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ABSTRACT 

Considerable development of different communication services requires a higher data rate 

and secure transmission for mobile users. Sometimes it is very difficult to deliver full information 

without information leakage to the user, there may be some huge obstacles to block the direct 

connection between transmitter and receiver. Moreover, there may be an eavesdropper is present 

near to the mobile user who can determine critical information while sending. At the receiver side, 

accurate channel estimation is necessary to obtain the information perfectly. 

 Intelligent reflecting surfaces (IRSs) are an arising innovation that empowers tunable 

abnormal dissipating of incident electromagnetic waves. This grants dynamic control of the 

propagation environment and presents an extra enhancement measurement to wireless 

communication networks. In this paper an Intelligent reflecting surface (IRS) assisted Terahertz 

(THz) communication is considered. IRS act as a mediator between transmitter and receiver. For 

high carrier frequency applications, a terahertz frequency band is used, which promises extensive 

bandwidth (0.1-10 THz). Compared to other techniques THz permits higher link directionality and 

offers lower eavesdropping chances. The IRS is a rising strategy for extending signal coverage and 

can defeat high path loss of THz systems. Here Compressive sensing (CS) technique is using to 

obtain the channel estimation. 

 

Keywords: Terahertz , Intelligent reflecting surface, Discrete phase shift, Compressive sensing, 

Beam Squint Effect, Beam Forming 

 

1 INTRODUCTION 
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The wireless communication’s frequency spectrum has been persistently growing trying to 

fulfill the consistently expanding bandwidth requests. While millimeter-wave (mmWave)- band 

communications are now moulding the fifth-generation (5G) of wireless communications, 

terahertz (THz)- band communications are required to assume a fundamental part later on 6th 

generation (6G) and past. Thusly, THz-related examination has pulled in critical funding, and 

standardization efforts have been dispatched. In the radio-frequency (RF) spectrum, between the 

optical bands and microwave band the THz band is inserted.   Subsequently, advancements from 

the different sides are being explored to help THz communications. 

 

1.1 Why IRS & THz 

Intelligent reflecting surface (IRS) is an exceptionally encouraging innovation for the 

improvement of past 5G or 6G wireless communications because of its low intricacy, insight, and 

environmentally friendly power energy-proficient properties. Intelligent reflecting surface (IRS) 

involving a huge number  of passive reflecting elements is arising as a promising innovation for 

understanding a shrewd and programmable remote engendering climate by means of programming 

controlled reflection . With a controller, every component can autonomously reflect the occurrence 

signal with a reconfigurable amplitude what's more, phase shift. By appropriately changing the 

phase shifts of the passive elements, the reflected signals can add soundly at the ideal recipient to 

improve the signal power.  

Terahertz (THz) transmission is an integral wireless innovation for correspondence 

organizations, which permit high velocity wireless expansion of the optical filaments for Beyond 

5G. The terahertz band (0.3 THz to 10 THz) is the upcoming frontier in wireless communications 

for its capacity to open fundamentally more extensive sections of unused bandwidth. In spite of 

the fact that radio channels over 100 GHz are generally secret, a few rapid terahertz 

correspondence joins have been exhibited in recent years. 

THz frameworks can uphold higher link directionality, are less defenseless to free-space 

diffraction furthermore, between inter-antenna interference, can be acknowledged in a lot more 

modest impressions, and have higher strength to eavesdropping. On the other hand, contrasted 

with visible light communications (VLC), THz signals are not seriously influenced by arrangement 
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issues, encompassing light, environmental disturbance, glimmer, haze, and brief spatial variety of 

light force. THz communications would thus be able to supplement both mm Wave and VLC by 

giving option semi optical ways. Notwithstanding, because of critical water fume assimilation over 

1 THz, normally, a gap may consistently exist for wireless communications at the high finish of 

the THz range. 

