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Abstract—The large-scale Internet of Things (IoTs) of B5G 
networks must face the arduous challenge of bandwidth 
limitations. Although millimeter wave (mmWave) technology 
can provide greater bandwidth at the cost of complex 
processors in harsh environments, it can be a possible solution 
for building large-scale IoTs, but its cost and power 
requirements become obstacles to widespread adoption. In this 
context, Re-configurable Intelligent Surfaces (RISs) can be a 
key technology to meet this challenge. In this paper, we study 
the B5G RIS-assisted MIMO simultaneous wireless-
information and power-transfer (SWIPT) mmWave large-
scale IoTs, where active BS transmitted beamformer and 
passive RIS reflection vector are jointly optimized to maximize 
the minimum signal-to-interference-plus-noise-ratio (SINR) of 
all the information decoders (ID) and at the same time, the 
minimum harvested power of all the energy receivers (ER) is 
maintained. Some simulation examples are given to 
demonstrate the effectiveness of the proposed system. 

Keywords—mmWave, RIS, SWIPT 

I. INTRODUCTION 

Massive MIMO uses a large number of antennas to obtain 
large beamforming gains. In fact, under similar conditions, 
both massive MIMO and RIS techniques can produce similar 
signal-to-noise ratio (SNR) gains. However, RIS passively 
achieves this beamforming gain. In this paper, active 
beamforming through the transmitter antenna array and 
passive beamforming through the RIS in the channel can 
compensate each other and provide greater gain when both 
are optimized together, which is exactly what goals of this 
paper. Although massive MIMO technology can 
significantly improve the efficiency of wireless information 
transfer (WIT) and wireless power transfer (WPT) in 
emerging IoT networks by exploiting the gain of large arrays, 
this usually comes at a high cost [1]-[3]. As a remedy, in so-
called hybrid implementations, a much smaller number of 
radio frequency (RF) chains than transmit/receive antennas 
can be used, which can also result in high hardware costs, 
high signal processing overhead, and high energy 
consumption, hindering actual implementation. As a cost-
effective alternative to massive MIMO technology, RIS 
enables unprecedented spectral and energy efficiency, 
especially in complex propagation scenarios that suffer from 
severe signal blocking. However, because RIS is essentially 
a reconfigurable metal surface with a large number of passive 
reflective elements, it cannot perform as complex signal 
processing as large arrays and active MIMO repeaters, and is 
usually performed with lower hardware cost and low power 
consumption. By adjusting the phase shift and amplitude 
attenuation of each RIS reflective element, a good wireless 
propagation environment can be actively constructed for 
WIT and WPT [4][5]. In view of the above advantages, 
research on RIS-assisted communication for various wireless 
systems such as MISO systems [6][7], point-to-point MIMO 

systems [8], multi-cell multi-user MIMO systems [9], and 
MIMO-OFDM systems [10] [11] attracted attention. These 
studies usually assume perfect channel state information 
(CSI). In fact, traditional training-based channel estimation 
schemes cannot be directly applied due to the lack of 
fundamental frequency processing capability of RIS 
operating without RF chains and the need to estimate a large 
number of RIS-related channels. As an alternative, under the 
assumption of uplink-downlink channel reciprocity, for flat 
frequency channels and frequency selective channels, 
various channel estimation schemes using RIS grouping 
strategies have been proposed previously [10]-[13]. 

Nonetheless, there are new challenges to integrate RF 
energy harvesting and advanced WIT technologies for 
sustainable green IoT networks. To this end, Simultaneous 
Wireless Information and Power Transfer (SWIPT) has been 
evaluated as an attractive innovative technology [13]. 
Recently, there has been increasing interest in RIS-based 
SWIPT systems [9]. For example, [13] studied weighted 
harvested energy maximization in a RIS-assisted MISO 
SWIPT system and demonstrated that dedicated energy 
beamforming is practically not required. As a further 
development, the maximization of the minimum harvested 
energy among all energy receivers (ERs) in this system is 
studied from a fairness perspective. By deploying multiple 
RIS, [13] further investigated total transmit power 
minimization subject to separate QoS constraints at the 
Information Decoder (ID) and ER. [9] considered a more 
general RIS-assisted MIMO SWIPT system and studied the 
weighted sum rate maximization of all IDs while 
guaranteeing a certain minimum total harvested energy 
across all ERs. Various advanced communication 
technologies in IoT networks, such as NOMA, Physical 
Layer Security, and Mobile Edge Computing (MEC), have 
also been integrated with this technology together. RIS 
achieves better system performance, so in this paper, we 
consider a RIS-assisted MIMO SWIPT system consisting of 
a multi-antenna base station (BS), a RIS to assist 
communication, and multiple SWIPT-enabled systems. It 
consists of several IoT devices, and RIS is deployed to assist 
SWIPT from the BS to these IoT devices. From a fairness 
perspective, we further investigate the maximization of the 
minimum SINR among all IDs by jointly optimizing the 
active BS transmit beamforming vector and the passive RIS 
reflection coefficient, premised on the minimum total 
harvested energy required for all ERs. 

