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This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79

Internet-Drafts are working docunents of the Internet Engineering
Task Force (IETF). Note that other groups nmay also distribute
wor ki ng docunments as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunments valid for a maxi num of six
mont hs and nmay be updated, replaced, or obsol eted by other docunents
at any tine. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress."

This Internet-Draft will expire on July 30, 2026

Copyri ght Notice

Copyright (c) 2026 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Docunents
(http://trustee.ietf.org/license-info) in effect on the date of
publication of this docunent. Please review these docunents
carefully, as they describe your rights and restrictions with
respect to this docunent.

Abst ract

This internet draft is a critique of RFC 9583, "Application
Scenarios for the Quantum Internet". Section 3.2 of that docunent
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presents network clock synchronization as application for quantum
internet. The present internet draft argues why it is not.
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1. Introduction

Quantum conmuni cation is attracting major investnments worldwi de. In
Europe al one, hundreds of nmillions of euros are being invested in
quant um communi cation infrastructure, including EuroQCl with a focus
on quantum key distribution (QKD), and satellite-based quantum
conmuni cation. Many of those investments are nmade with a long-term
vision towards a "full" quantuminternet. [RFC9583] describes a
possi bl e quantuminternet devel opnent in six stages, as well as
applications and application scenari os.

We studied the Q RG docunent [ RFC9583] in order to validate quantum
internet investnents of our own. W found that nost applications are
| ess than convincing. Many of the applications could easily be

i npl emented wi th nuch cheaper existing technol ogies. The viability
controversies of QKD are well known [Aquina]. O her application
scenarios are still at |ow technol ogy readi ness |evel, like

di stributed quantum conputi ng.

One application stood out to us, nanely network clock

synchroni zation. This application is easily explainable. Moreover,
it would provide a potential inprovenment of a high-value classic
application. In order to better understand the quantuminternet
application, we involved nathenaticians, electrical engineers and
physi ci sts of our own organi sation, and we consulted with externa
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speci alists on clock synchroni zati on and quantum t echnol ogi es,

i ncluding sonme of the original authors. Despite these efforts, we
have been unable to refute the null hypothesis, nanmely that quantum
cl ock synchronization is not a valid application of quantum

i nternet.

This internet draft introduces quantum cl ock synchronization, and it
provi des four argunments for the "not-valid" concl usion

NOTE:

The term "synchroni sation" has multiple neanings in scientific
literature.

Meaning 1: ("clock synchronization"): adjustnent of a clock or watch
to show the sane tine as another.

Meani ng 2 ("synthoni zation"): the process of setting two or nore
oscillators to the same frequency.

This internet draft is only about the first nmeaning, as Q RG via

[ RFC9583] addresses only that neaning. Exanples of the second

meani ng are nethods that use entangl ed photon pairs from physica
processes (e.g. spontaneous paranetric down conversion), or that use
quantuminterference of photons (Hong%ffiu®Ei#andel effect). The second
meaning is out of scope of this internet draft.

2. Quantum d ock Synchronization

[ RFC9583], and references therein refer to [Jozsa2000] for "quantum
cl ock synchronisation". [Jozsa2000] introduces three nethods for
synchronizing a pair of spatially separated clocks, Alice and Bob,
which are at rest in a comon inertial frane.

1. Einstein Synchronization. This involves an operational |ine-of-
si ght exchange of light pulses between two Alice and Bob. This
met hod i s based on the presunption that the speed of |ight, and
hence optical distance, is the same fromAlice to Bob as vice
ver sa.

2. Eddington’s Slow C ock Transport. In this scheme, Aice and Bob
are first synchronized locally, and then they are transported
adi abatically (infinitesimally slowy) to their final separate
| ocati ons.
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3. Quantum d ock Synchroni zation. This third nethod is quantum
ent angl ement based, in which Alice and Bob possess shared prior
ent angl enent .

Introduced as three different nmethods, the third would not rely on
either of the other two. In the third nmethod, no actual clocks exist
initially but rather only "entangl ed clocks” in a global state which
does not evolve in time. The synchroni zed cl ocks are then extracted
vi a nmeasurenents and cl assical communications perfornmed by Alice and
Bob, using the Ransey nmethod. More details are provided by

[ Jozsa2000], as well as a critique by [Burt] on circular reasoning
by [Jozsa2000].