 

 

 

Fig I: Electromagnetic Spectrum & Wavelength of Terahertz waves 

 

From fig II it is clear that messages from source antenna can send to the destination through 

IRS surface. THz communications have some challenges when it is applied to indoor applications. 

Because of serious path attenuation and strong directivity of THz waves, the line-of-sight (LOS) 

THz path will be blocked by the obstacles (e.g., walls, doors, etc). To overcome this, a new 

technique, an Intelligent reflecting surface (IRS) is proposed. It is a physical meta surface, which 

consists of a large number of small-unit reflectors, and this is controlled by a central processor. 

IRS astutely arranges the wireless environment to help the transmissions between the sender and 

receiver, it is extremely simple to introduce IRS in dividers, building exteriors, and roofs. Each 

element of the IRS can reflect incident THz waves with an adjustable phase-shift. 
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Fig II: IRS communication 

 

In this paper an IRS-assisted secure frameworks, the IRS intelligently changes its phase 

shifts to guide the sign power to wanted client, and lessen information spillage. To augment the 

secrecy rate, the active transmit beam forming and passive reflecting beam forming were mutually 

planned. Accurate channel state information (CSI) is needed for joint active and passive 

beamforming.to encourage channel estimation, active elements were utilized at the IRS. These 

active elements can operate in a get mode with the goal that they can get episode signals to help 

gauge the BS-IRS channel and the IRS-client channel. IRSs with active elements, in any case, need 

wiring or battery power, which may not be plausible for some applications. For IRSs with all 

passive elements, least square (LS) estimation strategies, were proposed to appraise uplink cascade 

channels. The issue lies in that the cascade channel as a rule has an enormous size. These strategies 

which don't exploit the sparse structure in wireless channels may cause a lot of training overhead. 

Here a sparse representation of the connected BS-IRS-client (cascade) channel. Channel 

estimation can at that point be given a role as a sparse signal recovery issue and existing packed 

detecting techniques can be utilized. 
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1.2  IRS Structure 

Fig III: Architecture of IRS 

 

The profoundly controllable reflection of IRS can be practically achieved by leveraging 

the current digitally reconfigurable/programmable metasurface. Specifically,meta surface is a 

planar array made out of massive appropriately planned reflecting components/meta-atoms whose 

electrical thickness is typically in the order of subwavelength of the signal of interest. By planning 

their math shape (e.g., square or split-ring), size/measurement, orientation, arrangement, and so 

on, wanted signal response (e.g., reflection amplitude and/or phase shift) of each component/atom 

can be realized. Be that as it may, in wireless communication, the channel is generally time-varying 

because of the versatility of the transmitter/receiver as well as the encompassing articles, along 

these lines calling for real time tunable response of IRS based on the channel variation. To this 

end, IRS components should be manufactured with dynamically adjustable reflection coefficients 

and IRS is needed to associate with the wireless network to learn the exterior communication 

climate to enable its real-time adaptive reflection. 
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In Fig. III, we illustrate one typical architecture of IRS, which comprises of three layers 

and a smart controller. The first/outside layer is made out of countless tunable/reconfigurable 

metallic patches imprinted on a dielectric substrate to straightforwardly manipulate episode 

signals. In the second/intermediate layer, a copper plate is usually utilized to limit the signal energy 

leakage during IRS's reflection. It is trailed by the third/inside layer that is a control circuit board 

answerable for energizing the reflecting components as well as tuning their reflection amplitudes 

and/or phase-shifts in real time. Moreover, the reflection adaptation is set off and dictated by a 

smart controller attached to each IRS, which can be carried out via field-programmable gate array 

(FPGA). 