II. SYSTEM MODEL AND PROBLEM FORMULATION 

This section introduces the system model and problem 
description. We first introduce the architecture of the entire 
system, and then describe our goals and the problems. We 
consider an RIS-assisted wireless communication system, in 
which the RIS is deployed to assist the multi-antenna APs in 
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the SWIPT system. It is transmitted from the AP of M 
antennas to two parts, including information user (IU) and 
energy user (EU), the number of IU is 𝐾ூ , and the number of 
EU is 𝐾ఌ . For simplicity, we consider linear transmit 
precoding at the AP and assume that each IU/EU is assigned 
a separate information/energy beam, without loss of 
generality. Therefore, the transmission signal from the AP 
can be expressed as  

               𝑥 = ෌ 𝑤௜𝑠௜
ூ

௜∈௄಺
+  ෍ 𝑣௝𝑠௝

ா

୨∈௄ഄ

 (1) 

And 𝑤௜ ∈ 𝐶ெ×ଵ is the precoding vector of IU, 𝑣௝ ∈ 𝐶ெ×ଵ is 
the precoding vector of EU, 𝑠௜

ூ  represents the message 
bearing signal, and 𝑠௝

ா  represents the energy signal. 𝑠௜
ூ  are 

assumed to be independent and identically distributed signal 
with zero mean and variance one, while 𝑠௝

ா  carry no 
information, they can be any random signals. Therefore, the 
total transmit power required by the AP is expressed as 

𝐸(𝑥ு𝑥) = ෌ ‖𝑤௜‖
ଶ

௜∈௄಺
+ ෍ ฮ𝑣௝ฮ

ଶ

୨∈௄ഄ

        

(2) 
Next is the part of the signal received by the IU, ℎୢ,௞

ு ∈

𝐶ଵ×ெ is the channel directly transmitted by the AP to the IU, 
ℎ୥,௞

ு ∈ 𝐶ଵ×௅ is the channel that the RIS transmits to the IU, 
𝑒ୢ,௞

ு  is the channel that the AP transmits directly to the EU, 
𝑒୥,௞

ு  is the channel that the RIS transmits to the EU, 𝑊௚(𝑙) 
indicates the channel transmitted from the AP to the RIS, 
and 𝛷௚

ு(𝑙) represents the reflective element channel in the 
RIS. Since implementing independent control of reflection 
amplitude and phase is expensive in reality, for simplicity, it 
is actually advantageous to design each element to maximize 
signal reflections. Therefore, we express the signal received 
by the IU from AP to IU and AP to RIS and then to IU as 
the following equations: 

 𝑦௞
ூ = (෍ ℎ௚,௞

ு (𝑙)𝛷௚
ு(𝑙)𝑊௚(𝑙) + ℎୢ,௞

ு )𝑥 + 𝜎௞

௅

௟ୀଵ
       

(3) 
Here 𝜎௞~𝐶𝑁(0, 𝜎௞

ଶ)  is an independent and identically 
distributed Gaussian noise, and we simplify equation (3) and 
rewrite it as (4): 

 
 𝑦௞

ூ = (ℎ௚,௞
ு 𝛷௚

ு𝑊௚ + ℎୢ,௞
ு )𝑥 + 𝜎௞ (4) 

where ℎ௚,௞
ு ∈ 𝐶ே×ே ,  𝑊௚ ∈ 𝐶ே×ெ  and 𝛷௚

ு ∈ 𝐶ே×ே  are 
represented by equations (5) and (6), respectively, 

ℎ௚,௞
ு = ቎

ℎ௚,௞
ு (1)

