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Abstract—TIn this paper, we focus on a reconfigurable intelligent
surface (RIS)-assisted millimeter-wave (mmWave) communica-
tions system, where a RIS is deployed to create reliable reflection
links and alleviate multi-user interference. In the system, each
user equipment (UE) is concerned with the freshness of the
information received from the base station (BS) and has a certain
transmission requirement. The age of information (Aol) is adopted
as the metric for information freshness and on this basis, we
define the weighted Aol to take into account the satisfaction
of UE transmission requirements. Then, an average weighted
Aol minimization problem is formulated by jointly optimizing
the precoding, the discrete RIS phase shifts, and the scheduling
strategy. The problem is decomposed into two subproblems.
For the first precoding and RIS design subproblem, we aim
to satisfy the transmission requirements of the scheduled UEs
with minimum power consumption under a given scheduling
strategy. We use the zero-force (ZF)-based precoder and adopt
the local search method for the RIS design. For the second
scheduling strategy design subproblem, we propose a heuristic
scheduling algorithm to minimize the system’s average weighted
Aol. Simulation results verify the effectiveness of our proposed
method over several baseline schemes.

Index Terms—Reconfigurable intelligent surface (RIS),
weighted age of information (Aol), millimeter-wave (mmWave)
communication, scheduling strategy.

I. INTRODUCTION

Future communication networks are required to support
many new inspiring applications such as intelligent transporta-
tion systems (ITS), virtual reality (VR), and Industry 4.0. The
effectiveness of decision-making in these applications depends
on the freshness of received information, the outdated and
aging information will severely impair system performance
and even cause security risks. To characterize the information
freshness, age of information (Aol) has been proposed, which
is defined as the elapsed time since the generation of the
most recently received status update [1]. This metric captures
the freshness of information from the receiver’s perspective,
which is closer to the receiver’s genuine perception. Therefore,
considerable work has been carried out on Aol optimization
problems in various wireless communication systems, such
as edge computing-assisted networks [2], unmanned aerial
vehicles (UAV) communications [3], vehicular networks [4],
and joint radar communication (JRC) design [5], etc.

In practice, reliable and timely information delivery is quite
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challenging due to the random and uncontrollable wireless
channel. This issue is particularly severe for millimeter-wave
(mmWave) communications. Although the large available spec-
trum provided by mmWave can effectively increase commu-
nication capacity [6,7], due to the high directivity, mmWave
signals can be easily blocked by obstacles [8]. Fortunately,
reconfigurable intelligent surface (RIS) has the ability to im-
prove the quality of wireless links by flexibly configuring
the propagation environment through software programming.
Specifically, RIS is a planar array composed of numerous
passive reflection elements. Each of them can independently
control the amplitude and phase of the incident signal in a
software-defined manner [9]. Through a proper design, the
passive reflections of all the RIS reflection elements can be
coherently superposed at the intended receiver, thus creating a
more reliable reflection link to overcome the link blockage and
enhance network coverage [10]. Also, such passive reflections
can be destructively superposed at the undesired receivers for
interference suppression [11].

Therefore, we can anticipate that RIS will bring great
benefits to the improvement of information freshness. Recently,
some research has integrated RIS in Aol-focused systems.
However, on the one hand, most of the existing works focus
on single-antenna systems or sub-6 GHz systems [12-15]. On
the other hand, most of the research adopts the orthogonal
time-frequency resources allocation strategy to avoid multi-user
interference [12-16]. The advantages of multi-antenna systems
have not been fully exploited, limiting the spectral efficiency
of the systems. In addition, none of the prior works take into
account the transmission requirement of user equipment (UE).

Motivated by these observations, we define the weighted
Aol, which is related to both Aol and satisfaction of UE trans-
mission requirements. We investigate the average weighted
Aol performance in RIS-assisted mmWave systems. The main
contributions of this paper are summarized as follows:

e We focus on a RIS-assisted mmWave communication
system, where a multi-antenna base station (BS) simulta-
neously sends time-sensitive messages to multiple single-
antenna UEs. Considering both Aol and satisfaction of
UE transmission requirements, we define the weighted
Aol and formulate the average weighted Aol minimization
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problem.