 

The IRS controller also acts as a gateway to communicate with other network segments 

(e.g., BSs/APs and client terminals) through wired or wireless backhaul/control links. In practice, 

to enhance IRS's environmental learning capability, dedicated sensors can also be conveyed in the 

first layer, e.g., interlaced with the reflecting components of the IRS, for detecting the 

encompassing radio signals important to facilitate the smart controller in planning the reflection 

coefficients. In spite of the fact that IRS can be viewed as a reconfigurable metasurface, it broadens 

the traditional uses of metasurface by means of controlling electromagnetic (EM) waves, for 

example, intangibility cloaking,imaging, radar sensing, and visualization , to the new wilderness 

of wireless communication as an imaginative empowering agent for brilliant and reconfigurable 

proliferation climate. Additionally, contrasted and the traditional reflect array where a passive 

mirror/focal point with fixed/reconfigurable bar designs is put in the close to field of the wireless 

handset for saving the dynamic radio wires/RF chains, IRS is deftly situated in the organization to 

help modify the wireless communication channel through savvy reflection. 

 

2 SYSTEM MODEL 

 

2.1 Section A 

In this topic consider an Intelligent reflecting surface (IRS)-assisted terahertz (THz) 

system, where a base station (BS) communicates with its destination (Mobile user) through an IRS, 
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where an eavesdropper is located near to the user. To increase the system secrecy rate, jointly 

consider transmit beam forming (is used at the base station) and the reflecting beam forming (at 

the IRS). To control the signal power to the required user the IRS modifies its phase shifts, and it 

will reduce information leakage. For the secure transmission of confidential signals and to protect 

this from eavesdropping, an IRS using a smart controller.  

 

The Base station has several antennas that send messages to mobile users (here single 

antenna) and there is a single antenna eavesdropper is located near to user. There is a huge block 

between BS and mobile user (or Eavesdropper). IRS has a large number of low-cost passive 

elements, they can reflect the incident signal independently providing with a phase shift. Here 

assuming IRS has several reflecting elements which is mounted on a building near to the 

destination. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig IV : IRS Assisted Terahertz communication to single User in the presence of Eavesdropper 
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2.1.1 Beam forming 

Enormous development in the quantity of wireless devices, just as their transmission rates 

or high-dependability traffic requests,are persistently difficult future (five and six-age) cell 

organizations to develop more energy-effective  what's more, spectral-efficient arrangements and 

structures. A solitary antenna broadcasting a wireless signal radiates that signal every which way. 

That's the nature of how electromagnetic waves work. Yet, what on the off chance that you wanted 

to center that signal a particular way, to frame a targeted beam of electromagnetic energy? One 

method for doing this includes having numerous antennas in closeness, all broadcasting the same 

signal at marginally various occasions. The overlapping waves will deliver impedance that in 

certain areas is useful (it makes the signal more grounded) and in different areas is ruinous (it 

makes the signal weaker, or undetectable). Whenever executed accurately, this beamforming 

interaction can center your signal where you want it to go. By centering a signal a particular way, 

beamforming allows you convey higher signal quality to your receiver which in practice means 

faster information transfer and less blunders without expecting to support broadcast power. That's 

basically the sacred goal of wireless networking and the goal of most methods for improving 

wireless communication. As an added advantage, because you're not broadcasting your signal in 

headings where it's not required, beamforming can decrease obstruction experienced by 

individuals attempting to get different signals. 

 

2.1.2   Channel Model & Signal Model 

 

Firstly, develop the channel model. BS – IRS channel, IRS- User/eavesdropper channel. It 

is accepted that the IRS with N reflecting components is introduced on some buildings around the 

receiver. In this way, the LoS way is predominant for the BS-IRS channel and the position one 

channel model is adopted. 

 

HH
BI  = √𝑀𝑁 𝛼B GrGtabH 
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Here 𝛼B is the complex channel gain Gr is the received antenna gain and Gt is the transmit 

antenna gain.  a∈ ℂ N×1 and  b∈ ℂ N×1 denote the array steering vector at IRS and BS. IRS- 

User/eavesdropper channel is  

gk = √
𝑁

𝐿
 ∑ 𝛼𝐿

𝑖=1 k,iG
k

rG
k

Iak,I 

 

Where k = {𝐷, 𝐸} , L is the number of path from IRS to k . ak,I is the transmit array steering 

vector at IRS.  

