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Abstract—One potential candidate technology for Beyond 5G 

(B5G) networks is the reconfigurable intelligent surface (RIS), 

which is easy to install on existing infrastructure such as vehicles 

and buildings. Creating additional paths between the transmitter 

and receiver to improve the received signal accessible to the system 

is one of the significant uses of RIS. A virtual line of sight (VLOS) 

is established through the Tx-RIS-Rx link without the line of sight 

(LOS). RIS technology solves the problem of low coverage in 

millimeter-wave communications. This paper presents the effect of 

the signal-to-noise ratio by changing dimensions. In addition to 

finding the optimal values for the dimensions that give the optimal 

SNR, simulation results prove that the RIS height is greater than 

or equal to half the dimension between the sender and the receiver. 

It is recommended that the RIS height be greater than half the 

distance between the sender and the receiver. 

 

Keywords—reconfigurable intelligent surfaces; millimeter-wave 

environment; signal-to-noise ratio; RIS height; VLOS 

I. INTRODUCTION 

HE goal of every generation of communicators is to use 

new technologies and strategies to accomplish the three 

main pillars. Decrease latency (response time) while increasing 

capacity and transmitting data. For example, scheduling 

algorithms were added in the fourth generation to organize 

better the work involved in reception and transmission [1][2]. 

CoMP technology was introduced to boost signal strength at the 

cell edge and use a higher modulation level for greater 

efficiency [3]-[5]. The fifth generation strives to accomplish 

these objectives using untapped spectrum bands [6]. The most 

prominent of these bands are millimeter waves [7]. Millimeter 

wave technology has had great success in increasing bandwidth 

and increasing data rates [8], but it suffers from significant 

losses due to increased frequency [9]. One of the main ways to 

meet high-speed traffic requirements is to use reconfigurable 

intelligent surfaces (RISs) to create an environment beneficial 

for wireless propagation [10]. However, high-frequency radio 

transmission has poor propagation conditions, large path loss, 

and can be easily blocked [11]. This problem is addressed by 

RISs, which are seen as an achievable solution. RISs are 

considered a new group of planar structures capable of 

processing and reflecting electromagnetic waves that fall on 

them [12].  

The next generation of wireless systems operates in difficult 

propagation settings, such as the millimeter frequency bands, 

which create new, higher-data-rate bands [13]. Since 
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millimeter-wave approaches have an abundance of bandwidth, 

they can handle large data rates, which wireless communication 

systems typically aim to achieve [14][15]. RIS systems were 

created to regulate the wireless communications environment to 

mitigate the many challenges of millimeter wave [16], such as 

millimeter-limited propagation characteristics, high-rise 

buildings in densely populated cities creating shadows, and 

NLOS communication, making high-frequency transmission 

difficult. A VLOS is created through a Tx-RIS-Rx link [17]. 

Establishing extra paths between the transmitter (Tx) and 

receiver (Rx) to improve the system's attainable received signal 

is one of the important uses of RIS as seen in Figure 1 [18]. 

 

 

 

 

 

 

 

 

 

 

Fig. 1. VLOS via RIS 

 

One potentially great feature of B5G telecom networks is 

RIS. It installs easily on vehicles and buildings and is 

reconfigurable as adaptive [19]. RIS arrays consist of several 

components that help beneficially modify the signal propagation 

environment and allow the formation of new pathways [20]. 

Since RIS can reflect or transmit digitally, it can be more 

adaptable to many communication expectations [21]. Since RIS 

does not require a transmitter unit but acts as a matrix to reflect 

the received signal, it does not require any time consumption 

[22]. RIS provides more bandwidth with low power 

consumption [23]. It can also prevent external influences not 

present in cellular environments by controlling intelligent 

variables over the network [24]. RIS helps to increase wireless 

communication coverage and throughput significantly [8]. As a 

result, RIS can improve the network, reduce power 

consumption, and solve the problem of poor coverage in 

millimeter transmission communications [25] [26]. 

The paper included several chief paragraphs after the 

introduction, including related work to the content of this 
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manuscript. The third paragraph contained the communication 

model between the sender and receiver using a virtual line of 

sight. The results and discussion are in the fourth paragraph. 

Finally, the conclusions are in the fifth paragraph. 

