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Importance and timeliness
Adaptive modulation and coding (AMC) and hybrid automatic repeat request (HARQ) are two
transmission strategies commonly used in modern wireless systems to communicate over errorprone and time-varying channels. In broad terms, AMC consists in adjusting the transmission
parameters (such as the modulation type, the coding rate, and/or the transmission power) to the
channel conditions; these are most often defined by a predefined set of modulation/coding
schemes (MCSs). The receiver selects a suitable MCS and conveys its index to the transmitter
via a feedback channel.
Transmission errors, unavoidable in any practical system, are handled by the retransmission
protocol known as automatic repeat request (ARQ), where the receiver uses a feedback channel
to inform the transmitter about a successful decoding—via a positive acknowledgment (ACK)
message— or about a decoding failure—via a negative acknowledgment (NACK) message,
which triggers a new transmission round (or a retransmission). Increasing the number of
retransmissions improves the chances for successful decoding. In this tutorial, we consider the
retransmission protocol known as hybrid ARQ (HARQ) in which coding is done across the
transmission rounds, and thus is intimately related to the AMC for which coding and
modulation are the core elements.
In more general terms, both AMC and HARQ may be seen as transmission strategies with
variable rate: the former, due to the explicit variation of the number of bits conveyed over the
channel, the latter, due to the variability of the transmission time resulting from the variable
number of transmission rounds. AMC and HARQ are thus naturally coupled and, in this work
we want to clarify to what extent and how this coupling should be preserved or exploited.
Therefore, although the formalism of the communication layers tends to separate the AMC from
HARQ, the practice may call for their holistic view. In particular, the Long Term Evolution
(LTE) standard specifies the HARQ operation as part of the media access control (MAC) layer,
whereas the channel measurements procedures are defined in the physical layer (PHY).
However, the AMC, i.e., the way the MCS should be chosen based on the reported channel
measurement is unspecified and left for implementation. We will thus consider the AMC and
HARQ as mechanisms of PHY and the main objective of this tutorial is to present and explain
various elements critical to the operation of AMC and HARQ placing them both in the
theoretical framework relating it to the current practice of the modern wireless standards.
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Tutorial content
1- Context: (Short) description of a wireless commutation scenario
- classical scheme
- AMC, description, allowing a short intro on channel coding
- uncertainties on the channel conditions : use of a feedback channel (trial and error :
PHY and MAC)
- introduction to diversity
2- Classical ARQ/HARQ situations and their representation in the current standards
- Various ARQ schemes Stop and wait, etc…
- HARQ : CC and IR
3- Performance metrics and related applications (Pierre)
a) Definitions:
- PER
- efficiency
- delay
b) And their evaluation for ARQ/HARQ
- study of various situations
4- Degrees of freedom in the design of HARQ (and their relationship to the current standards)
- rate allocation and adaptation (Leszek)
- power allocation and adaptation (Leszek)
- non-orthogonal HARQ; reducing the delay and improving the throughput (Pierre)
5- HARQ and AMC; joint or separate design (Leszek)
- separate design: conflicting objectives and counterproductive actions
- joint design: complexity issues
- semi-joint design via layered coding
6- Wrap up
- conclusions on theoretical and practical issues
- possible extensions
a) security: rate adaptation for secure HARQ (Leszek)
b) cooperative communications (Pierre)
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