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Foreword 
This Group Report (GR) has been produced by ETSI Industry Specification Group (ISG) TeraHertz (THz). 

Modal verbs terminology 
In the present document "should", "should not", "may", "need not", "will", "will not", "can" and "cannot" are to be 
interpreted as described in clause 3.2 of the ETSI Drafting Rules (Verbal forms for the expression of provisions). 

"must" and "must not" are NOT allowed in ETSI deliverables except when used in direct citation. 

Executive summary 
The present document focuses on channel measurements and modeling in THz bands. Specifically, it first summarizes 
the key channel measurement scenarios and frequency bands for THz communications and sensing systems. It identifies 
the key THz-specific propagation aspects, such as effects of atmospheric absorption, micro-mobility, specifics of 
scattering and surface roughness, impact of large arrays and near-field propagation, and material characterization in 
THz bands. It summarizes relevant channel measurements and open measurement datasets performed in THz bands. 
Next, it details the relevant channel modeling approaches, including deterministic, stochastic, hybrid, and machine 
learning models and introduces updates to the existing geometry based stochastic channel model defined by 3GPP with 
extensions required to support THz frequency bands. Finally, it introduces key channel modeling considerations for 
Integrated Sensing And Communications (ISAC) and Reconfigurable Intelligent Surfaces (RIS). 
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Introduction 
The emergence of TeraHertz (THz) communication and sensing systems has garnered significant attention as a 
promising solution to meet the increasing demand for ultra-high data rates, low-latency applications, and enhanced 
spectrum utilization in future wireless networks. Positioned between millimetre-wave and infrared frequencies, the THz 
band (0,1 THz to 10 THz) offers an expansive amount of untapped spectrum. This potential makes it a strong candidate 
for enabling technologies such as 6G, ultra-fast wireless backhaul, and other advanced use cases that require 
high-capacity links. 

However, despite its promise, the deployment of THz communications presents unique challenges. THz waves 
experience higher path losses, atmospheric absorption, and sensitivity to obstacles compared to lower frequency bands. 
To ensure robust and reliable THz communications, it is critical to develop a comprehensive understanding of the 
propagation characteristics and to model the radio channels accurately under various environmental conditions and 
deployment scenarios. 

The present document summarizes channel measurement scenarios, frequency bands, and radio propagation 
characteristics specific to the THz range. Furthermore, it extends state-of-the-art channel modeling techniques - ranging 
from geometry based stochastic, deterministic, to machine learning models - to support communication and sensing in 
THz bands. Furthermore, it discusses the key considerations related to channel modeling for ISAC and RIS. 

Overall, the present document aims to provide a comprehensive framework for understanding THz-specific propagation 
effects and the development of accurate channel models, consequently contributing to ongoing efforts to enable reliable 
THz communication and sensing systems. 
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1 Scope 
The present document focuses on channel measurements and channel modeling in THz frequency bands.  

2 References 

2.1 Normative references 
Normative references are not applicable in the present document. 

2.2 Informative references 
References are either specific (identified by date of publication and/or edition number or version number) or 
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the 
referenced document (including any amendments) applies. 

NOTE: While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee 
their long term validity. 

The following referenced documents are not necessary for the application of the present document but they assist the 
user with regard to a particular subject area. 

[i.1] ETSI TR 138 901: "5G; Study on channel model for frequencies from 0.5 to 100 GHz (3GPP 
TR 38.901 version 18.0.0 Release 18)".  

[i.2]  S. Tarboush et al.: "TeraMIMO: A channel simulator for wideband ultramassive MIMO terahertz 
communications", 2021, IEEE Transactions on Vehicular Technology, Vol: 70, Issue: 12, 
December 2021. 

[i.3] Han, C., Wang, Y., Li, Y., Chen, Y., Abbasi, N. A., Kürner, T., & Molisch, A. F. (2022): 
"Terahertz wireless channels: A holistic survey on measurement, modeling, and analysis". IEEE 
Communications Surveys & Tutorials, 24(3), 1670-1707. 

[i.4] C. Jansen, R. Piesiewicz, D. Mittleman, T. Kürner and M. Koch: "The Impact of Reflections From 
Stratified Building Materials on the Wave Propagation in Future Indoor Terahertz Communication 
Systems", in IEEE Transactions on Antennas and Propagation, vol. 56, no. 5, pp. 1413-1419, 
May 2008. 