II. RELATED WORK 

Equations The importance of RIS becomes apparent when 

there is an obstacle between the sender and the recipient, as RIS 

provides alternative paths in the millimeter-wave environment. 

The dimensions between the transmitter (Tx) and the RIS and 

between the RIS and the receiver (Rx) vary to evaluate signal-

to-noise ratio (SNR) values. These calculations are in cases 

where the transmitter beam footprint is smaller than the surface 

area [27]. Maximize the SNR, taking into account the RIS level 

transmission beam size and the RIS size in both scenarios: in the 

first, when the RIS is smaller than the fingerprint, and in the 

second case, when the RIS is larger than the fingerprint while 

accounting for beam losses. Moreover, an SNR comparison 

between the relay and the surface was performed. Through two 

scenarios, the optimal horizontal placement of the RIS to 

maximize the signal-to-noise ratio was found [28][29]. The 

proposed RIS system consists of 160 elements to operate in the 

anechoic region in the 5.8 GHz band and use a single flat-layer 

reflective array (FLRA) that can scan angles and elevation 

planes. FLRA integrates into a wireless communications system 

to examine beamforming gains, coverage improvements, and 

path loss in real-world outdoor communications environments 

[30]. Reference [31] illustrates how the size of the RIS can 

significantly affect the received power by presenting an 

analytical model that captures the RIS-assisted link 

performance. It also shows the relationship between the size of 

the RIS and the characteristics of the sender packet. Reference 

[32] addresses the problem of RIS deployment in 5G NR/6G 

cellular networks with directed antennas. Reference [33] 

examines downlink coverage with the aid of RIS. One base 

station (BS) and one user device (UE) make up this network. 

The proposed model for improving RIS placement maximizes 

cell coverage by optimizing the RIS direction by varying the 

horizontal distance between the RIS and the BS. In reference 

[34], the model introduced a new RIS design that allows for 

energy harvesting by using a subset of RIS unit cells (UCs) to 

divide the RIS unit cells to direct the beam. At the same time, 

the remaining UC units absorb energy. It seeks to improve the 

SNR of the receiver while adhering to RIS power consumption 

guidelines. In reference [35], a strategy has been proposed to 

reveal the optimal RIS position based on the relationship 

between the dimension from BS to UE and the dimension from 

the RIS to the BS-UE line to increase the strength of the received 

signal.  

The comprehensive model variables are tested to obtain the 

effect of RIS height and to find the optimal RIS height that 

represents the goal of this work. One key variable includes 

different heights of the RIS to determine if it is located halfway 

between the sender and receiver to get the best SNR. 

III. SYSTEM MODEL 

The proposed model can be described as containing a 

transmitter and a receiver, and between them, there is an 

obstacle to the transmitted signal. In other words, there is no line 

of sight between the sender and the receiver due to blocking or 

any obstacle in front of the signal, which prompts finding an 

alternative path for the signal through a path other than the line 

of sight. The reconfigurable intelligent surface (RIS) is 

proposed in this model to solve this problem in millimeter-wave 

communication systems. RIS is a passively reflective surface 

that requires no power source. The transmitter sends an 

electromagnetic wave to the receiver via the RIS. The RIS is in 

the form of a rectangle consisting of M×N elements, placed in 

the direction of the x and y axes, dx, dy. The spacing between 

the smart reflective surface elements is equal to λ /2.  

Figure 2 shows the details of the studied system model in 

terms of significant dimensions and abbreviations. The 

coordinates of the transmitter, receiver, and RIS are (xTX, yTX, 

zTX), (xRX, yRX, zRX), and (xRIS, yRIS, zRIS), respectively. The 

horizontal distance between the transmitter (Tx) and the 

receiver (Rx) is symbolized by (dh), and the horizontal distance 

between Tx and RIS is symbolized by dtsh or (d1). Directly, the 

symbol (dsrh) represents the horizontal distance between RIS 

and RX, the symbol (dts) represents the TX-RIS distance, and 

finally, the symbol represents the diagonal dimension RIS-RX 

with the symbol (dsr). The model relies heavily on the TX, RIS, 

and RX heights, which are denoted as ht, hs, and hr, 

respectively. The transmitted signal in VLOS is subjected to 

incidence and reflection angles θi and θr, respectively. 

