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Abstract—Terahertz (THz) band (0.1-10 THz) communications
is an important technology to meet the demands of the next
generation 6G wireless network. The transmitted reference pulse
cluster (TRPC) waveform, proposed for ultra-wideband commu-
nications, is a suitable candidate for THz communications due
to its ultra-broad bandwidth, simple architecture, and built-in
robustness to phase noise. In this paper, we achieve a higher data
rate for TRPC by proposing a block transmission structure. The
prefix before a block is used to address inter-block interference
(IBI), and minimum mean-square error (MMSE) based channel
estimation and equalization are developed to deal with inter-
symbol interference (ISI) arising from high transmission data
rates. The performance of the proposed algorithms is verified
in the diffuse scattering rich THz channels. Simulation results
demonstrate the effectiveness of the proposed algorithms in
reducing the influences of IBI and ISI.

Index Terms—6G, THz communications, waveform design,
TRPC, channel estimation, channel equalization.

I. INTRODUCTION

THz and sub-THz band (0.1-10 THz) is a critical segment
of spectrum to support future 6G wireless systems,

considering the availability of bandwidth resources ranging
from tens to hundreds of gigahertz, pico-second level symbol
duration, integration of thousands of submillimeter-long an-
tennas, and weak interference without full legacy regulation
[1]. The impulse radio ultra-wideband (IR-UWB) technology,
utilizes both coherent (CR) and non-coherent receiver (NCR)
designs [2], is attracting increasing attention for applications
in wireless personal area networks (WPANs), wireless sensor
networks (WSNs), and the internet of things (IoT), thanks
to its low power consumption and the large bandwidth [3].
Transmitted reference pulse cluster (TRPC) [4] is a novel
waveform proposed for NCR UWB communications [5].
The TRPC waveform employs a set of pulses in closely-
spaced uniform intervals with information encoded in the
relative phase of the adjacent sub-pulses. This design facil-
itates the implementation of a simple, energy-efficient, and
resilient autocorrelation detector in the receiver. Moreover,
the autocorrelation detector is robust against pulse shape
distortion during transmission. The authors in [6] enhance
the performance of TR receivers by improving their SNR.
Weighted energy receivers (WERs) have also been introduced
to improve receiver performance in UWB communications

[7]. In [8], the performance of a conventional transmitted-
reference (TR) receiver is evaluated using a frequency-shifted
reference pulse in a UWB system. In [9], the authors discuss
a hybrid pulse position modulation (PPM) and binary phase-
shift keying (BPSK) for TRPC structure to increase energy
efficiency and data rate. In [10], a practical passband TRPC-
based UWB system has been developed and examined to
address carrier frequency offset and phase noise that naturally
occur in voltage-controlled oscillators (VCO) of both the
transmitter and receiver. Recently, a solution to the non-ideal
delay line problem in TRPC for UWB communications is
introduced in [11]. In [12], an energy-efficient on-off keying
TRPC system for UWB communications is proposed. In [13],
the authors discuss an energy-efficient weighting strategy for
various TRPC-UWB communication systems. In [14], a joint
symbol and ToA estimation for iterative TRPC-UWB systems
is introduced.

In contrast to lower carrier frequency channels, diffuse
scattering from reflective surfaces is a prominent phenomenon
at THz frequencies because of surface roughness comparable
to the wavelength. This leads to a cluster of dense rays from
one reflection surface [15]. Moreover, molecular absorption
and frequency-dependent path loss result in limited multipaths
from the surroundings, where signals from longer propaga-
tion paths will be attenuated substantially. The ultra-narrow
pulses of TRPC waveform utilize the ultra-broad bandwidth
of the terahertz band that naturally achieves high-resolution
multipath discrimination. In addition, TRPC offers a simple
transceiver design that avoids full channel state information
estimation, which is challenging in THz channels with dense
diffuse scattering [16].