[i.5] S. Kim, W. T. Khan, A. Zajić, and J. Papapolymerou: "D-band channel measurements and 
characterization for indoor applications", IEEE Trans. Antennas Propag., vol. 63, no. 7, 
pp. 3198-3207, July 2015. 

[i.6] S. L. H. Nguyen, J. Järveläinen, A. Karttunen, K. Haneda and J. Putkonen: "Comparing radio 
propagation channels between 28 and 140 GHz bands in a shopping mall", 12th European 
Conference on Antennas and Propagation (EuCAP 2018), pp. 1-5, London, 9-13 April, 2018. 

[i.7] L. Pometcu and R. D'Errico: "Characterization of sub-THz and mmwave propagation channel for 
indoor scenarios", 12th European Conference on Antennas and Propagation (EuCAP 2018), 
pp. 1-4, London, 9-13 April, 2018. 

[i.8] S. Priebe, M. Kannicht, M. Jacob, and T. Kürner: "Ultra broadband indoor channel measurements 
and calibrated ray tracing propagation modeling at THz frequencies", Journal of Communications 
and Networks, vol. 15, no. 6, pp. 547-558, December 2013. 

[i.9] C. Jansen et al.: "Diffuse scattering from rough surfaces in THz communication channels", IEEE 
Trans. THz Sci. Technol., vol. 1, no. 2, pp. 462-472, November 2011. 

[i.10] Kim S, Zajić A (2015): "Statistical characterization of 300 GHz propagation on a desktop". IEEE 
Transactions on Vehicular Technology, doi: 10.1109/TVT.2014.2358191. 
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[i.11] Kim S., Zajić A. (2016): "Characterization of 300 GHz wireless channel on a computer 
motherboard". IEEE Transactions on Antennas and Propagation, doi: 10.1109/TAP.2016.2620598. 

[i.12] Fricke A., Rey S., Achir M., et al. (2013): "Reflection and transmission properties of plastic 
materials at THz frequencies". 38th International Conference on Infrared, Millimetre, and Terahertz 
Waves (IRMMW-THz), doi: 10.1109/IRMMWTHz.2013.6665413. 

[i.13] Fricke A., Achir M., Le Bars P., et al. (2015): "Characterization of transmission scenarios for 
terahertz intra-device communications. IEEE-APS Topical Conference on Antennas and 
Propagation in Wireless Communications (APWC)", doi: 10.1109/APWC.2015.7300195. 

[i.14] Cheng C., Kim S., Zajić A. (2018): "Study of diffraction at 30 GHz, 140 GHz, and 300 GHz". 
IEEE International Symposium on Antennas and Propagation USNC/URSI National Radio 
Science Meeting, doi: 10.1109/APUSNCURSINRSM.2018.86088. 

[i.15] Kürner T., Fricke A., Rey S., et al. (2015): "Measurements and modeling of basic propagation 
characteristics for intra-device communications at 60 GHz and 300 GHz". Journal of Infrared, 
Millimetre, and Terahertz Waves, doi:10.1007/s10762- 014-0117-5. 

[i.16] Fu J., Juyal P., Zajić A. (2019): "THz channel characterization of chip-to-chip communication in 
desktop size metal enclosure". IEEE Transactions on Antennas and Propagation, doi: 
10.1109/TAP.2019.2934908. 

[i.17] Cheng C., Kim S., Zajić A. (2017): "Comparison of path loss models for indoor 30 GHz, 
140 GHz, and 300 GHz channels". 11th European Conference on Antennas and Propagation 
(EUCAP), doi: 10.23919/EuCAP.2017.7928124. 

[i.18] Piesiewicz R., Jansen C., Mittleman D., et al. (2007): "Scattering analysis for the modeling of THz 
communication systems". IEEE Transactions on Antennas and Propagation, doi: 
10.1109/TAP.2007.908559. 

[i.19] Fricke A., Kürner T., Achir M., et al. (2017): "A model for the reflection of terahertz signals from 
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doi: 10.23919/EuCAP.2017.7928148. 

[i.20] Jacob M., Priebe S., Dickhoff R., et al. (2012): "Diffraction in mm and sub-mm wave indoor 
propagation channels". IEEE Transactions on Microwave Theory and Techniques, 
doi: 10.1109/TMTT.2011.2178859. 

[i.21] He D., Guan K., Ai B. et al. (2017): "Stochastic channel modeling for kiosk applications in the 
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doi: 10.1109/TTHZ.2017.2720962. 
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