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The relay channel is a classic information theory problem
which has experienced a renewed surge of interest due to
its applicability to a vast variety of modern communica-
tion systems (IoT, integrated access & backhaul, etc.)

Many practical scenarios can be modeled as a simple sep-
arated relay channel. When three or more channels are
concatenated, we speak of a multi-hop relay channel.
Simple min-cut analysis shows that for multi-hop relays
C = min

(
{Cl}Ll=1

)
, which is achievable by the decode-&-

forward (DF) policy.

The recent push toward low latency communications
(sub-1ms in IMT-2020 URLLC) motivates an investiga-
tion into the delay-throughput tradeoff for fixed error
probabilities—finite blocklength theory.

Our work in [1] devised a new relaying scheme called
transcoding (TC) that substantially outperforms both
DF and amplify-&-forward (AF) in the finite blocklength
regime. However, while transcoding outperforms DF for
short block lengths, DF still has the upper hand in the
asymptotic regime. To address this problem, this work
presents two new schemes based on transcoding which
outperform DF in a delay-throughput sense in the regime
of asymptotically large, yet still finite block lengths.

The main tool in showing this performance increase is our
definition of the Delay Amplification Factor (DAF), a mea-
sure of the multiplicative increase in delay when the full
network is compared to the bottleneck link. An intuitive
explanation of the DAF is that it is essentially the ratio of
the end-to-end delay from source to destination to the
delay over the bottleneck hop alone.

We analyze those delays using error exponents. We obtain
the delay over the bottleneck hop from Gallager’s random
coding error exponent. The end-to-end delay depends on
the specific relaying scheme used and is analyzed by de-
riving the end-to-end error exponent from a description
of a relaying scheme. The DAF is then equivalently formu-
lated as the limit of the ratio of the bottleneck and the
end-to-end error exponents.

We show that the DAF for DF schemes is strictly larger
than 1. For AF schemes, the DAF does not apply, since they
are not capacity achieving.

In contrast to this, our first main result is an open-loop
transcoding scheme that achieves DAF=1 when the bot-
tleneck hop is the last hop (l∗ = L). The proof hinges
on a careful construction of a concatenated code and
maximum-likelihood joint decoding at the destination

The second main result is a one-time stop feedback
scheme that achieves DAF=1 regardless of the position of
the bottleneck l∗ 6= L. The proof builds on the idea that
the relay knows which micro-blocks it decoded wrong af-
ter forwarding all of them.

Using result #1, we can construct a sub-optimal
(1 ≤ DAFΦ′ ≤ DAFDF) open-loop scheme that
outperforms DF for l∗ 6= L. Our work in progress is
investigating open-loop schemes that can do better.
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End-to-end error exponent

Main Result #1:
DAFTC = 1 if l∗ = L

Main Result #2:
DAFTC′ = 1 if l∗ 6= L
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