« To facilitate the solution, we decompose the problem into
two subproblems. We first propose a precoding and RIS
design method to satisfy scheduled UEs’ requirements
with minimum power consumption, and then present a
heuristic scheduling algorithm to minimize the average
weighted Aol.

e We compare the system performance of the proposed
scheme with two baseline schemes. Simulation results
show that the proposed scheme can satisfy the transmis-
sion requirements of more UEs while reducing average
Aol, and achieves better average weighted Aol perfor-
mance for different SINR thresholds and numbers of RIS
elements.

II. SYSTEM OVERVIEW
A. System Description

As shown in Fig. 1, we consider a RIS-assisted single-cell
mmWave communication system, where K single-antenna UEs
need to obtain time-sensitive messages from a BS equipped
with Nt antennas. A typical example of time-sensitive mes-
sages is real-time traffic information for trip planning. The
freshness of the information is critical to the feasibility of the
plan. The set of UEs is denoted by L = {1,2,--- , K'}. The
RIS consists of M passive reflection elements, each of which
can independently adjust the phase of the incident signal. The
set of RIS elements is denoted by M = {1,2,--- | M}. System
time is divided into a series of non-overlapping superframes.
Each superframe can be further slotted into 7" time slots. We
focus on the system performance in one superframe. The set
of time slots is denoted as 7 = {1,2,--- ,T}. At each time
slot, the BS can simultaneously serve up to K., < K UEs.
We use uy+ to indicate whether UE k is scheduled at time
slot ¢. If UE k is scheduled, u; » = 1, and then the BS sends
information to UE k; otherwise, uy ; = 0. Therefore, we have

> ks =Ki < Ko, VEET, (0
k=1
where the set of scheduled UEs at time slot ¢ is represented
by K;. We denote the transmit data symbol to UE k at time
slot ¢ by sy, ¢ with E{sj, ;} = 0 and E{smskH’t} = 1. Then, the
signal transmitted by the BS at time slot ¢ can be given by x; =
Zkelcf, Wy tSk,t, Where wy, ; € CN7x1 denotes the precoding
vector at the BS. Assuming that the maximum transmit power
is P, the precoding vector should satisfy the power constraint:
S llwrelP <P VteT. 2)
kEK:

Let hi’, € C*Nr, G € CM*Nr, and W)} e CVM
denote the baseband equivalent channels from the BS to
UE k, from the BS to the RIS, and from the RIS to UE
k, respectively. Considering the severe path loss, we con-
sider only the signal reflected by the RIS for the first time
and ignore the signals reflected by it twice or more. Let
&, = diag(elPrt, el¥2, , elPme) € CMXM denote the
reflection-coefficient matrix of the RIS, where ¢,,, ; represents
the phase shift of RIS element m at time slot ¢. For the

Fig. 1.
sake of hardware implementation, we assume that each RIS
element can realize 2° different discrete phase shift values
by b-bit quantization, and the set of discrete phase shifts

An illustration of the system model.

is represented as F = {0,27,---, (2° —1) 27 }. Therefore,
the channel matrix between the BS and UE k is given by
tht = h A hr +P:G, and the received signal at the sched-
uled UE k at time slot ¢ is expressed as

Ykt = (hfk + hfk‘I)tG) Z Wk ¢Skt + Nk t, 3)

kel

where ny; ~ CN(0,0?) is the additive white Gaussian noise
at UE k£ at time slot ¢. The signal-to-interference-plus-noise
ratio (SINR) received by UE £k at time slot ¢ is given by

2
[CHARR IR el
Vet = 3 )
DI ‘(hfk + h{j’k@te)wﬂ‘ + 02
The requirement of each UE on the received signal quality

is given by ;¢ > 7, Where 7y, is the minimum tolerable
SINR.

B. Channel Model

In this system, we assume that the knowledge of the channel
state information (CSI) is available by channel estimation [17,
18]. Due to the small wavelength, the mmWave channels
have limited scattering effects. Therefore, we adopt the Saleh-
Valenzuela (SV) channel model. Assume that the channels will
not change within 7" time slots. The BS-RIS channel gain G
can be written as

NrM
L (aoar (M, ¢rrs,0:Cris,0) af’ (NTwaSO)
g

Le—1 )
+ Z aiar (M, $rrs,i,Crrs,i) a’ (NT7thS,i) >7

i=1
where L, denotes the total number of paths, the O-th path is
the LOS path with complex gain &g, and the i-path (i # 0)
is the i-th NLOS path with complex gain &;. Also, a,(-) and
a;(+) denote the normalized angle steering vector functions at
the transmitter and the receiver, respectively [19]. We assume
the transmit antennas at the BS form a uniform linear array
(ULA) configuration and the RIS adopts a uniform planar array
(UPA) structure. ¢prg,; and Cprg,; represent the azimuth and
elevation angles of arrival associated with the RIS, respectively,
and 9% s,; denotes the angle of departure from the BS.

