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THz Band channel

• THz frequency range from 100 GHz to 3000 GHz
• Lower THz (100 GHz to 300 GHz) is considered suitable for 6G
• Large available spectrum can provide the required high data rates in next 

generation applications
• 60 GHz bandwidth in the D-band [7]
• Three-dimensional (3D) uncompressed ultra-high definition (UHD) video transmission and 

holographic communication would require beyond 100 Gbps

• Channel model is needed to conduct system design and evaluation
• A comprehensive channel parameters set for the 3GPP channel model is 

provided for indoor environment
• Channel parameters are extracted from the measurement and ray tracing 

simulation data available in the literature
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Wireless Channel Model

• 3GPP channel model [2] is a double directional channel model
• Represented by a channel matrix 𝐻(𝜏, 𝑡) of size 𝑈 × 𝑆, where 𝑈 and 𝑆 are the number of receiver and transmitter antennas, 

respectively
• Channel impulse response between the transmit antenna s and receive antenna u is given as

𝐻 𝜏, 𝑡 =
1

𝐾𝑅+1
𝐻𝑢,𝑠
𝑁𝐿𝑂𝑆 𝑡, 𝜏 +

𝑘𝑅

𝑘𝑅+1
𝐻𝑢,𝑠
𝐿𝑂𝑆 𝑡 𝛿(𝜏 − 𝜏1), 

where 𝑘𝑅 is the Rician k-factor and 𝜏1is the delay of the LOS component, 𝛿(. ) is the Dirac’s delta function

• The task of channel modeling is thus to find the key channel parameters including the number of path clusters, the 
number of rays within each clusters, the delay of each ray and the horizontal and elevation departure/arrival angles 
in the transmitter and receiver sides
• These small-scale parameters are derived from the large-scale parameters [2] such as delay spread, angle spread, Rician k-

factor, etc.
• For example, the delay for the cluster 𝑛 is derived from the delay spread as follows

𝜏𝑛
′ = −𝑟𝜏DS ln 𝑋𝑛 ,

where DS is the delay spread, 𝑟𝜏 is the delay distribution proportionality factor and   𝑋𝑛 follows uniform distribution in the 
interval (0, 1)
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Parameters Extraction (1/4): Path Loss and Shadow 
Fading

▪ The path loss for indoor LOS is modeled by the close-in reference 
distance (CI) model given as

PL 𝑓𝑐 , 𝑑 dB = FSPL 𝑓𝑐 , 1 m + 10𝑛 log10
𝑑

1 m
+ 𝑋𝜎 ,

▪ Where d is the distance between the transmitter and the receiver, 𝑛 is the path 
loss exponent (PLE), and FSPL 𝑓𝑐 , 1 m is the free space path loss at distance 
1 m given as:

FSPL 𝑓𝑐 , 1 m = 20 log10
4𝜋𝑓𝑐
𝑐

▪ 𝑋𝜎 represents the random variation of the path loss due to shadowing and 
𝑋𝜎 ∼ 𝒩(0; 𝜎)

▪ The extracted PLE is 2.01 and the standard deviation of shadow 
fading is 1.85 dB
▪ PLE is higher than 3GPP value of 1.73 for indoor scenario→ wave-guiding 

effect in indoor scenario decreases with the wavelength becoming much 
smaller than the dimensions of the reflectors 

▪ The PLE and shadow fading standard deviation for the best 
NLOS paths are provided as 3.03 and 6.91 dB, respectively
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Parameters Extraction (2/4): Delay Spread

▪ The root mean square (rms) delay spread (DS) characterizes the time 
dispersive properties of a multipath channel

▪ Delay spread for above 100 GHz has been provided in two different 
forms
▪ Some papers present the measured delay spreads→we collect the DS 

values and generate the CDF
▪ Others present the cumulative distribution function (CDF) of the 

measured delay spreads

▪ We fit the Log-normal distribution to extract the mean and standard 
deviation of the DS. 

▪ The mean DS for the LOS cases range from 3.16 ns to 6.03 ns which 
are much smaller than the 3GPP value 0f 19.4 ns for 100 GHz.
▪ Expected as at higher frequency, the path loss increases and the paths 

that travels longer distance do not have enough power to be detected at 
the receiver

▪ One exception is [19] which presents a DS of 19.5 ns→ this is due to 
the large space volume of the shopping mal

▪ [24] also presents a NLOS DS of 3.39 ns which is larger than the LOS 
case (3.16 ns) from the same campaign
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Parameters Extraction (3/4): Angular Spread

▪ There are four different types of angles and hence four types of angle 
spreads, namely azimuth angular spread of arrival (ASA), azimuth 
angular spread of departure (ASD), zenith angular spread of arrival 
(ZSA), and zenith angular spread of departure (ZSD)

▪ Mostly ASA measurement data is available in the literature
▪ Some papers present the measured angular spreads→we collect the 

ASA values and generate the CDF
▪ Others present the cumulative distribution function (CDF) of the 

measured angular spreads

▪ We fit the Log-normal distribution to extract the mean and standard 
deviation of the ASA. 

