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Editorial on the Research Topic 
Index Modulation for 6G Communications

The past decades have witnessed surges in data throughput and the number of connected nodes throughout the fourth generation (4G) and fifth generation (5G) upgrades. Recent studies also forebode these increases in the future sixth generation (6G) networks, especially when the Industrial Internet of Things (IIoT) and space-air-ground network integration can be widely implemented in the 2030s. These tremendous increases will undoubtedly result in increasingly stringent requirements of spectral efficiency and energy efficiency of communication systems.
In recent years, index modulation (IM) has attracted researchers’ attention as a means of meeting these two requirements. Different from conventional amplitude-phase modulation schemes, index modulation employs one or more index domain(s) in addition to the classic amplitude-phase constellations. Therefore, index modulation offers a means to form a higher-dimensional modulation scheme, which considerably enhances the spectral efficiency under proper system configurations. By index modulation, only a subset of transmit antennas/orthogonal subcarriers/time slots will be activated to form a unique activation pattern. Consequently, the index of activation pattern can be used to modulate extra bit streams, in addition to the bit streams modulated by constellation symbols. As a newborn paradigm in infancy, there are still a large number of open research questions awaiting solutions, and further research activities are of high importance to ultimately promote index modulation to the practical stage. More state-of-the-art communication technologies and the latest communication paradigms, e.g., terahertz bands, meta-surfaces, and cooperative relays, can be jointly applied with index modulation, which broadens its applicability.
In light of the aforementioned advantages, promising applications, and the good applicability brought by index modulation, the Guest Editors proposed this Research Topic to attract original and high-quality publications addressing the theoretical and practical issues related to index modulation for 6G communications. The Guest Editors would also like to take this Research Topic as an opportunity to stimulate further research activities related to index modulation in the 6G era. In total, four papers have been accepted for this Research Topic from scholars coming from a number of countries. The topics of these contributing papers cover a wide range of index modulation, including applying the index modulation concept in the context of cooperative communications, meta-surface based terahertz communications, massive random access networks, joint communication and radar-sensing systems.
The first accepted paper titled ‘Toward Spectral and Energy Efficient 5G Networks Using Relayed OFDM With Index Modulation’ by the researchers with King Abdullah University of Science and Technology (KAUST) is dedicated to index modulation in the frequency domain. In particular, this paper discusses the feasibility as well as the pros and cons of introducing cooperative relaying technology to help systems employing orthogonal frequency-division multiplexing with index modulation (OFDM-IM) harvest a diversity gain and raise energy efficiency. The recent achievements of such a joint paradigm have been summarized and appraised in this work. Besides, a full picture and some insightful viewpoints regarding the practical implementation of relay assisted OFDM-IM are also provided.
The second accepted paper titled ‘Index Modulation–Aided Mixed Massive Random Access’, by Liang et al. with Xidian University, analyzes index modulation in a broader context and considers massive random access scenarios, where users can be classified into two categories. A mixed massive random access scheme is proposed and studied in this work, which can support common information and user-specific information transmissions. Specifically, the common information is transmitted by index modulation aided unsourced random access (URA), while the user-specific information is transmitted by index modulation aided sourced random access (SRA). Employing both index modulation aided URA and SAR, the system error performance and complexity are illustrated and compared to conventional transmission schemes through numerical simulations.
The paper titled ‘A Differential Modulation Scheme for Metasurface-Based Terahertz Communications’ by Guo et al. extends the application of index modulation to meta-surface-based terahertz communications. In this work, a differential spatial THz modulation (DSTM) scheme is proposed and analyzed for meta-surface-assisted terahertz communication systems. The index domain of the DSTM scheme is constructed upon the meta-surface pattern activation orders instead of the meta-surface patterns per se. In this way, the systems adopting the DSTM scheme are able to perform differential detection and do not rely on the channel state information and the meta-surface response to incident terahertz signals. Simulations have been conducted to demonstrate the performance superiority of the proposed DSTM scheme in this paper.
The finale of this Research Topic, titled ‘OFDM-IM for Joint Communication and Radar-Sensing: A Promising Waveform for Dual Functionality’, is contributed by Şahin et al. This work utilizes OFDM-IM for joint communication and radar-sensing purposes and particularly evaluates the OFDM-IM waveform in these emerging application scenarios. Extensive computer simulations are involved in this work to reveal the performance advantages of OFDM-IM waveform in comparison with the classical OFDM waveform with a fixed pilot design.
Before concluding this editorial, the Guest Editors would like to thank all the authors who contributed their manuscripts to this Research Topic and reported their latest research results. In the meantime, the Guest Editors would also like to thank all reviewers for their supports for reviewing the submitted papers to this Research Topic and providing their valuable comments and suggestions. A special note of thanks goes to Prof. Mohamed-Slim Alouini, the Field Chief Editor of Frontiers in Communications and Networks, for his continuous support and coordination for the administrative affairs of this Research Topic.
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