One shortcoming of the original TRPC is the limited data
rate constrained by the delay spread of the wireless channel,
in order to avoid inter-symbol interference (ISI). Inspired
by the block transmission and frequency domain equation
in coherent communications, this paper proposes a block
structure of TRPC, with the objective to increase the date
rate. The key idea is to create a block of TRPC symbols,
with a symbol duration shorter than the channel delay spread,
and a guard interval in front of the block formed by either a
zero prefix (ZP) or a cyclic prefix (CP). At the receiver side,
minimum mean squared error (MMSE) based block algorithms
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1 TRPC (Pilot/Data) block 100 𝑛𝑛𝑛𝑛 (8000 samples) 
= 4 prefix symbols + 16 modulated symbols

 

4.2 𝑛𝑛𝑛𝑛 blank 
(336 zero samples)

1 frame = 2 pulses (1 ref + 1 data)

8 pulses  8𝑇𝑇𝑝𝑝 = 0.8 𝑛𝑛𝑛𝑛 
(64 samples)

1 TRPC symbol T𝑆𝑆 = 5 𝑛𝑛𝑛𝑛 (400 samples)

16 TRPC symbols 80 𝑛𝑛𝑛𝑛 (6400 samples)

× 16× 4
GI prefix: 4 TRPC symbols
 20 𝑛𝑛𝑛𝑛 (1600 samples)

1 Time slot = 1 Pilot block + several Data blocks

Time slot 1 Time slot 2 Time slot 3 Time slot 4

GI Pilot block GI Data block GI Data block

Bandwidth =  10𝐺𝐺𝐺𝐺𝐺𝐺; 𝑇𝑇𝑝𝑝 = 0.1 𝑛𝑛𝑛𝑛; 
Prefix overhead =  25%
𝐹𝐹𝑠𝑠 = 80 𝐺𝐺𝐺𝐺𝐺𝐺; 1 sample= 0.0125 𝑛𝑛𝑛𝑛

(1 bit BPSK)

Fig. 1. TDMA for a TRPC Block Transmission example with system
bandwidth of 10 GHz, pulse duration Tp = 0.1 ns, consisting of 16 modulated
symbols and a prefix overhead of 25%. Symbol duration Ts = 5 ns, which
is equivalent to 400 samples given Fs = 80 GHz.

are developed to deal with ISI within the block, while inter-
block interference (IBI) is handled by the guard interval.

The rest of the paper is organized as follows. The system
model is given in Section II. Section III formulates channel
estimation and equalization (CEE). Section IV presents simu-
lation results. Section V draws the conclusions.

II. SYSTEM MODEL

The proposed block-based TRPC design is shown in Fig. 1.
Transmission time is divided into slots, with the channel
assumed stable during each slot. One time slot begins with a
pilot block followed by several data blocks, where a block has
a guard interval (GI) in the front. Please note that although the
block structure looks similar to orthogonal frequency division
multiplexing (OFDM), it is time-domain single carrier block
transmission. The receiver first removes the guard interval and
performs autocorrelation for the symbols in each block. The
subsequent ISI processing will be detailed in the next sections.
The structure of a single TRPC symbol is described in [4]. A
TRPC transmission block is formed by N symbols, each of
which has a duration of Ts. The i-th TRPC symbol in a block
is composed of Np pulses, denoted by p(t), with a duration
of Tp, i.e.,

si(t) =

Np/2−1∑
m=0

p(t− 2mTp) + bip(t− (2m+ 1)Tp), (1)

with (i− 1)Ts < t < iTs. The BPSK modulated data bi takes
values of +1 or −1. The pulse cluster of the i-th symbol has
a duration of NpTp < Ts, and the rest of the symbol duration
is zero. The transmitted signal of one block is given by

s(t) =
N−1∑
i=0

si(t− iTs). (2)

In this paper, the multi-ray THz channel model developed
using ray tracing method [15] is adopted, which captures
rough surface scattering while considering attenuation due to
molecular absorption of the atmosphere. The main advantage
of the selected model is that it conserves the energy of
the channel impulse response, regardless of the number of

h0 h1h1h0

h0
h1

h2
h3

Tx

Rx

S1 TRPC S2 TRPC

S3 TRPC S4 TRPC

h0 h1 h2 h3 h3h1h0 h2h2

0 10Tp
Ts Ts+10Tp
Ts+5Tp 2Ts+20Tp

2Ts+5Tp 3Ts+20Tp
2Ts 2Ts+10Tp 3Ts+5Tp

3Ts 3Ts+10Tp

D1 D2 D3 D4

Autocorrelation
Interval

(a) (b)

t

Fig. 2. An example of a TRPC block consisting of four symbols transmitted
via a multi-path channel (a) Four-tap example channel (b) Received signal
affected by ISI and auto-correlation interval for each symbol

launched rays in the ray-tracing simulator, or the size of the
tiles for the scattering surface. The received signal is given by

r(t) =

L−1∑
l=0

hls(t− τl) (3)

where hl and τl = klTp are the complex gain and the
discretized delay of the l-th path, respectively, and kl is an
integer.