▪ The mean ASA for the LOS cases range from 26.91 degrees to 33.11 
degrees which are higher than 3GPP value of 25 degrees for 
frequency 100 GHz 
▪ Higher angular spread may reduce the beamforming gain slightly, but can 

provide better diversity gain by properly combining signals arriving from 
different directions with different amounts of fading

▪ [25] presents ZSA CDF from Ray-tracing simulation data.  The mean 
ZSA value is 6.17 degrees which is very similar to 3GPP value of 6.23 
degrees for frequency 300 GHz
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Parameters Extraction (4/4): Rician k-factor & Cluster 
Info
▪ Mean Rician k-factor from measurements (12.67 dB) at 140 GHz is larger 

compared to below 100 GHz (7 dB)
▪ Implies more dominance of the LOS path  compared to below 100 GHz

▪ Rician k-factor from Ray tracing (2.26 dB) at 300 GHz is smaller 
compared to below 100 GHz (7 dB)
▪ Implies less dominance of the LOS path  compared to below 100 GHz
▪ This is different from expected and needs more data to make conclusion. The 

reason for the unexpected result could be some issue with ray-tracing setup

▪ Mean value of cluster ASA was found to be 9.77 degrees which is very 
close to the 3GPP value of 8 degrees for below 100 GHz

▪ Number of cluster information was extracted from the power angular 
profile
▪ Number of clusters are around 5 which is less than 3GPP value of 15 for indoor LOS

▪ Mean number of rays per cluster is less than 10 which is smaller than the 
3GPP value of 20
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Link Budget Analysis(1/2)

▪ Using the parameters extracted from measurements considers all 
propagation factors, both known and unknown
▪ That is, the measured path loss exponent accounts for both the spreading 

loss and the molecular absorption loss in the THz band

▪ Extracted path loss exponent and the shadow fading are used in 
the link budget analysis for LOS
▪ Path loss exponent 2.01
▪ Shadow fading margin 3.1 dB (1.654*1.85 dB for 95% coverage)

▪ The average EIRP is limited to be 40 dBm for indoor by FCC 

▪ EIRP limit can be achieved with an antenna array size of 32, 64, 
128, and 256 antenna elements with per element output power of 
7.89 dBm, 1.88 dBm, -4.14 dBm and -10.16 dBm, respectively

▪ Both the BS and the UE are assumed to use beamforming in the 
link budget analysis

▪ Modulation and coding scheme in TABLE 5.1.3.1-2 of [33]

▪ Devices with four different antenna array sizes (namely, 16, 32, 64, 
and 128) are considered to represent different device types
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Link Budget Analysis(2/2)

▪ The required data rate could range from 10 to 100 Gbps for future 6G 
indoor services

▪ Achievable data rate and the distance are evaluated with a bandwidth 
of 2.16 GHz used in IEEE 802.15.3.d
▪ 10 Gbps is achievable with all the antenna array sizes at the receiver 

device
▪ The device with more antenna elements can sustain 10 Gbps for longer 

distances, namely 19.5 m, 27.5 m, 39.5 m, and over 55.5 m for 16, 32, 64, 
and 128 antenna elements, respectively

▪ Achievable distance as function of bandwidth for a target data rate of 
100 Gbps is evaluated
▪ There is a minimum required bandwidth (19.66 GHz in this case) to 

achieve 100 Gbps
▪ The distance achievable is very short, specifically, 3.3 m, 4.6 m, 6.5 m, 

and 9.2 m with antenna array size of 16, 32, 64, and 128, respectively with 
19.66 GHz bandwidth

▪ The distance increases to 6.4 m, 9.1 m, 12.8 m, and 18.1 m, respectively for 
the above-mentioned antenna array sizes with a bandwidth of 40 GHz

▪ For constant EIRP and target rate, increased bandwidth allows to receive 
at lower SNR and hence increases the range
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Conclusion

▪ Initial channel parameters extracted from the literature data in the frequency range 100–
300 GHz
▪ Can help start the 6G air interface design early on

▪ Can be refined as more measurements data become available

▪ The large scale parameters like the path loss exponent, delay spread, angular spreads, etc. 
are found to be very similar among different campaigns in the considered frequency range

▪ Link budget analysis is presented based on the extracted channel parameters
▪ Achievable data rate and distance evaluated

▪ 10 Gbps is achievable at distances  of 20-55 m depending on antenna configuration and can be considered 
cell edge rate

▪ With the large available bandwidth in this frequency range, it is possible to achieve 100 Gbps data rates 
envisioned for 6G at distance of 3.3 - 9.2 m with 19.66 GHz bandwidth depending on the antenna 
configuration
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