 

Fig. 2. A studied model. 

 

As mentioned earlier, there is an obstacle between the sender 

and the receiver, and there is an NLOS path. The sender will 

send the signal to the RIS. The RIS will do its job of reflecting 

this signal to the receiver. These require that the position of the 

RIS be between the transmitter and the receiver, provided that 

the Tx and Rx are on the same side. Certainly, the sender and 

RIS must be in LOS on one side, and the RIS and receiver, on 

the other hand, must also be in LOS. The RIS must be higher 

than the transmitter and receiver heights to ensure that [28]. 

With the help of RIS, the SNR at the receiver is determined. 

Next, the optimal position of the RIS that gives the optimal SNR 

value will be determined through data analysis. 

It is worth noting that the height of the transmitter and 

receiver are identical. In addition, path losses are taken into 

account. The surface is highly efficient and reflects the signal 

without any losses. The received power when placing the RIS 

between TX and RX calculates as follows [29]:  

         𝑃𝑟 =
𝑃𝑡 𝐺𝑡 𝐺𝑟 𝜆2 𝜎 

(4𝜋)3𝐷𝑡𝑠2𝐷𝑠𝑟2  (1) 

Pt is the transmitted power by the TX. Gt and Gr are the gains 

of the TX and RX antennas, respectively. The wavelength of the 

transmitted electromagnetic wave is λ. The dimensions between 
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TX-RIS and RIS-RX are dts and dsr. σ is the cross-section of 

the RIS that approximates a rectangular, planar surface. 

Detailed as follows: 

 

                        𝜎 =
4𝜋𝜂𝐶𝑜𝑠𝜃𝑖𝐶𝑜𝑠𝜃𝑟𝐴2

𝜆2       (2) 

 

η is the efficiency of the RIS. A is the area of RIS. θi and θr 

represent the incident and reflected angles for the signal 

transmitted, respectively [36]. It is assumed in this paper that 

RIS consists of passive elements with η = 1. By substituting 

equation (2) into equation (1), the first equation takes on the 

following form: 

 

                     𝑃𝑟 =
𝑃𝑡 𝐺𝑡 𝐺𝑟 𝜂 𝐴2𝐶𝑜𝑠𝜃𝑖 𝐶𝑜𝑠𝜃𝑟

(4𝜋)2𝐷𝑡𝑠2𝐷𝑠𝑟2                                  (3) 

 

Consequently, it is possible to calculate the receiver's similar 

end-to-end SNR as: 

 

                            𝑆𝑁𝑅 =
𝑃𝑟

𝑁0
                                             (4) 

 

Lastly, consider the presence of additive white Gaussian 

noise in the received signal, and symbolized by N0 that the 

following equation uses to calculate it [27]: 

 

           𝑁𝑜 =  −174 + 10 𝑙𝑜𝑔10(𝑤) + 𝐹𝑑𝐵                       (5) 

 

Where W is the transmission bandwidth and FdB is the noise 

figure in dB. Table I shows the parameters of the proposed 

model that were used in the simulation. 

IV. RESULTS AND DISCUSSION 

This section contains results that support the analysis of the 

optimal placement of the RIS in a mm-wave environment. 

These results are obtained using equation (4) to validate the 

proposed system, as shown in Figure 2. It is worth noting that 

determining the optimal RIS position gives the maximum value 

of the acquired signal-to-noise ratio. In light of the analyzed 

calculations, it is easy to determine the following: 

               𝑑𝑡𝑠 = √𝑑𝑡𝑠ℎ² + 𝑥² + (ℎ𝑠 − ℎ𝑡)²                          (6) 

              𝑑𝑠𝑟 = √𝑑𝑠𝑟ℎ² + 𝑥² + (ℎ𝑠 − ℎ𝑟)²                          (7) 

                             𝜃𝑖 = tan−1 (
√𝑑𝑡𝑠ℎ2+(ℎ𝑠−ℎ𝑡)2

𝑥
)                              (8) 

                     𝜃𝑟 = tan−1 (
√𝑑𝑠𝑟ℎ2+(ℎ𝑠−ℎ𝑟)2

𝑥
)                              (9) 

 

Figure (3) shows the effect of high RIS on the SNR of the 

transmitted signal at different distances between the Tx and the 

Rx. If the RIS is placed midway between the transmitter and the 

receiver, for example, with x=5m as the reference [28], this 

shows how the SNR decreases as the RIS height increases. 