III. CHANNEL ESTIMATION AND EQUALIZATION FOR
BLOCK TRPC IN THZ BANDS

At the receiver, after removing the GI, for each symbol, an
autocorrelation decision variable is computed. The autocorre-
lation for the n-th symbol is given by

Dn =
∑
j

∫ (n−1)Ts+T end
j

(n−1)Ts+T start
j

r∗(t)r(t− Tp)dt. (4)

To simplify, set T start
j = τj + Tp and T end

j = τj + T I
j ,

where T I
j is the integration interval for the j-th significant

cluster (tap) within the symbol duration Ts. To clearly illustrate
the autocorrelation output in a block transmission and the
subsequent channel estimation with equalization, we use a
simple example of channel realization to show the process. In
particular, a TRPC block of four symbols si, i ∈ {1, 2, 3, 4}
is transmitted through a four-tap channel h(t). Each symbol
has Np = 8 pulses. The channel’s tap delays are expressed in
terms of Tp as follows

τ0 = 0, τ1 = 10Tp, τ2 = Ts + 5Tp, τ3 = 2Ts + 20Tp, (5)

where τ0 is set to 0 since the first tap delay can always be
compensated by proper synchronization. The channel delays
are illustrated in Fig. 2. In the autocorrelation step, it is
assumed in this example that the integration interval should
cover the main taps of the channel and less than symbol
duration Ts, which means Ts should be larger than the delay
spread of significant paths, i.e., T start

j , T end
j < Ts. The case in

which the collected energy from delayed copies of the signal
spread into subsequent symbols, i.e., T start

j > Ts, may be
needed if the delays of significant channel taps are larger
than Ts. As shown in Fig. 2, the h3 copy is not collected
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in autocorrelation of the first symbol and hence no useful
signal energy from this tap is collected. Besides, since h3 does
not collide with the multipath copies of the other symbols, it
causes no ISI to other symbols. On the other hand, h2 path
energy is also not collected for the first symbol; however, it
creates ISI to the subsequent symbols due to overlapping.
Assuming the integration interval that covers all the seven
TRPC pulses Tp to 8Tp, the autocorrelation for the first
symbol, ignoring the thermal noise, is given by

D1 =
�
j

� T end
j

T start
j

r∗(t)r(t− Tp)dt

=

� 8Tp

Tp

h∗
0s

∗
1(t)h0s1(t− Tp)dt+

� τ1+8Tp

τ1+Tp

h∗
1s

∗
1(t− τ1)h1s1(t− τ1 − Tp)dt

=(|h0|2 + |h1|2)Esb1 = u0b1,

(6)

where Esb1 =
� 8Tp

Tp
s∗1(t)s1(t−Tp)dt and u0 = (|h0|2+|h1|2).

Next, the autocorrelation output for the second symbol is given
by (7), where u1b1 and I2 represent adjacent ISI and other
partial interference, respectively. Similarly, the value of D3

and D4 can be computed while replacing b2 by b3 or b4, and
b1 by b2 or b3. The values of ρ21, ρ12, ζ21, ζ12 also depend
on b1, b2. For D3, the values of ρ32, ρ23, ζ32, ζ23 depend on
b2, b3. Likewise, in D4, ρ43, ρ34, ζ43, ζ34 depend on b3, b4. The
autocorrelation values can be rewritten as

D1 = u0b1 + I1,with I1 = 0,

D2 = u0b2 + u1b1 + I2,

D3 = u0b3 + u1b2 + I3,

D4 = u0b4 + u1b3 + I4.

(8)

If a zero prefix (ZP) is used in front of b1 of the block, the
equations can be given in a matrix form as

D =



D1

D2

D3

D4


 =



u0 0 0 0
u1 u0 0 0
0 u1 u0 0
0 0 u1 u0






b1
b2
b3
b4


+



I1
I2
I3
I4


 = Uzb+ I.

(9)

In case of a cyclic prefix (CP), the matrix form is given by

D =



D1

D2

D3

D4


 =



u0 0 0 u1

u1 u0 0 0
0 u1 u0 0
0 0 u1 u0






b1
b2
b3
b4


+



I1
I2
I3
I4


 = Ucb+ I.

