θ is not symmetrizable
we show the lower bound in 3.1.1 1) by building two-
part deterministic code words. By 3.1.2 there is a common
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randomness assisted code ({Cγ : γ ∈ Γ}) with the same
secrecy rate as the (n, Jn) randomness assisted quantum code.
Using the result of [3] we can build an insecure deterministic
code to create the common randomness for the sender and
the legal receiver. Since |Γ| is in polynomial order of n, the
length of the insecure code words can be ignored. The two-
part deterministic code word is a composition of the insecure
code word and the common randomness assisted code word.
Even when the first part is not secure against wiretapping, the
two-part code word itself is secure against wiretapping. The
proof for the upper bound in 3.1.1 1) and the proof for 3.1.1
2) are similar to the methods in [3].

There are indeed arbitrarily varying classical-quantum wire-
tap channels which have zero deterministic secrecy capacity
and positive random secrecy capacity (the example in Section
IV). Therefore, as Theorem 3.1.1 shows, randomness is indeed
a very helpful resource for the secure message transmission
through an arbitrarily varying classical-quantum wiretap chan-
nel.

Common randomness is a less “strong” resource than ran-
domness. Here we say “strong” in the sense of [11]. Theorem
3.1.2 shows that the common randomness capacity is always
equal to the random secrecy capacity. Therefore, common
randomness is an equally helpful resource for the secure
message transmission through an arbitrarily varying classical-
quantum wiretap channel. However, as [11] showed, common
randomness is still a very “strong” resource. As Theorem
3.1 shows, for the transmission of common randomness we
have to require that the deterministic capacity for message
transmission of the sender’s and legal receiver’s channel be
positive. In the following, we will see that the much “weaker”
resource, the (X,Y ) correlation, is also an equally helpful
resource for the message transmission through an arbitrarily
varying classical-quantum channel. The advantage here is that
we do not have to require that the deterministic capacity
for message transmission of the sender’s and legal receiver’s
channel be positive.

IV. ARBITRARILY VARYING CLASSICAL-QUANTUM
WIRETAP CHANNEL WITH CORRELATION ASSISTANCE

The (X,Y ) correlation is a weaker resource than common
randomness. We can simulate any (X,Y ) correlation by
common randomness asymptotically, but there exists a class
of sequences of bipartite distributions which cannot model
common randomness (cf. Lemma 1 of [11]). Our following
Theorem 4.1 shows that also in the case of secure message
transmission through an arbitrarily varying classical-quantum
wiretap channel, the (X,Y ) correlation assistance is an equally
helpful resource as common randomness.

Theorem 4.1: Let (Wt, Vt)t∈θ be an arbitrarily varying
classical-quantum wiretap channel. Let X and Y be finite sets.
If I(X,Y ) > 0 holds for a random variable (X,Y ) which is
distributed to a joint probability distribution p ∈ P (X,Y),
then the randomness assisted secrecy capacity of (Wt, Vt)t∈θ
is equal to the (X,Y ) correlation assisted secrecy capacity of
(Wt, Vt)t∈θ.

Sketch of Proof: By 3.1.2 there is a common randomness
assisted code ({Cγ : γ ∈ Γ}) with the same secrecy
rate as the (n, Jn) randomness assisted quantum code. If
the randomness assisted secrecy capacity of (Wt, Vt)t∈θ is
positive, we build a new arbitrarily varying classical-quantum
channel {f : f is a function X → A} → S(H) ⊗ HY with
positive deterministic insecure capacity. Similar to proof of
3.1.1 we build a two-part deterministic code word which
consists of a common randomness assisted code word and a
code word for the new arbitrarily varying classical-quantum
channel. We use th latter one to create common randomness
for the sender and the legal receiver. We show that a code
for the new arbitrarily varying classical-quantum channel does
not have to be secure to be useful for a secure code for the
original arbitrarily varying classical-quantum wiretap channel.
If the randomness assisted secrecy capacity of (Wt, Vt)t∈θ is
equal to zero, with a technique similar to the techniques in [4]
and [11] we show that the (X,Y ) correlation assisted secrecy
capacity of (Wt, Vt)t∈θ is also equal to zero.

The following example shows an arbitrarily varying
classical-quantum wiretap channel which has zero determinis-
tic secrecy capacity, but positive random secrecy capacity.