 

 
Fig.3. SNR varying with the height of RIS. 

 

This paper uses the RIS at a specific height (hs) of 5 m, which 

represents the appropriate height, and a specific distance (x) of 

5 m, which represents the horizontal distance between the Tx 

and the RIS. At these values, Figure 4(a) shows the effect of the 

distance between the sender and receiver on one side and the 

RIS on the other side. It is worth noting that the RIS is either 

close to the TX or the RX to obtain the maximum value of the 

SNR for several values of the distance (dh) between the TX and 

the RX of 20, 30, 40 and 50 m. The best result can be obtained 

when the RIS is in the middle (i.e., a distance (dh) of 10 m). It 

concluded that this height is small for distances (dh) exceeding 

10 m. Therefore, the height (hs) of the RIS changed to 10 m. 

Unfortunately, the problem persists at distances of (x) 30, 40, 

and 50 m. Also, when using a distance (x) at 20 m, the SNR 

decreases at a horizontal TX-RX distance of 10 m. 
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TABLE I  

PARAMETERS OF THE PROPOSED MODEL 

Labels Parameter Value 

Operating frequency f 28 GHz 
Power Transmit Pt 1 W 

Signal bandwidth W 2 GHz 

Noise Figure FdB 10 dB 
RIS efficiency η 100% 

Transmitter Gain Gt 40 dB 

Receiver Gain Gr 10 dB 

TX, RX height ht, hr 2 m 
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(b) 

 
Fig.4. SNR varying with a horizontal distance (dtsh), (a) hs=5m, (b) hs=10m. 

 

 

Figure 5 clearly shows the effect of height RIS on the SNR 

value. There are two cases. The first case is in which the height 

of the RIS is equal to a quarter of the distance between TX and 

RX. In this case, two peaks of SNR appear depending on the 

distance of the RIS to the Tx or the distance of the RIS to the 

Rx. If the RIS position is close to the sender, the peak appears 

near it. The same goes for the receiver. In other words, a 

concavity appears in the middle of the curve. The RIS height is 

half the distance between TX and RX in the second case, which 

is the critical case. Only one peak appears when the RIS position 

is in the middle. Therefore, the maximum SNR is obtained. 

 In the case where the height of the RIS is greater than the 

midpoint between the transmitter and the receiver, the 

maximum value of the SNR can be obtained when the RIS is 

midway between the Tx and the Rx, as shown in Figure 6. 

However, if the height is too high due to the increasing distance, 

the problem of a low SNR value will arise. The signal value 

decreases as the signal distance increases.  

 

 

 

 

 
 

Fig. 5. SNR varying with a horizontal distance (dtsh) at the distance (dh=20m). 
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(b)  

 

Fig.6. SNR varying with a horizontal distance between TX and RIS (dtsh), 
(a) hs = dh/2, (b) hs > dh/2 

 

It is worth noting that the height of the surface must rise in 

proportion to the distance between the transmitter and the 

receiver. It leads to the conclusion that if the height of the RIS 

is equal to the middle of the distance between the TX and RX, 

then the best place for the RIS is in the middle of the distance 

between them or a place close to the middle. However, if the 

height of the RIS is greater than half the distance between them, 

the middle is the best place for the RIS. 

CONCLUSION 

The proposed model shows the effect of different dimensions 

on the SNR value. These various dimensions represent varying 

incident and reflection angles of the RIS. Furthermore, the goal 

when performing these experiments was to determine the 

appropriate height of the RIS to maximize the SNR. Clearly, the 

results showed that if the height of the RIS is equal to a quarter 

of the distance between the TX and the RX, the highest SNR 

value is obtained and occurs either when the RIS is close to the 

TX or the RX. If the height of RIS is equal to half the distance 

between TX and RX, this is the critical condition, which means 

that the maximum value of SNR can be obtained when RIS is in 

the middle. In the other case, if the RIS height is greater than the  
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midpoint between the transmitter and the receiver, the 

maximum value of SNR can be obtained when the RIS is 

midway between the transmitter and the receiver. In future 

work, we will study the effect of interference between 

transmitted beams. How can it be reduced? 
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