Then develop the signal model, the BS transmits a signal to the IRS with a particular power 

and the IRS can reflect the incident signal independently providing a phase shift. IRS makes phase 

shifts (discrete phase shifts) of each reflecting element, and it will reflect the signal to the user. 

After that to maximize the secrecy rate, consider jointly the transmit beam forming and reflecting 

matrix.  

The BS transmits signal s with power Ps to an IRS. Here IRS will adjust phase shift of each 

reflecting element, which will help the reflecting signal to reach the receiver. Assume that  

Ѳ = {ejɵ1,ejɵ2…….ejɵN} is the reflecting matrix, ɵi is each element’s phase shift. Here the discrete 

phase shifts are considered. At the User/Eve the signal received can be written as 

yD = gH
D ѲHH

BI  ws + nD 

Where 𝔼 {|s|2} = 1 and nD is the noise at receiver and w is the transmit beam forming at the BS. 

The received signal at eavesdropper is 

YE = gH
E ѲHH

BI  ws + nE 

nE is the noise at eavesdropper. Then the system secrecy rate is 
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This secrecy rate can maximize using the reflecting matrix and transmit beam forming (Joint 

optimization) 

 

 

 

 

The problem P1 is converted to two sub problems, because of the coupled variables (w, Ѳ) it is 

very difficult to solve this directly. 

 

 

2.1.3 Maximizing the Secrecy Rate 

The problem P1 is divided in to two, first obtain w which is transmit beam forming, then 

the reflecting matrix design. For reflecting matrix here I am using SDP algorithm and BCD 

algorithm. 

 

A. TRANSMIT BEAM FORMING DESIGN 

The idea of beam forming is to direct the transmitted signal toward the proposed user; along 

these lines, the receiver will be the lone party to recuperate the wanted signal from the overlay 

signal. Physical security can be achieved because the probability of an eavesdropper getting the 

transmitted signal will be smaller than when utilizing conventional antennas Channel from BS to 

IRS is assumed as rank one channel model. The equation for beam forming is 

 

 

 

 

The suboptimal problem of w  is   
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Which is completely independent of reflecting matrix design. The solution of transmit beam 

former is  

 

The target of transmit beam forming is to maximize each client's received signal power 

while limiting the interference signal power from different clients, subsequently increasing 

capacity and secrecy rate. Also Transmit beam forming is a versatile strategy for signal 

transmission from a variety of N  antennas to one or different users. In remote communications, 

the objective is to build the signal force at the proposed user and decrease interference to non-

planned users. 

From these equations it is clear that secrecy rate increases as the Ps increase, because from 

the suboptimal problem w increases with Ps. Power controlling of the uplink and downlink signals, 

utilization of the information of the training sequence, and improvement of the signal quality by 

beam forming antenna components enable capacity enhancements. 

 

B. REFLECTING MATRIX DESIGN 

As the reflecting elements increase then the reflecting beams should be more sharper which 

can improve the information security. Tuning the reflection coefficient persistently is beneficial 

for streamlining the communication performance.  

First here defining θ^ = [ejɵ1,ejɵ2…….ejɵN]T and  Ѳ = diag{θ^} .  The reflecting matrix 

equation is rewritten as P2.2 , The variable θi only takes a finite number of values 

 

 

 

 

 

 

The reflection amplitude and phase-shift coupling has a great impact on the optimal 

reflection coefficient plan of IRS reflecting components, as it needs to find some kind of harmony 

between the signal amplitude and phase reflected by each component to such an extent that the 
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reflected signals by all IRS components are joined at the receiver with maximum power or 

achieving maximum signal-to-noise ratio (SNR).  