…
ℎ௚,௞

ு (𝐿)
቏ , 𝑊௚ = ቎

𝑊௚(1)
…

𝑊௚(𝐿)
቏ (5) 

𝛷௚
ு = ቎

𝛷௚
ு(1) 0 0

0 … 0
0 0 𝛷௚

ு(𝐿)
቏ (6) 

Since the energy beam carries no information but a 
pseudo-random signal, its waveform can be assumed to be 
known at the AP and each IU prior to data transmission. We 
hypothesize that the interference they cause can be canceled 
at each IU, which contributes to the fundamental 
performance limitations of our SWIPT system and the study 
of the impact of RIS on energy beamforming. Therefore, we 
express SINR by Equation (7): 

     SINR௞ = 𝛾௞ =
ቤ෍ ௛೒,ೖ

ಹ ః೒
ಹௐ೒

ಸ

ౝసభ
௪೔ቤ

మ

ා ቤ෍ ௛೒,ೖ
ಹ ః೒

ಹௐ೒௪ೖ

ಸ

ౝసభ
ቤ

మ
಼

ೖసభ,ೖಯ೔

మ

ାఙ೔
మ

      (7) 

On the other hand, it is the part of the energy received by the 
EU. We express the energy received by the EU with 
Equation (8): 

      𝑄௝  = ෍ ห(𝑒௚,௝
ு 𝛷௚

ு𝑊௚ + 𝑒ୢ,௝
ு )𝑤௜ห

ଶ

௜ఢ௄೔

+

                  ෍ ห(𝑒௚,௝
ு 𝛷௚

ு𝑊௚ + 𝑒ୢ,௝
ு )𝑣௠ห

ଶ

௜ఢ௄ഄ

                     (8) 

Then comes the problem description part, our goal is to 
maximize the transmission rate of the entire system through 
optimization subject to the constraints of the transmission 
power and the energy harvesting at the EU, we formulate the 
problem description as Eq. (9): 
      maximize

௉,ః೒

𝑓ଵ൫𝑃, 𝛷௚൯ = ∑ 𝑧௞ logଶ(1 + 𝛾௞)௄
௞ୀଵ        

(9) 

      subject to ෌ ‖𝑤௜‖
ଶ

௜∈௄಺
+ ෍ ฮ𝑣௝ฮ

ଶ

୨∈௄ഄ

≤ 𝑃,      

(10) 

෍ ห(𝑒௚,௝
ு 𝛷௚

ு𝑊௚ + 𝑒ୢ,௝
ு )𝑤௜ห

ଶ

                ௜ఢ௄೔

+ 

      ෍ ห(𝑒௚,௝
ு 𝛷௚

ு𝑊௚ + 𝑒ୢ,௝
ு )𝑣௠ห

ଶ

௜ఢ௄ഄ

≥ 𝐸௝       

(11) 
        0 < 𝜃௡ ≤ 2𝜋, ∀𝑛 ∈ 𝑁.                          (12) 

Where 𝑧௞  is the data weight assigned to the kth IU, P 
represents the maximum transmission power, 𝐸௝ > 0 is the 
least energy received by each energy user, and 𝜃௡ represents 
the phase of the RIS. 

III. THE PROPOSED METHODS AND ALGORITHM 

First, we change the formula of power limit into the form of 
rank, such as (13): 

maximize
௉,ః೒

𝑓ଵ൫𝑃, 𝛷௚൯ = ෍ 𝑧௞ 𝑙𝑜𝑔ଶ(1 + 𝛾௞)

௄

௞ୀଵ

                 

     subject to ∑ 𝑇𝑟(𝑊௞)௞∈௄ + 𝑇𝑟(𝑉௟) ≤ 𝑃,             (13) 

෍ ห(𝑒௚,௝
ு 𝛷௚

ு𝑊௚ + 𝑒ୢ,௝
ு )𝑤௜ห

ଶ

௜ఢ௄೔

+      

           ෍ ห(𝑒௚,௝
ு 𝛷௚

ு𝑊௚ + 𝑒ୢ,௝
ு )𝑣௠ห

ଶ

௜ఢ௄ഄ

≥ 𝐸௝, 

0 < 𝜃௡ ≤ 2𝜋, ∀𝑛 ∈ 𝑁. 