S1m11ar1y, the RIS-UE channel gain h, ;, can be written as

M
hep =4/ T (ﬂoat (M, ¢zrs,0,Cris,0)

Le—1
+ Z Biag (M7 ¢§213,¢7 C;éls,i) >,
i—1

G =

(6
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where L, denotes the total number of paths 0f~ h; 1, BO
denotes the complex gain of the LOS path while 5; (i # 0)
denotes the complex gain of the i-th NLOS path, ¢}, s,; and
Chy s, represent the azimuth and elevation angles of departure
associated with the RIS, respectively.

For the BS-UE channel gain hg, we assume that there is
no LOS path. It is given by

\/ Z diar (N1, ¥hs,) » )

where L4 denotes the total number of paths of hgy and g;
denotes the complex gain of the i-th NLOS path.

C. Weighted Aol Definition

In this work, we use Aol to portray the information fresh-
ness. Consider a generate-at-will model, in which the BS
can generate a new packet carrying the latest time-sensitive
messages for each target UE at the beginning of any interest
time slot [20]. We assume that the generation of packets relies
on the scheduling strategy. In other words, if uy ¢ = 1, the BS
generates a packet for UE k at the beginning of time slot ¢ and
then transmits the packet to it during the time slot. For UE £,
successful delivery of the packet at time slot ¢ is conditioned
on two realizations: 1) ug; = 1 ii) Vit > Ven. We use dy
to represent whether there is a successful delivery to UE k at
time slot ¢, which is given by

1, ifugs=1an >
i, — { , kit | and Vit > Ven, ®
0, otherwise.
Then, let A, ; denote the Aol of UE k at time slot ¢. The Aol
will grow linearly with no packet successfully received by UE
k, otherwise it drops to 1. The evolution of the Aol can be
given by
1, if dpe =1,
A = { o ©)

A1+ 1, otherwise.
For simplicity, we assume that the initial Aol Ay o = 1 for all
k.

In addition, we consider the number of packets required for
UE k, which is denoted by g. The received packets of UE k
up to the end of time slot 5 can be calculated as Zi; 1Akt
To characterize whether the transmission requirement of UE
k has been satisfied over T time slots, we define the penalty
factor as

pTﬂ(l(L‘)
pr =
L,

Further, if 2?:1 dit = qr (ts < T), which means the require-
ment of UE k is satisfied in the first ¢, time slots, we consider
that the transmission task of UE k in the current superframe
has been completed and let A, =0 fort =t,+1,--- 7.

Thus, the average weighted Aol of UE k over T time slots
can be given by Ay, = % ZtT:1 prwi Ak ¢, where wy, represents
the importance of UE k.

e T
if qf =2, die < aqn,

otherwise.

(10)

III. PROBLEM FORMULATION AND DECOMPOSITION

In this section, we first formulate the optimization problem
and then decompose it into two sub-problems.

A. Problem Formulation

Considering both the freshness of received information and
the transmission requirements of UEs, we aim to minimize the
average weighted Aol for K UEs. Let us denote U, W, and
® as the sets of scheduling parameters, precoding vectors, and
RIS configurations over 7' time slots, respectively, which are
defined as U = {uy | Vt € T,Vk € K}, W = {wy | Vt €
T,Vk € K}, and ® = {®,| V¢t € T}. The joint optimization
problem can be formulated as

K T
OP: n‘%n@ K g;pkwkflk,t (11a)
s.t. (1),(2)
up € {0,1},VE e K,t € T, (11b)
Omt EF, Vme M, teT. (11¢)

It can be easily observed that problem OP contains both
continuous variable wy,, and discrete variables uy ; and ®;.
Besides, the objective function of OP is nonlinear, and the
problem includes nonlinear constraints. Thus, it is a mixed-
integer nonlinear programming (MINLP) problem, which is
hard to solve. In addition, the three optimization variables are
coupled in OP. To facilitate the solution, we first decompose
the problem.

