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Guest Editorial
Advanced Signal Processing for
Local and Private 5G Networks

THIS IEEE Journal of Selected Topics in Signal Processing
(J-STSP) special issue (SI) aims to provide a comprehen-

sive overview of the state-of-the-art advances and a view of
emerging research challenges and opportunities for Advanced
Signal Processing for Local and Private 5G Networks. This SI
describes the latest advances in emerging private 5G networks
from the perspective of signal processing to advance its theoret-
ical underpinnings and practical applications.

Some enterprises, factories and other potential users have
stringent communications performance requirements in terms
of throughput, latency, reliability, availability, and device den-
sity, which cannot be met by 4G long term evolution (LTE)
radio features. Instead, 5G new radio (NR) has the potential
to deliver on such requirements, and shape both the industrial
world as well as our daily lives, by providing spectrum flexibility,
multi-Gbps peak data rates, ultra-low latencies, high reliability,
and massive connectivity. By building dedicated networks with
complete control over every aspect of the network, local and
private 5G NR networks can provide further optimized services
securely and privately, with better performance over the con-
trolled area than that of any public 5G NR deployment. To do
so, a local and private 5G NR network must tailor its end-to-end
radio behavior towards its performance goal by deploying many
new features such as its flexible physical layer and protocols,
flexible numerology, short transmission times and mini-slots,
self-contained sub-frames, asynchronous HARQ, lean carrier,
distributed multiple-input multiple-output (MIMO), mmWave
operations, connected inactive states, grant-free access, and
importantly spectrum usage flexibility. Moreover, by leveraging
system-level network slicing (NS), radio cloud, edge computing,
and improved security and privacy, such a local and private 5G
NR network can simultaneously provide different performance
profiles for a variety of user needs within its area of service. To
deploy these features, it is necessary to take into account the local
statistics including channel state information, communication
and spectrum resources, along with the heterogeneous environ-
ment. All of the above can be very different in the context of
private networks, as compared to the context of public networks.

I. SUMMARY OF THE PAPERS IN THIS SI

This SI starts with a guest editor-authored survey paper that
summarizes concepts, architectures, and the research landscape
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of private 5G networks. This survey is followed by nine con-
tributed papers. These papers cover a range of important research
topics, described as follows.

The first paper, entitled “Dynamic Scheduling for Hetero-
geneous Federated Learning in Private 5G Edge Networks,”
designs a dynamic scheduling policy to explore the spectrum
flexibility for heterogeneous federated learning (FL) in pri-
vate 5G edge networks. Particularly, the authors formulate a
heterogeneity-aware dynamic scheduling problem to minimize
the global loss function, with the consideration of straggler and
limited device energy issues. By solving the formulated problem,
the authors propose a dynamic scheduling algorithm (DISCO)
to make an intelligent decision on the set and order of scheduled
devices in each communication round.

The second study, “Offset Learning Based Channel Estima-
tion for Intelligent Reflecting Surface-Assisted Indoor Com-
munication,” presents a neural network for channel estimation
of intelligent reflecting surface (IRS)-assisted MIMO systems.
To estimate the indoor channels with an affordable piloting
overhead, the authors propose an offset learning-based neural
network for channel estimation without any prior knowledge of
the IRS-assisted channel structure or indoor statistics.

The third contribution, which is entitled “A Markov Chain
Approach for Myopic Multi-hop Relaying: Outage and Diversity
Analysis,” proposes a new cooperative protocol over a multi-
hop network with finite buffers at the relay nodes based on
a myopic coding strategy. A complete theoretical framework
for the analysis that includes outage probability is investigated
by modeling the evolution of the considered network as a state
Markov chain (MC). The authors also derive an expression for
the achieved diversity-multiplexing tradeoff by using the state
transition matrix and the related steady state of the MC. Simula-
tion results demonstrate that the proposed protocol outperforms
the conventional multi-hop relaying scheme in terms of outage
probability and diversity gain.

The fourth paper, which is entitled as “A Novel NOMA
Solution with RIS Partitioning,” presents a novel downlink
non-orthogonal multiple access (NOMA) solution with recon-
figurable intelligent surface (RIS) partitioning to enhance the
system spectral efficiency. The authors propose an efficient phys-
ical resource distribution scheme to improve the ergodic rates
and outage probabilities while maximizing the user fairness.
Simulation results reveal the superiority of the proposed system
over the considered benchmark systems in terms of ergodic rate,
outage probability, and user fairness.
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The fifth paper, “Blockchain-Enabled Electrical Fault Inspec-
tion and Secure Transmission in 5G Smart Grids” integrates
the consortium blockchain (CB) technique to construct an auto-
matic secure and efficient electrical fault inspection system. To
maximize the signal transmission utility and network security,
the authors propose a two-step optimization scheme. Based on
an actual city topology and YouTube video service data statis-
tics, the superiority of the presented solution is demonstrated
from the aspects of network performance and transmission
security.

The sixth contribution addresses the issues of “Fresh, Fair
and Energy-Efficient Content Provision in a Private and Cache-
Enabled UAV Network,” by presenting a private and cache-
enabled unmanned aerial vehicle (UAV) network architecture
and formulating a joint caching, UAV trajectory, and transmit
power optimization problem to maintain the freshness of arriving
data. To solve the formulated problem, the authors propose
a novel algorithm by leveraging the Lyapunov optimization
framework and the successive convex approximation (SCA)
technique. Simulation results verify that the presented algorithm
can provide fresh content files for users and is 22.11% more
energy-efficient and 70.51% fairer than other benchmark algo-
rithms.

The seventh paper, namely “Data-Driven Adaptive Network
Slicing for Multi-Tenant Networks,” presents a two-stage op-
timization framework for allocating network slices to users,
which could be used in a private network. The optimal subset of
network slices to be (de)activated is first found by maximizing
the long-term expected utilities of tenants. At shorter time-
scales, slices within the previous subset of slices are activated
according to the time-varying user traffic demands and channel
states to maximize resource isolation at minimum cost. Convex
approximation is used to relax the non-convex problem formula-
tions, and novel iterative algorithms are proposed to solve them.
Simulation results verify the efficiency of the proposed solution
with respect to a state of the art method.

The penultimate paper entitled “Cognitive Opportunistic Nav-
igation in Private Networks with 5G Signals and Beyond,”
proposes an architecture for a cognitive receiver that can extract
navigation observables from 5G NR signals without requiring
knowledge of the corresponding reference signals. To exploit
the full ranging accuracy, the receiver estimates the reference
signals from multiple 5G base stations and employs them for
navigation. In the acquisition stage, a sequential detection prob-
lem is formulated for the detection of the number of active base
stations and their corresponding reference signals, as well as the
Doppler frequencies. Further, tracking loops refine and maintain
the estimates provided in the acquisition phase. Experimental
results demonstrate the performance of the proposed receiver
by using off-the-air 5G signals on ground and aerial platforms.

The closing paper, titled “Secret Key Generation Using Short
Blocklength Polar Coding over Wireless Channels” belongs
to the broader area of physical-layer security mechanisms.
Specifically, it deals with the problem of secret key generation
over wireless channels using polar codes. The authors treat the
regime of short blocklengths, which is relevant for 5G networks
that include Internet-of-Things connectivity, such as private
industrial networks. Besides the treatise of short blocklengths

with polar codes, another original aspect of the paper is the
use of correlated Gaussian sources for secret key generation.
The numerical results demonstrate the gain in key rate of the
proposed code constructions compared to the corresponding
basic polar codes as well as LDPC-based protocols in the short
blocklength regime.
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