(10)

The CP/ZP length is determined by the channel root-
mean-square delay spread. Then to ensure a desirable CP/ZP
overhead rate, the block length is chosen. In the example
channel, 4 CP/ZP symbols are necessary and to achieve 25%
overhead, the TRPC block length can be 16 symbols. In (10),
the noise and interference power are important factors in the
autocorrelation process. Therefore, the MMSE CEE is a good
fit to balance the trade-off between ISI and noise amplification.

Moreover, a larger number of u’s can be considered if inter-
ference from additional previous symbols is to be included.
Using a pilot block P to estimate the equivalent channel u’s,
the autocorrelation output matrix DP is given by

DP = PU + I + n, (11)

which can be expressed as the following for the described
example assuming CP,



DP1

DP2

...
DP15

DP16



=




P1 P16 P15 P14

P2 P1 P16 P15

...
...

...
...

P15 P14 P13 P12

P16 P15 P14 P13






u0

u1

u2

u3


+




I1
I2
...

I15
I16



+ n.

(12)

The goal of the MMSE channel estimation is to find a
weight matrix WP

MMSE that minimizes the mean squared
error between matrix U and the weighted received signal
WP

MMSEDP . The MMSE weight matrix can be computed as

WP
MMSE = PH(PPH +N0Q)−1, (13)

where PH is the Hermitian transpose of P , N0 is the variance
of interference I and noise n , and Q is the identity matrix. The
estimated equivalent channel vector ÛMMSE =

�
û0û1û2û3

�′
can be obtained by

ÛMMSE = WP
MMSEDP . (14)

For data detection, the autocorrelation output matrix D of one
data block is written as

D = U bb+ I + n (15)

where U b = circ(u0, 0, . . . , u3, u2u1) assuming the channel
u’s remain the same in data blocks and the pilot block. The
detected transmitted signal is given by

b̂MMSE = W b
MMSED (16)

where

W b
MMSE = (Û b

MMSE)
H [Û b

MMSE(Û
b
MMSE)

H +N0Q]−1

(17)

and Û b
MMSE = circ(û0, 0, . . . û3, û2û1) is a 16× 16 circulant

matrix with the estimated equivalent channel coefficients û’s
from (14), given CP is used.

IV. SIMULATION RESULTS AND DISCUSSION

A. Simulation Settings

This section compares the performance of the proposed
TRPC block transmission with CEE and the original TRPC
[4] in THz channels. The coefficients and time delay of
the simulated THz channels at 0.3, 0.7, and 0.85 THz are
illustrated in Fig. 3. The environment is a small office room
with a dimension of d1 × d2 × d3 = 16.75 × 35.9 × 3 m3

featuring rough plaster or wallpaper walls [15]. The roughness
parameters follow coherence length L = 1.3 mm, rms hight
σ = 0.05 mm for plaster, and L = 2.3 mm, σ = 0.13 mm
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D2 =

∫ Ts+τ0+8Tp

Ts+τ0+Tp

[
h0s2(t− Ts − τ0) + h1s2(t− Ts − τ1) + h2s1(t− τ2)

]∗
[
h0s2(t− Ts − τ0 − Tp) + h1s2(t− Ts − τ1 − Tp) + h2s1(t− τ2 − Tp)

]
dt

+

∫ Ts+τ1+8Tp

Ts+τ1+Tp

[
h0s2(t− Ts − τ0) + h1s2(t− Ts − τ1) + h2s1(t− τ2)

]∗
[
h0s2(t− Ts − τ0 − Tp) + h1s2(t− Ts − τ1 − Tp) + h2s1(t− τ2 − Tp)

]
dt

=

∫ 8Tp

Tp

|h0|2s∗2(t)s2(t− Tp)dt+

∫ 8Tp

Tp

|h1|2s∗2(t)s2(t− Tp)dt

+

∫ 8Tp

Tp

[
h∗
0s

∗
2(t)h2s1(t− 6Tp) + h∗

2s
∗
1(t− 5Tp)h2s1(t− 6Tp) + h∗

2s
∗
1(t− 5Tp)h0s2(t− Tp)

]
dt

+

∫ 8Tp

Tp

[
h∗
1s

∗
2(t)h2s1(t+ 5Tp − Tp) + h∗

2s
∗
1(t+ 5Tp)h2s1(t+ 5Tp − Tp) + h∗

2s
∗
1(t+ 5Tp)h1s2(t− Tp)

]
dt

= (|h0|2 + |h1|2)Esb2 + |h2|2pEsb1 + h∗
0h2ρ21 + h∗

2h0ρ12 + h∗
1h2ζ21 + h∗

2h0ζ12 = u0b2 + u1b1 + I2.