Next, we use the Lagrangian dual transformation [3] that the 
term ∑ 𝑧௞ 𝑙𝑜𝑔ଶ(1 + 𝛾௞)௄

௞ୀଵ  can be converted into 

෍ 𝑧௞ 𝑙𝑛(1 + 𝛼௞) − 𝑧௞𝛼௞ +
௭ೖ(ଵାఈೖ)ఊೖ

ଵାఊೖ

௄

௞ୀଵ
. Therefore, we 

transform 𝑓ଵ  into problem 𝑓ଶ , which is represented by 
equation (14): 

maximize
௉,ః೒,ఈ

𝑓ଶ ൫𝑃, 𝛷௚, 𝛼൯ =                                                  

෍ 𝑧௞ 𝑙𝑛(1 + 𝛼௞) − 𝑧௞𝛼௞ +
௭ೖ(ଵାఈೖ)ఊೖ

ଵାఊೖ

௄

௞ୀଵ
          (14) 

   subject to     𝑡𝑟(𝑃𝑃ு) ≤ 𝑃,                                      (15) 
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              ෍ ห𝑒௝
ு𝑤௜ห

ଶ

௜ఢ௄೔

+ ෍ ห𝑒௝
ு𝑣௠ห

ଶ
≥ 𝐸௝

௜ఢ௄ഄ

,     (16) 

                  𝜃௚,௠ ∈ 𝐹௖ , ∀𝑔, ∀𝑚.                                     
(17) 

𝑓ଵ  and 𝑓ଶ  are equivalent, so solving 𝑓ଵ  is equivalent to 
solving 𝑓ଶ, where α = [𝛼ଵ, ⋯ , 𝛼௞]்  is the additional vector 
generated after conversion. In addition, the formula of the 
transmission power is simplified again, and the mathematical 
symbol 𝑒௝

ு is used to represent 𝑒௝
ு= 𝑒௚,௝

ு 𝛷௚
ு𝑊௚ + 𝑒ୢ,௝

ு . After 
the conversion, we give 𝛼௞, optimize P and 𝛷௚, and rewrite 
the problem 𝑓ଶ into the problem 𝑓ଷ as follows,   

maximize
௉,ః೒

𝑓ଷ ൫𝑃, 𝛷௚൯ = ෍
௭ೖ(ଵାఈೖ)ఊೖ

ଵାఊೖ

௄

௞ୀଵ
         (18) 

subject to (15), (16), (17).    

Given the set ൛𝛷ଵ, ⋯ , 𝛷௚ൟ , for convenience, we use the 
mathematical notation ℎ෨௞

ு  to represent (19): 

   ℎ෨௞
ு = ෍ ℎ௚,௞

ு 𝛷௚
ு𝑊௚

ீ

୥ୀଵ
  (19) 

Substitute formula (19) into the above SINR formula, that is, 
formula (7), and rearrange 𝑓ଷ to generate 𝑓ସ, such as formula 
(20): 

  maximize
௉

𝑓ସ (𝑃) = ා
ఈഥೖห௛෩ೖ

ಹ௣ೖห
మ

෍ ห௛෩ೖ
ಹ௣ೕห

మ಼

ೕసభ
ାఙೠ

మ

௄

௞ୀଵ

           (20) 

subject to (15).      
    where the symbol  𝛼ഥ ௞ = 𝑧௞(1 + 𝛼௞), and we can see that 
𝑓ସ  is a multi-score programming problem, so we can use 
Quadratic Transform (QT) [3][4] to convert 𝑓ସ to 𝑓ହ, such as 
formula (21): 

maximize
௉,ఉ 

𝑓ହ (𝑃, 𝛽 ) = ෎ 2ඥ𝛼ത௞𝕽൛𝛽௞
∗ℎ෨௞

ு𝑝௞ൟ −

௄

௞ୀଵ

                                              |𝛽௞|ଶ(෍ หℎ෨௞
ு𝑝௝ห

ଶ
௄

୨ୀଵ
+ 𝜎௨

ଶ)        (21) 