B. Problem Decomposition

In OP, it is noted that unlike uy, +, the effects of wy, ; and ®;
on the weighted Aol are indirect. Specifically, they essentially
affect the generation of scheduling strategies by changing the
SINR performance of the system at each time slot, which next
affects the Aol. Therefore, we decouple OP into the following
two subproblems:

1) Precoding and RIS Design Subproblem: Considering the
power constraint in (2), we focus on how to satisfy the SINR
requirements of the scheduled UEs at each time slot with
less power consumption by the joint design of precoding and
RIS phase shifts. When the scheduling strategy is given, the
subproblem can be written as

OP1: mln Z |[wi.o||? (12a)
we, Bt ke

st. gms € F, Vm e M, (12b)

Vit > Yth, Vk € ICt> (12C)

where w, € CN7*E¢ 5 the precoding matrix at time slot .
2) Scheduling Strategy Design Subproblem: When the pre-
coding matrix and the RIS phase shifts under the given

scheduling strategy are known, OP is reduced to
K T

1
OP2:min —— Z Z prwrA.; (13a)
k=1 t=1
K
D uky = Ki < Kpag, ET, (13b)
k=1
S llwrel?P <P VteT, (13¢)
ke,
ugt € {0,1},Vke K, t e T. (13d)
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IV. WEIGHTED AOI MINIMIZATION

In this section, we first propose a joint design method for
precoding and RIS phase shifts for a given scheduling strategy,
and then design the scheduling policy to minimize the average
weighted Aol.

A. Precoding and RIS Design

We first focus on the design of precoding and RIS phase
shifts for OP1. For precoding scheme w;, we adopt a
zero-force (ZF)-based linear precoder to eliminate the multi-
user interferencei The precoding matrix is given by w; =
H,(H[H,)"'P? [21]. Hf = HY + H!®,G denotes the
channel matrix at time slot ¢ with H = [, he g, 17
and HY' = [hyr,, -, hak,, |7, where Ky = {k1,--- kg, }
represents the set of scheduled UEs at time slot ¢. Py, =
diag(pk,, - , Py, ) is the received power matrix in which
pi represents the received power at UE k. Thus, the trans-
mit power can be rewritten as Pr = ) [[Wk
tr(P%(HtHHt)_lPt‘%), and Constraint (12c) can be trans-
formed into pi/0? > v, Vk € Ky.

Note that the optimal solution of OP1 corresponds to the

case when Constraint (12¢) is met with equality. Thus we have
Pr = 02V, Yk € K. Then, OP1 can be reduced to

OP3 :min w(P2(HYH,)'P?)

(14a)

s.t. om+ €F, Yme M. (14b)
Now the power minimization problem only depends on the
RIS design. Considering the discrete phase shift values, we
adopt a local search method to optimize the RIS phase shifts.
Specifically, we successively optimize each RIS element while
fixing the phase shifts of the remaining M — 1 elements. We
traverse all the possible phase shifts from F for each element
and select the phase shift corresponding to the minimum
transmit power as its optimized phase shift. Then we use it
for the phase shift optimization of other RIS elements until all
the phase shifts are optimized. The details of the precoding
and RIS design method are shown as Algorithm 1.

B. Weighted Aol Minimization

For OP2, we need to design a scheduling strategy to
minimize the average weighted Aol, which depends on the
Aol performance of each UE and the satisfaction of UE trans-
mission requirements. This imposes two requirements on the
design of the scheduling strategy: 1) the strategy shall satisfy
the transmission requirements of as many UEs as possible; 2)
the strategy shall achieve a good Aol performance. Motivated
by this, we propose a heuristic scheduling algorithm which is
presented in Algorithm 2.

Specifically, let IC; denote the set of UEs that have not
received enough packets. First, at each time slot, we check the
satisfaction of each UE’s transmission requirement and obtain
Ks as in lines 3-8. Then, we calculate the priority value of
each UE in ;. Considering both Aol and gj, we design the
priority value as

i max — 1
Okt = Wi (qm B (pqna ) +t- tk,la) ;
k

15)

Algorithm 1 Precoding and RIS Design

Input: G; H'; Hi'; M; b; Ke: t; 075 v

Output: wy; ®,; Pr

Initialization: randomly generate ®

1: Calculate the received power of scheduled UEs by pr = o2y
and obtain Py;

2: form=1:M do
33 Pr=+o0;
4: forps=1:2"do
5: Update ®; with pn, ¢ = (ps - 1)%{;
1
6 Calculate w; by w; = Ht(I_}fIHt)_IPE;
7 Calculate Pr by Pr = tr(P? (Hth)_1P?)§
8 if Pr < Pr then
9: P; = Pr, o5t = ©m,
10: end if
11: end for
12:  Update ®; with ¢y, ;;
13: end for

1
14: Calculate w; by w; = H;(HI H,) 'P2.
1 1
15: Calculate Pj by Pj = u(P? (HH,) 'P?).