3. Matter-based entangl enent requires slow clock transport

[ Jozsa2000] assunes shared prior entangl enent. The entangl emrent may
be matter-based, e.g. entangl enent between pairs of atoms, ions or

el ectrons. That entangl enent can only be achieved if those have been
cl ose together in the past. As argued by [Burt], there the phase

i nformati on nust be transported quantum nmechanically and in such a
way that it avoids "classical" perturbations. That nmeans sl ow cl ock
transport, which would make it a conplicated variation of

Eddi ngton’ s Sl ow C ock Transport.

Hence, we shoul d exclude matter-based entangl enent, and presune the
alternative. That is, entangl enent between pairs of photons, the
units of electromagnetic radiation

4. Phot on-based entangl ement does not carry tine information

[ Jozsa2000] introduces their nmethod as different fromEinstein
Synchroni zation. That is, it does not rely on a bidirectiona

channel with exactly equal delays in both directions. Figure 1
sketches the creation of shared prior entangl ement between Alice and
Bob. The quantum channel is unidirectional: photons (photonic
qubits) travel fromAlice to Bob. Those qubits are entangled with
qubits that stay with Alice. Alice and Bob have cl ocks that need to
be synchroni zed. Each of them has a cl ock out put where the cl ock
information is consuned locally. C assical comunication (not shown)
is used for asynchronous bidirectional exchange of information for
the quantum cl ock synchroni zati on protocol
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Figure 1 Effect of delay . T on clock synchroni zation
(Showi ng only the quantum channel: fromAlice to Bob & Burt)

The problemw th this approach is that |ight (photons) do not carry
time information. If a classical pulse of light is sent fromAlice
to Bob, and a simlar classical pulse of light is sent fromAlice to
Burt with a delay . T, then Burt will measure the sane as Bob, just
.T later. This is true, independent of the nunmber of photons in the
pul se, or whether the pulse is a single photonic qubit.

We conclude that if Alice synchronizes this way with both Bob and
Burt, that Burt’'s clock will be lagging . T behind Bob's cl ock.

5. No known nethod can create the required initial conditions wthout
al ready synchroni zed cl ocks

For the algorithm by [Jozsa2000] to work, a shared neasurenent basis
is required between the two quantum systens. However, no practica
met hod is known to the authors which can create this without the use
of already synchroni zed cl ocks. The sane argument was nade by
[Burt], who argues that the initial paper boils down to circular
reasoni ng.

The only proposed option is to connect the |ocal neasurenent bases

to e.g. absolute orientation in the universe. However, no nethods
are known to achieve this, and it is suspected by the authors that
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10.

the concept goes against the rule that absol ute quantum phase is
irrel evant.

Current synchronization solutions suffice

Qur final question was why we don’t see nore work on quantum cl ock
synchroni zation by e.g. netrology institutes. W suspect that the
reason is econonical, and that current clock synchronization

sol utions based on the first nethod suffice.

Security Considerations

Not applicable. The (in)validity of quantum cl ock synchroni zati on
has no security considerations.

| ANA Consi der ati ons

Not applicable. The (in)validity of quantum cl ock synchroni zati on
has no | ANA consi derati ons.

Concl usi ons

We concl ude that [RFC9583]-type quantum cl ock synchronization is not
a valid quantuminternet application. W have provided four
argunents for this.

0 Matter-based entangl enment requires slow clock transport.

o Phot on-based entangl ement does not carry tine infornation.

o No known nethod can create the required initial conditions
wi t hout al ready synchroni zed cl ocks.

0 Current synchronization solutions suffice.

These are relevant insights to those who use [ RFC9583] as basis for
investnments in quantum i nternet.
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Appendi x A Di scussi on of other references
In the appendix, we briefly discuss other references on quantum
cl ock synchronization. They don't change the conclusions of this
internet draft.

A 1. [1]o-Ckeke]
[1lo0-Ckeke] uses entangl enment purification, a.k.a. entangl enent
distillation, to inprove the quality of the entanglenent. It is
based on the sane assunptions as [Jozsa2000].

A 2. [Konar]
[ Komar] is cited by [RFC9583]. It presunes a perfect GHZ-state as a

starting point, simlar to [Jozsa2000], which can only be achieved
in the presence of already synchroni sed cl ocks.

A 3. [Guo]

[Guo] is cited by [ RFC9583]. It references [Komar] for clock
synchroni sati on.
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