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We are excited to have an unusually large number of arti-
cles in this issue of Mobile Communications and Net-
works series. These articles explore further evolutions of 

communications and some potentials for 6G, including delivery 
of high-precision clock sources, next generation connectivity for 
Railways, integration of terrestrial and non-terrestrial networks, 
integration of artifi cial intelligence (AI) into open Radio Access 
Network (O-RAN), investigation of MIMO channel quantization 
and channel error models towards 6G, the potential of near-fi eld 
beam focusing for 6G, enabling rural connectivity by recycling 
TV towers with massive MIMO, integration of satellite commu-
nication systems into 5G networks, effi  cient decoders for short 
block length codes for ultra-reliability low-latency communica-
tions (URLLC), and the potential benefi ts of virtualized distribut-
ed unit (vDU) standardization in softwarized RAN.

Many network applications and services require high precision 
clock sources. The article “cnPRTC — Coherent Network Primary 
Reference Time Clock: A Geographically Distributed Resilient 
Timescale for Telecommunications” reviews the recent eff orts of 
International Telecommunications Union (ITU) on the solution 
named “cnPRTC.” cnPRTC exploits many independent sources of 
time and frequency, by combining them through high-accuracy 
links and by defining collaborative mechanisms for these clock 
sources to improve the timing performance delivered by the over-
all system and its resiliency. The article also defi nes the operation-
al phases of a cnPRTC system, along with the impact of possible 
technical issues such as GNSS loss within these phases. Moreover, 
three cnPRTC deployment strategies have been defi ned and com-
pared in terms of their resilience levels. We believe that an article 
on ITU’s eff orts towards a high-precision and resilient networked 
clock source solution will be of interest to our readership.

With the emergence of new use cases and advanced applica-
tions in railway communications, like automatic train control and 
radio-based signaling, the long-standing standard Global System 
for Mobile communication — Railway (GSM-R) is not able to 
support the evolving needs. The second article “Next-Genera-
tion Connectivity in a Heterogenous Railway World” describes 
an Adaptable Communication System (ACS) as the possible suc-
cessor to provide a solution for all future mobile communication 
in all types of railways. The ACS complies with the new require-
ments and reference architecture defi ned by the standardization 
bodies like International Union of Railways (UIC), Rail Telecom-
munications Technical Committee of the European Telecommu-
nications Standard Institute (ETSI TC-RT) and the 3rd Generation 
Partnership Project (3GPP). The article discusses several network 
models and enhancements including satellite communications 
(SatCom), Software-Defi ned Networking (SDN) integration, and 
antenna systems that support multiple bearers, saving limited 
mounting surface on a train.

Integration of terrestrial and non-terrestrial networks comes 
under focus in the third article, “Integrating Terrestrial and 
Non-terrestrial Networks: 3D Opportunities and Challenges,” due 
to the potential opportunities it brings in long term, when ubiqui-
tous connectivity would be unavoidable. Non-terrestrial networks 
can bring connectivity to the places where terrestrial networks fail 
due to their limitations. Besides, user experience can be improved 
with the non-terrestrial networks, compared to what is possible 
with the terrestrial networks. These advantages can be realized 
only with smooth integration, but it comes with different chal-
lenges. This article outlines opportunities in terms of use cases. A 
summary of relevant standards is also outlined. The article propos-
es re-engineering of terrestrial network by augmenting a ground 
deployment with uptilted cells, and also complementing it with a 
LEO constellation. The study fi nds some obstacles and suggests 
future direction for research to overcome those.

The integration of satellite communication systems into 5G 
networks will allow satellite operators to be an active part of 
the 5G value chain in providing enhanced services.  This inte-
gration can enable 5G services in underserved or remote areas 
extending 5G applicability and use cases, although with some 
limitations for delay-sensitive or broadband applications. While 
some integration options are already viable and ready for mar-
ket adoption, others still require refi nements and developments, 
to be carried out in parallel with the progress of 3GPP specifi ca-
tions. The article “Modes and Models for Satellite Integration in 
5G Networks” reconstructs the state-of-the-art of the satellite-re-
lated 3GPP standardization and uses outputs of some research 
projects to defi ne the perimeter of the satellite adoption in the 
upcoming 5G-based communication services.

O-RAN is an emerging paradigm, where virtualized network 
infrastructure elements from diff erent vendors communicate via 
open and standardized interfaces. A key element defi ned as part 
of the O-RAN architecture is the RAN Intelligent Controller (RIC), 
an AI-based controller. The article “Choose, Not Hoard: Infor-
mation-to-Model Matching for Artificial Intelligence in O-RAN” 
presents and analyzes a new approach to the integration of AI in 
the O-RAN scenario, allowing to assign diff erent model instances 
to each gNB of the network, and independently choose the data 
each instance is trained on. This approach deviates from the state-
of-the-art that is typically based on training one model instance 
for the whole network and using all available data. Authors of 
this article shows how this approach yields an attractive trade-off  
between training time and learning eff ectiveness.

