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Abstract. In future sixth generation (6G) cellular networks, service
requirements for enhanced mobile broadband (eMBB) and ultra-reliable
and low latency Communication (URLLC) will become more stringent,
resulting in severe power consumption and spectrum scarcity. This paper
studies the resource allocation problem in the case of Reconfigurable
Intelligent Surface (RIS) assisted coexistence of eMBB and URLLC ser-
vices, to maximize the eMBB user’s minimum expected achieved rate
(MEAR) while ensuring the quality of services (QoS) for URLLC users.
We adopt the alternating direction multiplier method (ADMM) to opti-
mize the RIS phase shift matrix and propose a heuristic algorithm for
allocating eMBB resource blocks (RB). In addition, a proportional fair-
ness (PF) algorithm is used to allocate URLLC services to ensure fairness
among eMBB users. Compared to no RIS, simulation results show that
the proposed scheme improves approximately 20% MEAR, requiring only
60 RIS elements, and it has significant advantages over other schemes.

Keywords: eMBB - MEAR - fairness - URLLC -+ RIS - RB allocation

1 Introduction

The services supported by the fifth-generation (5G) new radio are mainly
divided into three categories, namely, enhancing mobile broadband (eMBB),
ultra-reliable and low-latency communications (URLLC), and massive machine-
type communications (mMTC). eMBB is a human-centered application scenario,
which is characterized by ultra-high data transmission rate, wide coverage, and
mobility guarantee. The URLLC not only requires a link delay of 1 ms but also
supports high-reliability connection under high-speed mobile conditions. The
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mMTC has a strong linkability, which can quickly promote the deep integra-
tion of various vertical industries (smart cities, intelligent furniture) [1]. These
applications in future B5G and 6G networks are expected to support higher
transmission rates, stricter latency, and reliability requirements [2].

Recently, More and more scholars begin to pay attention to how eMBB and
URLLC allocate resources more effectively under the same physical resource
block. The author in [3] proposed a coexistence mechanism of eMBB and URLLC
to maximize the MEAR of eMBB users. The literature [4] adopted one-to-one
matching superposition and puncturing technology to allocate URLLC resources,
which greatly improves the MEAR of eMBB compared with single puncturing
technology. [5]proposed a low-complexity algorithm for many-to-many pairing
to increase the number of services for URLLC users and reduce the impact
on eMBB rates. In [6], the authors proposed a modern risk-averse approach
in portfolios that considers eMBB data rate variance to reduce the impact of
immediately scheduled URLLC traffic on eMBB reliability. The authors of [7]
introduced a risk-sensitive approach to protect low data rate eMBB users from
puncturing. [8] introduced the same risk-sensitive scheme as literature [7] to
study resource allocation under eMBB and URLLC coexistence under M/G/1
queuing model, which improved the fairness and throughput among eMBB users.
[9] investigated the coexistence mechanism of eMBB and URLLC in MIMO-
NOMA systems, introducing an eMBB user clustering mechanism to balance the
throughput and computational complexity of the system. [10]considered the sub-
carrier and power allocation issues in distributed MIMO system and improved
the energy efliciency of eMBB and URLLC services by selecting orthogonal and
non-orthogonal scheduling schemes. The Paper [11] proposed a hierarchical deep
learning framework to address the dynamics of eMBB and URLLC services. The
above literatures [3—11] considered the maximum eMBB and URLLC utility with
limited resources at the base station (BS). However, as the quality of service for
6G applications increases, the applications will require more energy and spec-
trum resources. Thus, a new framework for RIS-assisted resource allocation in
eMBB and URLLC coexistence scenarios was proposed in [12]. The eMBB sum
rate can be increased to 70% gain. The RIS-assisted wireless communication
networks have low hardware costs and energy consumption. The RIS has the
advantages of small size and low cost, and can be flexibly deployed on the walls
of buildings, light beads, etc [13].