(7)

0 500 1000 1500 2000 2500 3000

Time delay (sampling periods)

0

0.2

0.4
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0.8

1

1.2
10-5 Channel coefficients and time delay of THz channels

fc = 0.3 THz

fc = 0.7 THz

fc = 0.85 THz

Fig. 3. Channel coefficients and time delay of THz channels used in
simulation

for wallpaper [16]. The channel has five clusters, including
light-of-sight and reflections from four surrounding walls. Four
rough surface areas with dimensions lx = ly = 50L centered
around the specular reflection point on the four walls are
considered. The rough surface is divided into N×M = 51×51
small square tiles, each of which generates a diffuse scattering
ray. The transmitter and receiver distance is d = 6 m. From
Fig. 3, the total path gain decreases as the frequency increases
due to the spreading loss. The simulation settings are summa-
rized in Table I. Note that the simulation sampling rate 80 GHz
is 8 times oversampling to a single pulse in the pulse cluster of
bandwidth 10 GHz, simply to represent the analog waveform
of a single pluse in Matlab simulation. The receiver’s actual
analog-to-digital rate is the same as the inverse of the symbol
duration. That is, the decision variable at the autocorrelation
analog output is sampled at the symbol rate, much lower than
the pulse bandwidth 10 GHz. The symbol duration is expressed
in terms of the number of samples with 80 GHz simulation
sampling rate in the paper.

One TRPC symbol consists of eight pulses with a duration
of 0.8 ns (64 samples) followed by a blank duration which can
be expressed by zero samples. The length of the blank duration
is adjusted to change the symbol duration. The choice of prefix

TABLE I
SIMULATION PARAMETERS

Parameter Description
Center frequency fc 0.3, 0.7, 0.85 THz

Bandwidth BW 10 GHz
Pulse duration Tp 0.1 ns

Simulation sampling rate Fs 80 GHz
Channel Ray-tracing based THz channels

with diffused scattering
Channel estimation MMSE estimated CSI

by CN-dedicated pilot signal
Channel equalization MMSE

Modulation BPSK
Modulated symbol duration 115− 190 samples

Block size 16 symbols/block
Prefix length 25% of block length

Channel coding N/A

length is determined by the channel delay spread. For the THz
channel simulated, 4 symbol long prefix is sufficient given the
range of symbol duration studied. Once the prefix length is
chosen, the pilot and data block length is four times of prefix
length, considering a prefix overhead of 25%. Fig. 1 depicts
the length of one data and one pilot block in terms of samples.
A time slot starts with a pilot block, followed by multiple data
blocks, given the stable channel in the time slot. In the TRPC
demodulation process, the autocorrelation integration intervals
are decided based on the significant channel segments, whose
amplitudes are higher than a set threshold. The autocorrelation
length does not exceed the symbol duration.

The pilot signal is transmitted with 10 dB higher power to
improve the accuracy of estimated u values. The MMSE CEE
algorithms with two and four u values are tested for equiv-
alent channel estimation with both ZP and CP. For channel
equalization, the value of noise and interference variance N0

in (11) and (15) is set to 0.5. The simple BPSK modulation
scheme is adopted. The performance of the proposed scheme
varies depending on the center frequencies, channels, sym-
bol duration, and pilot patterns. Four pilot patterns, selected
heuristically based on the arrangement of 1s and the number of
subsequent 0s, are given in Table II. The optimal pilot patterns
for different symbol duration, data rate, and carrier frequencies
are summarized in Table III. A detailed study of optimal pilot
patterns will be addressed in future work.
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TABLE II
PILOT PATTERNS

No. Pilot pattern No. Pilot pattern
1 0111101111101010 2 0111101111011111
3 0111101111100000 4 0111101110010010

TABLE III
SELECTED PILOT PATTERNS FOR DIFFERENT SYMBOL DURATIONS,

CENTER FREQUENCIES, AND DATA RATE VALUES

Data rate Symbol duration fc Selected
(Mbps) (samples) (THz) pilot pattern
420 190 0.3/0.7/0.85 4/1/2
520 153 0.3/0.7/0.85 3/3/3
600 133 0.3/0.7/0.85 3/4/4
630 126 0.3/0.7/0.85 3/4/3
690 115 0.3/0.7/0.85 3/3/3