Future generations of mobile networks are expected to be 
using signifi cantly larger numbers of antennas and higher carri-
er frequencies, which would create challenges on the correct 
channel state information (CSI) acquisition. For this, in the arti-
cle titled “Multiple Antenna Systems in Mobile 6G: Directional 
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Channels and Robust Signal Processing,” authors propose chan-
nel model enhancements based on geometry-based stochas-
tic channel models. In addition, authors overview the recent 
developments of CSI quantization and feedback approaches, 
as well as robustness enhancements of MIMO transmissions 
with imperfect CSIT. Hence, this article is expected to provide a 
good reference for the topics of massive MIMO and extra-large 
(XL)-MIMO channel quantization and channel error models 
towards 6G mobile communications. 

The article, “6G Wireless Communications: From Far-Field 
Beam Steering to Near-field Beam Focusing,” discusses the 
need of extremely large-scale antenna arrays, motivated by 
the requirements expected in 6G networks in terms of data 
rates, energy efficiency, latency, and user diversity. It focuses on 
the possibility of 6G wireless communications in the radiating 
near-field (Fresnel) region assuming the spherical wavefronts, 
in contrast to the conventional far-field operation assuming the 
plane-wave propagation. After describing the challenges and 
characterizing the key physical properties of near-field com-
munications, the authors provide several appealing application 
scenarios by exploiting spherical wavefronts via beam focusing. 
These applications include interference mitigation in multiuser 
communications, accurate localization and focused sensing, and 
wireless power transfer with minimal energy pollution. 

There is another effort of connecting unconnected and 
under-connected population in the eighth article, “Enhance-
ment of Rural Connectivity by Recycling TV Towers with Mas-
sive MIMO Techniques,” but this time by using TV towers with 
multi-user massive multiple input multiple output (mMIMO) tech-
nique. It uses the concept of super cells with high power sig-
nal emission from a high tower, resulting in large coverage area. 
The article shows that the obtained result is promising, based on 
applying the solution to a realistic case study in an Ethiopian rural 
area. Different advantages of the solution are also outlined. At the 
end, the article describes the challenges in deploying the solution 
and direction for possible enhancements to overcome those.

URLLC is one of the key pillars of 5G and beyond. The need 
for making the communication ultra-reliable with low end-to-end 
latency and packet-size flexibility makes the channel coding very 
challenging. Besides, the evolution to 6G demands even stringer 
requirements for all these aspects. The ninth article “Efficient 
Decoders for Short Block Length Codes in 6G URLLC” reviews 
and compares different decoding techniques for URLLC. The 
article also suggests decoder selections and potential research 
directions. Short block-length allows better error correction 
capabilities, but at the expense of degrading transmission reli-
ability, making it a difficult trade-off between block length and 
reliability. Keeping this challenge in mind, the article investigates 
advanced Ordered-Statistics Decoding (OSD), Guessing Ran-
dom Additive Noise Decoding (GRAND), Successive Cancella-
tion List (SCL), with short block-length for high error-correction 
capability. They are evaluated and compared in terms of their 
complexity and block error rate (BLER) performance.

The 5G mobile communications are promoted as an enabler 
for the Enhanced Mobile Broadband (eMBB) services with 
high-bandwidth requirements e.g., Virtual Reality (VR), URLLC 
services demanding low-latency and high-reliability. Initial deploy-
ments of these services indicate that the 5G system supports their 
fundamental functionalities; nevertheless, support for complex use 
cases of such services remains challenging. The article “On the 
Benefits of vDU Standardization in Softwarized NGRAN: Enabling 
Technologies, Challenges, and Opportunities” presents the gains of 
NG-RAN softwarization along with vDU standardization benefits 
for MNOs (Mobile Network Operators) to adopt cutting-edge 
technologies and operate their network more flexibly and efficient-
ly resulting in a reduced Total Cost of Ownership (TCO), particu-
larly when it comes to addressing different needs of new services.

We are very grateful to receive a large number of submis-
sions recently, resulting in ten accepted articles in this issue. The 
review process for the submissions involved many researchers 
around the world, and we are very thankful for their dedication 
and great efforts, especially considering the tight deadlines and 
the many iterations of reviews and revisions for a manuscript to 
be accepted. We would also like to acknowledge the continu-
ous support from the editors and staff members. 

We hope that the readers will enjoy reading the rich set of 
papers in this issue.
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