As far as we know, most of the work in the above literatures focus on mini-
mizing the impact on the eMBB users rate while satisfying the quality of service
of URLLC, ignoring eMBB inter-user fairness and MEAR, and eMBB users in
urban areas can suffer from poor direct path channel gain due to occlusions,
which affects the user’s service quality. However, the RIS improves the channel
conditions of the wireless communication environment, so it is necessary for us
to study the maximization of the MEAR and the guarantee of inter-user fair-
ness in the case of RIS-assisted coexistence of eMBB and URLLC. Our main
contributions are:
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1) We introduce RIS into a new framework for resource allocation for eMBB
and URLLC services with the optimization objective of maximizing eMBB
users MEAR.

2) In order to solve the optimization problem efficiently, we divide it into two
sub-problems to solve: the resource allocation phase for eMBB users and the
resource allocation phase for URLLC users.

3) Firstly, for the eMBB resource scheduling phase, the ADMM algorithm is
used to optimize the phase shift matrix of RIS to improve the channel gain for
eMBB users. Secondly, we propose an efficient heuristic allocation algorithm
to improve throughput and MEAR. In addition, to satisfy the URLLC users
Qos and not to destroy the fairness of eMBB users, a proportional fairness
(PF) algorithm is applied to allocate resources for URLLC users.

4) Finally, we simulate and analyse the proposed allocation scheme and com-
pare it with the heuristic eMBB allocation scheme for maximizing MEAR
[3]and the maximizing sum rate eMBB allocation scheme [12]. For a fair
wireless communication environment, the comparison schemes also add RIS.
the benefits of adding RIS and the advantages of the proposed scheme can
be demonstrated.

The remaining sections are organized as follows. Section 2 introduces the
system model and problem formulation. The solution to the above problem is
presented in Sect. 3. Simulation results and discussion of the optimization prob-
lem are given in Sect. 4. Section 5 provides a summary of this paper.

2 System Model and Problem Formulation

2.1 System Model

As shown in Fig. 1, we consider the scenario of downlink radio access network
transmission, where a BS serves a set of eMBB users and URLLC users randomly
distributed in the coverage space, and the RIS supports only eMBB traffic. The
set of eMBB users and the set of URLLC users can be denoted respectively
as E = {1,2,...,e} and U = {1,2,...,u}, The total bandwidth is split into
B ={1,2,...,b} resource blocks (RB) with equal bandwidth f;. A RB occupies
12 sub-carrier in frequency. The time domain is divided into time slots of the
same time length A. The time slots is denoted as T'= {1,2,...,t} , To meet the
lantency requirements of URLLC traffic, Each time slot is divided into mini-slots
denoted by M = {1,2,...,m}. The URLLC traffic arrival each mini-slot follows
Gaussian distribution, i.e., U ~ N(\,02), A is the mean of U, o2 represents the
variance of U

The RIS consists of N reflecting elements and a micro-controller to adjust
the phase shift, and it dynamically adjusts the channel propagation environment
between the BS and the eMBB users. The phase shift matrix of RIS is represented
by ® = diag[¢1, ¢2,...,on] € CV*N where for all n € N, ¢, = €% | 0, €
[0,27) denotes the phase shift of nth reflective element. We assume that the
channel state information (CSI) between the BS to all users, the BS to the RIS,
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URLLC_user

—»  From BS to RIS — — 4§ From BS to URLLC_ user
~———»  From BS to eMBB_user ——p Puncturing
————» From RIS to eMBB_user

Fig. 1. System Model

and the RIS to the eMBB users is completely known. The channel coefficient
between the BS and RIS is denoted by the channel vector G € CN*! In addition,
Let hyise € CN*1 and hpse € C**1 denote the channel vectors from the RIS
to the eth eMBB user and from the BS to the eth eMBB user for all e € E,
respectively.