And 𝛽 = [𝛽ଵ, ⋯ , 𝛽௞]்  is the additional vector generated 

after the QT conversion. Using 
డ௙ఱ

డఉೖ
= 0, such as equations 

(22) and (23), and given P, the optimal solution of 𝛽௞ can be 
described as follows: 

డ௙ఱ

డఉೖ
= 2ඥ𝛼ത௞ℎ෨௞

ு𝑝௞ − 2𝛽௞ ቆ෍ หℎ෨௞
ு𝑝௝ห

ଶ
௄

୨ୀଵ
+ 𝜎௨

ଶቇ = 0   (22) 

𝛽௞ ቆ෍ หℎ෨௞
ு𝑝௝ห

ଶ
௄

୨ୀଵ
+ 𝜎௨

ଶቇ = ඥ𝛼ത௞ℎ෨௞
ு𝑝௞                        (23) 

𝛽መ௞ =
ඥఈഥೖ௛෩ೖ

ಹ௣ೖ

෍ ห௛෩ೖ
ಹ௣ೕห

మ಼

ೕసభ
ାఙೠ

మ
                                                     (24) 

    Since the problem 𝑓ହ is a convex problem about 𝑝୩, using 
the Lagrange multiplier method, given β, the optimal 
solution of 𝑝௞ can be described as equation (25): 

𝑝̂௞ = ඥ𝛼ത௞ 𝛽௞ ቀ𝜇𝐼ே + ෌ |𝛽௜|
ଶℎ෨௜

௞

௜ୀଵ
ℎ෨௜

ுቁ
ିଵ

ℎ෨௞            (25) 

Next, we simplify the mathematical formula to facilitate the 
operation and derivation, ℎ෨௞

ு𝑝௝ can be expressed as formula 
(26): 

ℎ෨௞
ு𝑝௝ = ෌ 𝜃௚

ுீ

௚ୀଵ
diag(ℎ௚,௞

ு )𝑊௚𝑝௝                    (26) 

Where 𝜽௚ is defined as 𝜽௚ = ൣ𝜃௚,ଵ, ⋯ , 𝜃௚,ெ൧
்

 and 𝑣௚,௞,௝  is 
defined as 𝑣௚,௞,௝ = diag(ℎ௚,௞

ு )𝑊௚𝑝௝ . Given α and P, we 
rewrite the problem 𝑓ସ  into the problem 𝑓଺ , as shown in 
equation (27): 

maximize
ఏ೒

𝑓଺ ൫𝜃௚൯ =

                  ා
ఈഥೖቤ෍ ఏ೒

ಹ௩೒,ೖ,ೖ

ಸ

೒సభ
ቤ

మ

ා ቤ෍ ఏ೒
ಹ௩೒,ೖ,ೕ

ಸ

೒సభ
ቤ

మ
಼

ೕసభ

మ

ାఙೠ
మ

௄

௞ୀଵ

    (27) 

subject to ห𝜃௚,௠ห
ଶ

= 1,   ∀𝑔,  ∀𝑚.                       
    In order to facilitate the subsequent derivation, we first 
construct several symbols to represent the following 
equations, as shown in equations (28) and (29): 

    𝚯 = [𝜃ଵ, 𝜃ଶ, ⋯ , 𝜃ீ]  (28) 

                      𝑉௞,௝ = ൣ𝑣ଵ,୩,௝ , 𝑣ଶ,௞,௝ , ⋯ , 𝑣ீ,௞,௝൧   (29) 

    After the construction is completed, we can rewrite the 
problem 𝑓଺ into the problem 𝑓଻, as shown in equation (30): 
maximize

ఏ ෩
𝑓଻ ൫𝜃 ෩൯ =

                   ා
ఈഥೖቚ௧௥ቀΘಹ௏ೖ,ೖቁቚ

మ

෎ ቚ௧௥ቀΘಹ௏ೖ,ೕቁቚ
మ

಼

ೕసభ

మ

ାఙೠ
మ

௄

௞ୀଵ

       (30) 