 

Due to the complexity of solving P2.2 two algorithms can develop SDP algorithm and 

element wise block coordinate descend method. SDP based strategy is created to tackle the 

localization issue in wireless networks utilizing deficient and inaccurate distance information. The 

issue is set up to track down a bunch of user positions to such an extent that given distance 

constraints are satisfied. The non convex constraints in the formulation are then relaxed to yield a 

semi definite program which can be tackled productively. The BCD method is a separation and-

conquer strategy that can be by and large applied to non-direct streamlining issues. It partitions 

factors into a few disjoint subgroups and iteratively limit the target work as for the factors of every 

subgroup at a time. 

 

2.2 SECTION B 

 

2.2.1 Compressive Sensing  Channel Estimation 

Coherent detection in wideband mobile communication frameworks regularly requires 

accurate channel state data at the receiver. The investigation of channel estimation for the reasons 

for channel equalization has a long history. In numerous investigations, thickly conveyed channel 

impulse response was frequently expected. Under this assumption, it is important to utilize a long 

preparing arrangement. Also, the direct channel estimation strategies, like least square (LS) 

calculation, consistently lead to bandwidth shortcoming. It requires another technique to create 

more bandwidth efficient strategy to obtain channel data. 

 

Compressive sensing is a subject that has acquired a lot of consideration in the applied 

mathematics and signal processing networks. It has been applied in different regions, like imaging, 

radar, discourse acknowledgment, and information obtaining. In correspondences, compressive 

sensing is generally acknowledged for sparse channel estimation and its variations. Compressive 

Sensing (CS) is a signal processing channel estimation technique for efficiently obtaining and 
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reconstructing a signal. Compared to other techniques it has many advantages. Such as reduction 

of the sampling rate for sparse signal and reconstruction of the signal by removal of noise and 

other artifacts, moreover, it uses very few iterations. 

 

Terahertz (THz) communication is another arising innovation which can possibly fulfill the 

consistently developing requests for high information rates. In any case, transmission over the THz 

channel is a troublesome errand since perfect channel state information (CSI) isn't accessible in 

genuine frameworks. Because of the great transmission rate and a high sub-atomic assimilation, 

spreading loss and reflection loss, the discrete-time channel impulse response (CIR) of the THz 

channel is extremely long and shows an around sparse characteristic. Customary least-squares (LS) 

channel estimation doesn't incorporate the sparsity assumption into the estimation cycle. 

Therefore, in this work, sparse channel estimation for THz transmission model situation utilizing 

compressive sensing (CS) methods will examine. 

 

Consider channel estimation for intelligent reflecting surface (IRS)- terahertz (THz) 

systems, Here IRS is used to direct the data from the base station (BS) to a user. To minimize the 

training overhead, sparsity inherent in terahertz (THz) channels is taken. Here find a sparse 

representation of the concatenated BS-IRS-user (cascade) channel. Channel estimation can then 

use as a sparse signal recovery problem and for that existing compressed-sensing (CS) methods 

can be used.  

 

As in the previous part here also derive the channel models (BS to IRS and IRS to User) 

and received signal. Compressive sensing channel estimation can use in the cascade channel for 

accurate channel estimation and after a series of transformation, obtain the sparse representation 

of the cascade channel. Here the channel estimation problem is converted to a sparse signal 

recovery problem, for that Orthogonal matching pursuit (OMP) algorithm can be employed. After 

obtaining the sparse signal and estimate the cascade channel by matrix representation. In 

Compressive sensing a set of pilot signals are used to guage the channel. Matching pursuit (MP) 
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is a channel estimation algorithm which tracks down the "best matching" projections of 

multidimensional information onto the range of an over complete (i.e., repetitive) dictionary D. 

