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This project derived several limited performances for random access protocols, and developed some
practical transmission schemes, which approach these limit performance. Our work improves the energy
and spectral efficiencies for machine-type communications and the Internet of Things.

In this project, we provide the asngtotic analysis performance of the coded
slotted ALOHA wireless communication systems over Rayleigh block fading channels. We give the
asymptotic decoding thresholds of the average normalized offered traffic G of the systems, such as a
belief propagation (BP) threshold, a maximum a posteriori (MAP) threshold, and a converse bound.

We show that, over fading channels, employing the intra-slot successive interference cancelation
(SIC) enhances the BP thresholds. We also developed a spatially-coupled scheme through which the BP
decoding threshold approaches the MAP threshold and approaches the converse bound.

random access slotted ALOHA fading channel channel coding
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Machine Type Communications (mMTC), which is a potential application of the sixth generation (6G)
of wireless technology, is anticipated to provide wireless connectivity to a large number of devices. Random
access schemes, which evolved from slotted ALOHASs (SAs), are regarded as a class of promising solutions
for mMTC since such devices transmit their data without pre-establishing connections and pre-requesting
channel resources. The extensively studied traditional SA has been implemented in various commercial
communication systems and standards. Nevertheless, its maximum offered traffic is only 1/e. Among these
random access schemes, code slotted ALOHA (C-SA) achieves a theoretical bound of slotted ALOHA-type
schemes over the collision channel model. The model is simple and, however, neglects the impact of fading
and noise in wireless transmission.

However, in wireless scenarios, the impact of fading must be addressed. It is well known that fading,
causing power variations among the superimposed signal, can be utilized, such as non-orthogonal multiple
access (NOMA), to improve the spectrum efficiency in wireless systems. This motivates us to enhance the
spectrum and energy efficiencies for random access wireless systems, by utilizing fading.

2. WHEDHBY

The purpose of this project is to enhance the spectrum and energy efficiency for random access wireless
systems, especially coded SA (C-SA) systems over fading channels. We provide the asymptotic analysis
performance of the C-SA systems.

3. WD TIk

We model the C-SA systems with an inter-slot successive interference cancellation (SIC) by a bipartite
graph, which resembles the density evolution of LDPC decoding. This makes it possible for channel-coding
theory is used to analyse C-SA systems.

Moreover, since fading causes power variations in the collide signals in slots, we employ an intra-slot
SIC to enhance the decoding capacity within slots, similar to the conventional NOMA techniques. This
makes it possible that communications theory is used to analyze the average error probability with threshold
decoding and intra-SIC.
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access point (AP) within a frame of M time slots. Each device

generates a single message with activation probability z, The 18
message of each active device is partitioned into k£ segments, V »
which are encoded through segment-orientated codes. Each i

segment is further encoded through a channel code. These coded = - s *]

segments are transmitted to randomly chosen slice-slots in a
frame of slice-slots for contention resolution. At the AP, The
intra- and inter-slot SIC processing is carried out iteratively to
recover those messages. The performance metric is the average
normalized offered traffic G, which represents the average
number of packets transmitted per slot when the packet loss rate (PLR) Figure 1 random access system.
is lower than a target value.
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In this project, we provide the asymptotic analysis performance of the C-SA systems over Rayleigh block
fading channels. The analysis performance is the asymptotic decoding thresholds of the average normalized
offered traffic G, such as a belief propagation (BP) threshold, a maximum a posteriori (MAP) threshold,
and a converse bound.

The BP threshold is obtained by iterative decoding between the intra- and inter-slot SICs, and it can be
achieved in practice. Packet-wise MAP threshold, which is the highest performance when not addressing



the complexity of decoding, is the upper limit of practical decoding, such as the BP threshold. Converse
bound expresses an impossibility threshold to be approached and is tight if the MAP or BP thresholds are
close to the bound. Although it is relatively simple to get a converse bound, calculating a MAP threshold is
usually difficult. If the converse bound is tight, it can be used as an upper bound for the BP threshold,
especially when the MAP threshold is unknown.

First, we derive the BP decoding threshold of the
average normalized offered traffic for the C-SA systems. '
In the C-SA, maximum distance separation (MDS) codes —
with an energy efficiency over (0, 1) are employed to — Cotlision channe |
recover the erasure errors due to segment-collisions, and 10!
a channel code is employed to mitigate interference
between devices, even over fading. Using the erasure
probability of decoding an MDS code and the average %,
channel decoding error probability in the presence of
both fading and collisions, we formulate iterative
equations of density evolution. By using the equations,
we derive a BP threshold. Numerical results show that
over Rayleigh block fading channels, the BP thresholds
of the C-SA are higher than those without fading, i.e.,
over the collision channel model (see Fig. 2). This means 0705 06 07 08 09 1 LT 12 13 11 15 16 17

that over fading channels, employing the intra-slot SIC Figure 2: PLRs vs average traffic G over fading and
enhances the BP thresholds. collision channels. At the target PLR of 102, The BP
thresholds are 1.550 and 0.655 [packets/slots].
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Second, we establish a converse bound of the average normalized offered traffic by using a match
condition of the two extrinsic information transfer (EXIT) curves associated with the MDS decoding and
the channel decoding.

Third, for irregular repetition slotted ALOHA (IR-SA)
systems, we derive a MAP decoding threshold of the o
average normalized offered traffic. The coincidence of
the BP and MAP EXIT curves makes it possible to derive
a MAP threshold, which serves as a guideline for
practical access schemes. Note that IR-SA, where each
device repeatedly transmits its packet or replicas, is the
repetition code case of a generic linear segment-
orientated block code in C-SA systems. 1
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Fouth, we present a density evolution algorithm for an
explicit spatially-coupled slotted ALOHA (SC-SA) "
scheme, and derive its BP decoding threshold. We 0 01 02 03 04 05 06 07 08 09 1
observe from the numerical results that the spatially- C=1E
coupled scheme achieves a threshold saturation effect Figure 3 Thresholds versus energy efficiency:

through which the BP decoding threshold approaches the g&fﬁgg?fsl ﬁ{%;ogzzrgpbgﬂggcgab:f ";Ig sl\gAP
MAP threshold. ’ ’

In Fig. 3, we give numerical results to show that over Rayleigh block fading channels, the BP thresholds
of the SC-SA approaches the MAP thresholds of IR-SA, and are close to the converse bounds of IR-SA.
The converse bounds are tight.

Our work above gives the theoretical bounds of the C-SA systems over fading channel and also gives a
practical way to approach these bounds. These contributions enhance the energy and spectral efficiencies
of wireless random protocols, which are required in the emergence of mMTC and the internet of things.
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