              = ා
ఈഥೖหఏ෩ಹ ௩෤ೖ,ೖห

మ

෍ หఏ෩ಹ ௩෤ೖ,ೕห
మ಼

ೕసభ

మ

ାఙೠ
మ

௄

௞ୀଵ

  (31) 

subject to ห𝜃௚,௠ห
ଶ

= 1,   ∀𝑔,  ∀𝑚.   
where 𝜃 ෩  is expressed as 𝜃 ෩ = vec(Θ), and  𝑣෤௞,௝ is expressed 
as  𝑣෤௞,௝ = vec(𝑉௞,௝) . Next, we transform problem 𝑓଻  into 
problem 𝑓  using quadratic transformation (QT) [3], as 
shown in Eq. (32): 

maximize
ఏ ෩ ,ఘ

𝑓 ൫𝜃 ෩ , 𝜌൯ = ෎ 2ඥ𝛼ത௞𝕽൛𝜌௞
∗ 𝜃෨ு 𝑣෤௞,௞ൟ −

௄

௞ୀଵ

                                              |𝜌௞|ଶ(෍ ห𝜃෨ு 𝑣෤௞,௝ห
ଶ

௄

୨ୀଵ
+ 𝜎௨

ଶ)  (32) 

subject to ห𝜃௚,௠ห
ଶ

= 1,   ∀𝑔,  ∀𝑚. 
    After conversion, 𝜌 = [𝜌ଵ, ⋯ , 𝜌௞]்  is the additional 
vector generated by the secondary conversion. Using the 
Lagrange multiplier method [3], the optimal solution of 𝜌௞ 
is shown in formula (33): 

2ඥ𝛼ത௞𝜃෨ு 𝑣෤௞,௞ − 2𝜌௞ ቆ෍ ห𝜃෨ு  𝑣෤௞,௝ห
ଶ௄

୨ୀଵ
+ 𝜎௨

ଶቇ = 0    (33) 

𝜌௞ ቆ෍ ห𝜃෨ு  𝑣෤௞,௝ห
ଶ௄

୨ୀଵ
+ 𝜎௨

ଶቇ = ඥ𝛼ത௞𝜃෨ு  𝑣෤௞,௞               (34) 

𝜌ො௞ =
ඥఈഥೖఏ෩ಹ௩෤ೖ,ೖ

෍ หఏ෩ಹ௩෤ೖ,ೕห
మ಼

ೕసభ
ାఙೠ

మ
                                                 (35) 
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IV. SIMULATION RESULTS 

In this section, we use MATLAB software to perform 
simulations to compare the performance of the entire SWIPT 
system with and without RIS. The simulation parameters 
include: the number of users (K), the number of antennas (N), 
the number of reflective elements (M), and the transmission 
power (P). For the channel part, we use the Rayleigh channel. 
Figure 1 is the schematic diagram of the simulation 
environment.  

 
Fig. 1. Simulation Schematic 

 
Fig. 2. Comparison of transmission sum rates when the number of users 
(information receiving end and energy receiving end) is 2, the number of 
antennas is 16, and the number of reflective elements is 20. 

Figure 2 shows the performance comparisons employing 
2 users (information receiving end and energy receiving end), 
16 antennas and 20 reflective elements with and without RIS. 
The error part is the 10% parameter error of our proposed 
method. In addition, whether it is a system with RIS or a 
system without RIS, the two transmission powers are fixed. 
It can be seen from the figure that with RIS, the total rate is 
faster than that without RIS, from 10-dBm faster by 2 
(bps/Hz) to 70-dBm by nearly 4 (bps/Hz). 

 

Fig. 3. Comparison of transmission sum rates when the number of users 
(information receiving end and energy receiving end) is 3, the number of 
antennas is 16, and the number of reflective elements is 20. 

Figure 3 shows the performance comparisons employing 
3 users (information receiving end and energy receiving end), 
16 antennas and 20 reflective elements with and without RIS. 
The error part is the 10% parameter error of our proposed 

method. In addition, whether it is a system with RIS or a 
system without RIS, the two transmission powers are fixed. 
It can be seen from the figure that with RIS, the overall rate 
is faster than that without RIS, from 10-dBm faster than 2 
(bps/Hz) to 70-dBm faster than 4 (bps/Hz).  

V. CONCLUSION 

In this paper, we study an RIS-assisted SWIPT 
communication system. Specifically, we want to maximize 
the transmission sum rate of the system, subject to power 
constraints and energy harvesting constraints. The 
transmission sum rate of the system is significantly faster 
than that of the system without RIS. Some simulation 
examples are given to demonstrate the effectiveness of the 
proposed system. 
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