The sparse representation of Cascade channel (BS-IRS-user channel) is considered first. Let • 

represents “transposed Khatri-Rao product”, the cascade channel can be expressed as   

   H = diag (gk
H) HH

BI  = gk * • H
H

BI 

Here * represents the complex conjugate.  By using the Kronecker product the above 

equation can be converted in to 

H = D (𝛼 *⨂ ∑) FL
H   

Here α and ∑ and their kronecker product is sparse, After continuous transformation the 

sparse representation of cascade channel can obtain. Orthogonal matching pursuit algorithm can 

uses this sparse formula and find out the original cascaded channel. Orthogonal matching pursuit 

algorithm is an iterative algorithm: it discovers x component by-component in a  bit by bit iterative 

way. It is a greedy algorithm: at each stage, the issue is settled ideally to obtain the channel 

estimation performance it is possible to compare OMP algorithm channel estimation output with 

conventional LS estimator. Based on SNR values Better channel estimation can find. To 

accomplish a reliable connection, the signal level must be essentially more noteworthy than the 

noise level. A SNR more noteworthy than 40 dB is viewed as excellent, while a SNR under 15 dB 

may bring about a sluggish, unreliable connection. At the point when the SNR builds, the channel's 

data throughput additionally increments. This implies that for a given signal level, an expansion 

in noise will diminish the data throughput. The higher the noise level, the less space there is for 

the genuine data that is being communicated on the channel. 

 

3. BEAM SQUINT EFFECT AVOIDING FOR IRS 

IRS usually have a beam squint  effect problems, which means it is an un focusing of the 

antenna across recurrence when  use phase shift, rather than a genuine time delay, to direct the 

beam. Because of the intrinsic passive property, the phase shifts of all components in IRS ought 

to be something similar for all frequencies. Notwithstanding, in the wideband situation, beam 

squint prompted particular path phases require planning distinctive phase shifts for various 
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frequencies. The above hopeless logical inconsistency will drastically influence the framework 

execution, considering the IRS normally comprises of huge components and the bandwidth of 

wideband THz interchanges might be up to a few high frequency range. In this way, another phase 

shift configuration plans for moderating the impact of beam squint for both line-of-sight (LoS) and 

non-Los (NLoS) situations. In particular, for the LoS situation, first and foremost consider the 

ideal phase shift for every frequency and will get the normal phase shift by augmenting the upper 

bound of reachable rate. Then, for the NLoS situation, a mean channel covariance matrix (MCCM) 

based plan can propose by completely exploiting the connections between both the paths and the 

subcarriers.  

 

Beam squint addresses the spatial bearing of a beam changes with the recurrence, which 

brings about unmistakable contrasts between the path phases on various frequencies. Be that as it 

may, the close passive IRS is applied in the time area, along these lines the phase shifts are 

compelled to be something very similar for all frequencies, which will force colossal performance 

losses.  Both the LoS scenario and the non-LoS (NLoS) scenario between the IRS and the user will 

consider. In particular, for the LoS scenario, the ideal phase shift for every frequency can right off 

the bat determine. Then, by boosting the acquired upper bound of the entirety feasible rate, a close 

ideal phase shift configuration plot  which is just founded on the drawn out point data. Furthermore, 

for the NLoS scenario, by completely abusing the relationships between both the paths and the 

subcarriers, here a mean channel covariance matrix (MCCM) based plan for acquiring the regular 

phase shift for everything frequencies can utilize. Performance can evaluate using SNR and 

number of reflecting elements.  

 

4. CONCLUSION 

In this paper I am trying to implement a new technique IRS to maximize the secrecy rate 

of IRS-assisted THz systems while sending confidential messages in the presence of an 

eavesdropper and also to reduce the complexity of THz band channel estimation by using a 

Compressive sensing technique. Here the transmit beam forming will use at the BS and discrete 

phase shifts will implement at the IRS and both have been jointly designed to maximize the system 
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secrecy rate. For secrecy rate maximization and for channel estimations here I am considering 

mainly semi definite programming (SDP) based algorithm  ,the element-wise block coordinate 

descent (BCD) algorithm and Orthogonal matching pursuit (OMP) algorithm. I will Compare 

OMP algorithm channel estimation output with conventional LS estimator. Based on SNR values 

Better channel estimation can find.  
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