Algorithm 2 Weighted Aol Minimization

Input: KT 4k Pmazx; Wk; Kmaz; P

Output: U*, W™, &*

Initialization: wuy. = dp,c = 0,Vk € K,t € T; ¢ = 0,Vk € K,
e =0,Vk e IC; Ks =K

1: for each time slot ¢ do

2 ’Ct = (Z), Kt = O;

3 for each UE k in ks do
4 Calculate qf ;

5 if g; > g then

6: ’Cs = ’CS - {k}’

7 end if

8 end for

9:  Calculate the priority values of the UEs in & using (15);
10:  Sort the UEs in Cs in decreasing order by priority value;
11:  for each UE k (1 <k < |K|) do

12: if Ki < Ko then

13: Uk,t = 1, ICt = ICt U k’;

14: Obtain wy, ®;, and Pr using Algorithm 1,
15: if P; < P then

16: K = Ki+1, tkﬂ]a =1, dkﬂ; =1, Wr = Wi, ‘I’r = Py;
17: else

18: Ug,t = 0, Ke =Ky — {k},

19: end if

20: end if

21: end for

22: end for

23: Output U™ = {ug,| Vt € T,Vk € K}, W* = {wj|Vt € T},
and ®* = {®;| vVt T}.

where ¢min = mi}ICl{qk} represents the minimum requirement
ke

among all the UEs, tj 1, denotes the time slot when UE k was
last scheduled before time slot ¢. The former item in (15) is
related to UE requirements. We prioritize the UEs with lower
requirements, which helps to satisfy more UEs’ requirements
in a fixed time interval. The latter item (¢ — ¢4 1,) denotes the
Aol reduction at UE £ if the UE is scheduled at time slot ¢.
The UE with a higher Aol reduction has a higher priority.
Following the calculation of the priority value, we test each
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UE in the descending order of priority as in lines 11-21. If
the number of UEs in K; is less than K, .., the current UE
k is added to K;. Then, Algorithm 1 is adopted to optimize
the precoding and the RIS phase shifts to obtain the minimum
transmit power P7. The current scheduling policy is retained
only when P7. does not exceed P. After the iterations for T
time slots, we can obtain the overall scheduling strategy and the
corresponding precoding and RIS design scheme, thus solving
OP.

V. SIMULATION RESULTS AND DISCUSSIONS

In this section, we evaluate the performance of the proposed
algorithm under various representative parameter settings. The
BS and the RIS are located at (2 m, 0 m) and (0 m, 40 m),
respectively. Eight UEs are uniformly distributed in a circle
centered at (10 m, 40 m) with a radius of 5 m. The height
of the BS, the RIS, and the UEs are set to 10 m, 2.5 m,
and 1.5 m, respectively. The complex gain in (5)-(7) follows
CN(0,107%1%), where the path loss is x = a+ 10blog;,(d) +
&, where d is the distance between the transmitter and the
receiver, and & ~ N (0, O'g) denotes the large-scale fading. The
values of a, b, and o¢ are set as a = 61.4, b = 2, and 0¢ = 5.8
dB for the LOS channel and a = 72, b = 2.92, and o¢ = 8.7
dB for NLOS channels [10]. The Rician factor, representing the
ratio of the energy in the LOS path to the sum of the energy
in all the NLOS paths, is set to 13.2 dB for the BS-RIS and
RIS-UE channels.

In addition, we set the number of time slots 1" to 50. The
maximum number of concurrently scheduled UEs K,,,, is set
to 4. The importance of all the UEs is set to 1. According to
the different packet requirements of UEs, we divide UEs into
three types: H-UE, M-UE, and L-UE. The packet requirement
of the three types of UEs is 40, 30, and 20, respectively. We
assume that there are 2 H-UEs, 3 M-UEs, and 3 L-UEs in
the system. Note that the time slot resource cannot satisfy
the requirements of all the UEs. Other parameters are set as
listed in Table I. We also compare the proposed algorithm with
two baseline schemes: 1) Random-RIS: RIS phase shifts are
randomly generated in this algorithm; 2) No-RIS: there is no
RIS in the system, and only the BS-UE link exists.