Let θ = {1, 2} and A = {0, 1}. Let H = H ′ be spanned
by the orthonormal vectors |0〉 and |1〉. We define (Wt, Vt)t∈θ
by W1(0) = |0〉〈0|, W1(1) = 1

2 |0〉〈0| +
1
2 |1〉〈1|, W2(0) =

1
2 |0〉〈0| +

1
2 |1〉〈1|, W2(1) = |1〉〈1|, V1(0) = |0〉〈0|, V1(1) =

|0〉〈0|, V2(0) = |0〉〈0|, V2(1) = |0〉〈0|.
(Wt, Vt)t∈θ is an example that a “useless” arbitrarily vary-

ing classical-quantum channel, i.e., with zero deterministic
secrecy capacity, allows secure transmission if the sender and
the legal receiver have the possibility to use a resource —
either randomness, common randomness, or even an insecure
and weak correlation (i.e. I(X,Y ) needs only to be slightly
larger than zero). Thus the “weak” correlation is a very helpful
resource for the secure message transmission through an
arbitrarily varying classical-quantum wiretap channel. Having
weak public signals can be very useful for secure communi-
cation in practice.

While in classical information theory single-letter formulas
are available for most capacities results, one of the main
features in quantum information theory is that for the quantum
channels, most of the capacities results can only be expressed
in multi-letter formulas. Unlike most capacities results for
quantum channels, however, we have the surprising fact that
the condition for the zero deterministic security capacity
of an arbitrarily varying classical-quantum wiretap channel
can be expressed in a single-letter formula (cf. Definition
2.1). Furthermore, the Ahlswede Dichotomy shows that the
deterministic capacity for secure message transmission is, in
general, not specified by entropy quantities. This is a new
behavior in communication due to active wiretap attacks.

V. SUPER-ACTIVATION

One of the properties of classical channels is that in the
majority of cases if we have a channel system where two sub-
channels are used together, the capacity of this channel system
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is the sum of the two sub-channels’ capacities. Particularly, a
system consisting of two orthogonal classical channels, where
both are “useless” in the sense that they both have zero
capacity for message transmission, the capacity for message
transmission of the whole system is zero as well (“0+0 = 0”).

In contrast to the classical information theory, it is known
that the capacities of quantum channels can be super-additive,
i.e., there are cases where the capacity of the product W1⊗W2

of two quantum channels W1 and W2 are larger than the sum
of the capacity of W1 and the capacity of W2.

Particularly, in the quantum information theory there are
examples of two quantum channels W1 and W2 with zero
capacity that allow perfect transmission if they are used
together, i.e., the capacity of their product W1 ⊗ W2 is
positive (“0 + 0 > 0”). This is due to the fact that there
are different reasons why a quantum channel can have zero
capacity. If we have two channels which have zero capacity
for different reasons, they can “remove” their weaknesses from
each other, or, in other words, “activate” each other. We call
this phenomenon “super-activation” (cf. [20], [19], [17] and
also [12] for a rare case result when this phenomenon occurs
using two classical arbitrarily varying wiretap channels).

It is known that arbitrarily varying classical-quantum wire-
tap channels with positive secrecy capacities are super-
additive, in sense of the product W1 ⊗W2 of two arbitrarily
varying classical-quantum wiretap channels W1 and W2, both
with positive secrecy capacities are larger than the sum of the
capacity of W1 and the capacity of W2 ([16]).

Using Theorem 3.1, we demonstrate the following Theorem:
Theorem 5.1: The super-activation occurs for arbitrarily

varying classical-quantum wiretap channels.
Note that super-additivity does not imply super-activation,

since here we consider channels with zero secrecy capacity.
We prove Theorem 5.1 by giving an example. Let θ =

{1, 2} and A = {0, 1}. Let H = H ′ be spanned by the
orthonormal vectors |0〉 and |1〉. We define (Wt, Vt)t∈θ as
in the example in Section IV. We define (W ′t, V

′
t)t∈θ by

W ′1(0) = 3
4 |0〉〈0| +

1
4 |1〉〈1|, W

′
1(1) = 1

4 |0〉〈0| +
3
4 |1〉〈1|,

W ′2(0) = 3
4 |0〉〈0| +

1
4 |1〉〈1|, W

′
2(1) = 1

4 |0〉〈0| +
3
4 |1〉〈1|,

V ′1(0) = |0〉〈0|, V ′1(1) = |1〉〈1|, V ′2(0) = |0〉〈0|, V ′2(1) =
|1〉〈1|.

Applying the Ahlswede Dichotomy we can obtain the
following result. Although both (Wt, Vt)t∈θ and (W ′t, V

′
t)t∈θ

have zero deterministic secrecy capacity, (Wt1 ⊗W ′t2 , Vt1 ⊗
V ′t2)(t1,t2)∈θ2 has a positive deterministic secrecy capacity.
This shows that the research in quantum channels with channel
uncertainty and eavesdropping can lead to some promising
applications. This result sets a new challenging task for the
design of media access control.

Remark 1: A preprint of the extended version of this paper
can be found at arxiv [10]. Furthermore, to find a result similar
to the Ahlswede Dichotomy for the entanglement generating
capacity of an arbitrarily varying quantum channel, the results
of this paper are applied to Devetak’s method for entanglement
generation. Some difficulties which occur are discussed in the
extended version (cf. Conjecture 2.7 and the discussion in

Section II).
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