B. Simulation Results And Discussion

Next, the bit error rates versus the received SNR of the
selected schemes in the THz channels with various symbol
durations are shown in Figs. 4-8. To clearly benchmark the
benefits of prefixes and CEE algorithms, phase noise will be
temporarily disregarded in this section. The overall trend indi-
cates that as the symbol duration decreases, the performance of
all schemes degrades due to higher ISI. Some observations can
be drawn as follows. First, the effectiveness of using prefixes
alone without CEE algorithms is limited, particularly in the
case of CP. Indeed, block TRPC with CP only usually has the
same performance as the original TRPC, as shown in most
of the figures. It is because although prefixes can help reduce
IBI from the preceding block on the succeeding block, the
CP itself introduces interference to the subsequent one. Block
TRPC with ZP, on the other hand, offers a slight improvement
in BER over the original TRPC, as ZP does not introduce
interference to the later symbols. This trend, shown in Figs.
4(a), 5, and 6(a), indicates that ZP alone is effective at shorter
symbol durations, where IBI dominates over ISI, particularly
in scenarios with higher channel gains at 300 GHz.

Secondly, including CEE algorithms along with the prefixes,
the impact of THz channels is markedly reduced, especially
at 300 GHz. Indeed, as illustrated in Figs. 4(a)-8(a), for all
symbol duration values at 300 GHz, the block TRPC with
’CEE and prefixes’ schemes outperform the original TRPC
and block TRPC with ’prefixes only’ by a large margin. For
fc = 0.7 and 0.85 THz, the proposed algorithms demonstrate
higher performance gains as the symbol duration values get
shorter. Specifically, the performance gain becomes noticeable
as the symbol duration decreases from 153 (Figs. 5(b),(c)) to
115 (Figs. 8(b),(c)). In contrast, at longer symbol durations,
such as 190 (Figs. 4(b),(c)), the effectiveness of ’CEE and
prefixes’ is less pronounced. This difference is expected, as
the ISI is less severe at the longer symbol durations due
to the smaller channel delay spread when fc = 0.7 and
0.85 THz. However, at 300 GHz, as shown in Fig. 3, the
channel has higher coefficients at long delays, which gives
rise to harsh ISI even at long symbol duration rates. As can
be seen in Figs. 4(b), 5-7, among the transmission schemes

15 16 17 18 19 20 21
10

-6

10
-4

(a) fc = 300 GHz

8 9 10 11 12 13 14 15 16
10

-6

10
-4

10
-2

(b) fc = 700 GHz

7 8 9 10 11 12 13 14 15 16
10

-6

10
-4

10
-2

(c) fc = 850 GHz

Org. TRPC

Blk. TRPC w CP, No CEE.

Blk. TRPC w ZP, No CEE.

Blk. TRPC w CP, MMSE 4u CEE.

Blk. TRPC w ZP, MMSE 4u CEE.

Received SNR (dB)

B
E

R

Fig. 4. BER of Original TRPC vs Block TRPC with prefixes and CEE; BPSK;
Symbol Duration = 190 samples; fc = 0.3, 0.7, 0.85 THz.

employing both CEE and prefixes, the MMSE 4u, generally
achieves lower BER, benefiting from more precise u-value
estimation. The only symbol duration, in which MMSE 2u
provides a better performance, is 115 as shown in Fig. 8(a).
Additionally, CP tends to offer slightly better performance
than ZP, owing to its cyclic structure. However, these trends
are not always consistent, as the performance may vary with
center frequencies, channel conditions, symbol durations, and
pilot patterns. The impact of phase noise can be mitigated
by the autocorrelation in (4). Moreover, the complexity of
Block TRPC is expected to be lower than that of other
single-carrier waveforms, such as DFT-s-OFDM and SC- FDE,
due to the additional DFT/IDFT blocks required in their
processing chains. An in-depth analysis of phase noise effects
and complexity will be presented in future work.

V. CONCLUSIONS

The proposed Block TRPC achieves higher data rates and
enhances error performance compared to the original TRPC
by incorporating prefixes and utilizing MMSE-based channel
estimation and equalization. Additionally, the block struc-
ture would facilitate multiple access through TDMA. These
advantages position block TRPC as a promising waveform
for future THz communication systems. The performance of
Block TRPC and other single-carrier waveforms under the
influence of severe THz channels and phase noise will be
considered in a future work.
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