First, we investigate the impact of the penalty factor p,,qz.
Fig. 2 plots the number of satisfied UEs versus p,,q, with
M = 256 and -4, = 10 dB. One can observe that for both
Random-RIS and No-RIS, increasing p.,,q4, leads to the system
satisfying the transmission requirements of more UEs. For the
proposed algorithm, the increase of the number of satisfied
UEs becomes stable when p,,,, is more than 5. At this time,
except for the two H-UEs, all the other six UEs are satisfied.
Another observation is that the proposed algorithm outperforms
the other two schemes. This is because the deployment and
proper design of RIS improve the link quality and allow more
UEs to be served in a time slot.

Fig. 3 shows the effect of p,,4, on the average Aol with
the same parameters as in Fig. 2. The results indicate that
the proposed algorithm achieves the minimum average Aol,
evidencing the benefits of RIS in terms of information freshness

TABLE I
SIMULATION PARAMETERS

Parameter Value
Maximum transmit power P 38 dBm
Noise power o2 —90 dBm
Carrier frequency f. 28 GHz
Number of paths Lg, Ly, Ly 4,4,4

Number of transmit antennas N 64
Quantization bits of RIS b 3

Fig. 2. Number of satisfied UEs versus penalty factor pymaq-

I'?f ,Jé

5 7 9 1 13
Penalty Factor ..

Fig. 3. Average Aol over T time slots versus penalty factor prmaz.

enhancement. Additionally, as p,,q, increases, the difference
in priority value between UEs with varying requirements
increases. Consequently, UEs with lower requirements will be
more likely to be scheduled early, while the Aol of UEs with
higher requirements simultaneously increases. When p,,q, <
5, the Aol reduction for UEs with lower requirements exerts a
more significant impact on the average Aol, thereby causing a
decrease in the curves of all three schemes as p,,,q, increases.
Conversely, when p,,q, > 5, the Aol increase for UEs with
higher requirements dominates, leading to an increase in the
CUIVES aS Pmqqy INCTEASES.

Fig. 4 illustrates the average weighted Aol versus the number
of RIS elements M with p,,4, = 5 and 4, = 10 dB. We can
observe that for the proposed algorithm, the average weighted
Aol decreases with the increase of M. The reason is that
increasing M enhances the SINR performance of the system.
When M is sufficiently large, the first K., UEs with the
highest priority value for each time slot can be scheduled,
thereby stabilizing the average weighted Aol. In comparison,
due to the failure to generate effective reflection beams, the
increase of M has less effect on the average weighted Aol for
the Random-RIS scheme. It is also noted that as M increases,
the proposed algorithm exhibits more pronounced advantages
over the other two schemes, which reflects the benefits of the
joint optimization with RIS.

Finally, in Fig. 5, we examine the average weighted Aol un-
der different SINR threshold ~;;, with p,,q = 5 and M = 256.
When ~,j, is small, all the three schemes can schedule K,
UEs with the highest priority at each time slot, and so they have
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the same average weighted Aol performance. However, with
the increase of 7y, the number of UEs allowed for concurrent
scheduling reduces, thus leading to an increase in the average
weighted Aol for all the three schemes. Nevertheless, due
to the proper joint optimization, the proposed algorithm can
effectively mitigate the degradation of the average weighted
Aol compared to the other two schemes.

VI. CONCLUSIONS

In this paper, we investigated to minimize the average
weighted Aol in the RIS-assisted downlink mmWave system,
which was defined as a function of Aol and UE transmission re-
quirement satisfaction. Considering the multi-user interference
and the transmit power constraint, we first designed precoding
and RIS phase shifts to minimize the transmit power required
to satisfy the transmission requirements of the scheduled UEs.
Then, a heuristic scheduling strategy was proposed to minimize
the average weighted Aol. Simulation results showed that the
proposed algorithm effectively reduced the Aol and improved
the number of satisfied UEs by deploying RIS and performing
joint optimization. The performance of the proposed algorithm
was closely tied to the selection of the penalty factor. Addi-
tionally, compared with the other two schemes, our approach
offered considerable benefits in minimizing the system’s aver-
age weighted Aol for varying numbers of RIS elements and

SINR thresholds.
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