For all e € E, The achieved data rate in [bps/Hz] of eth eMBB user at time
slot t can be approximated as

(1)

Re(t) =) al(t)log,

2
beB H

2
(1 P |hps,e + hE, @G| )
where P is transmission power form the BS to each RB, u? = fj, x Ny is channel
noise power, Ny is noise spectral density ,a® (¢) is the eMBB user scheduling
indicator at any time slot t as follows:

ab (t) =

{ 1, if RB b is allocated fore € F att € T )

0, otherwise

Since URLLC packet is very small, the Shannon’s capacity formulation can
not be applied to calculate URLLC users data rate, The achievable data rate of
a URLLC user over a RB b can be given by [17,18] :

hay, ’p V., Q!
() loss <1 T ) - \E @ )
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-2
where h,, is the channel gain of URLLC user u, V,, = (1 - (1 + l}JLV Ifb ) ) is

—¢2

the channel dispersion , @ (.)71 is the inverse of @ (z) = fmoo e\/; dt ,N, is the

finite blocklength of u. when a URLLC user requires multiple RBs, its achievable

data rate looks like as follows:
= A () R (b) (4)

beB

where v," (t) is the URLLC user scheduling indicator at m € M of any time
slot t as follows:

() = 1, if RB bis allocated forue U at me M ofte T (5)
w,b 0, otherwise

The reliability constraint for the URLLC service is to ensure that its prob-
ability of disruption is less than or equal to a small positive number e.

I <u

uelU

<e (6)

where I (t) is the indicator for the serving URLLC users as follows:

1, ifu e Uisserved forat me M of t € T
0, otherwise

I (t) = { (7)

The payload £ (t) of URLLC user u € U needs to be transferred within
the stipulated period §, it needs to satisfy the following:

LM (@) &) () <R (1) (®)

The eMBB rate loss is proportional to the number of URLLC punctures,
so we adopt the linear rate loss model from the literature [14]. Therefore, the
actual achievable rate of eMBB user e € E at time slot t is as follows.

actua P hbs e+ hms ei)G 2
RE () = S0l = 3 ST 1(0k0) = (1) logg (1 4 T1ene s, 2G
beB meM ueU #

9)

The average actual achievable rate for the eMBB user e is expressed as:
Rmactual |T| ZRactual (10)

The MEAR among eMBB users is represented as follows:

Ré\/lactual (t) _ Iglel}zl (R;nactual (t)) (11)
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Accordingly, the RIS-assisted eMBB/URLLC joint phase shift matrix and
resource allocation problems are as follows:

max RMactual (3) (12)
a,y,P
st. 0<46, <2m,VneN, (12a)
> ab(t)<1,VbeBVteT, (12b)
ecE
Z%b ) <1,¥b€ B,Vm € M, (12¢)
uelU
d ab(t)>1,Vec EVLET, (12d)
beB
DL () () = LVu e U Vm € MVt €T, (12¢)
beB
IT ()& (t) <R} (t),Yu e UVm e M,VteT, (12f)
P> IMt)<U| <eVmeMVteT, (12g)
beB
SNty + >N 1), (1) < Bl Yme MVt eT, (12h)
ecE beB uelU beB
al (), 70 ), I (t) € {0,1} Ve € E,Vb € B,Yu € U,Vm € M,Vt € T.
(12i)

In (12), the phase shift constrains of RIS is preserved by (12a). The orthog-
onality of RBs between eMBB and URLLC UEs is denoted by constraints (12b)
and (12c ), respectively. Constraints (12d) and (12e) indicate that eMBB and
URLLC users require at least one RB. constraints (12f) and (12g) denote the
latency and reliability limits of URLLC respectively. The total RBs limitation is
presented by constrain (12h). Constrain (12i) denotes that per parameter of «,
~ and I are binary. The above optimization problem is divided into two parts,
eMBB resource allocation and URLLC resource scheduling, to be solved sepa-
rately.

3 Solution Approach

3.1 eMBB Resource Allocation

We first consider the problem P; of eMBB resource allocation. Due to P; is
a mixed-integer nonlinear programming (MINLP) problem, it can’t be solved
directly and need to converted to convex form. We divide the problem into the
optimization of phase shift matrix P 1 and the allocation of eMBB RBs P5.
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Py max RMactual (¢) (13)

a,d

st Y Y () <|B|,\VteT (13a)

ecEbeB

> ab(t)<1,VbeBVLeT, (13b)
eelE

> al(t)>1,Vec BVt eT, (13¢)
beB

ab (t) € {0,1} ,Ye € E,Vb € B,Vt € T, (13d)
0<0,<2r,YneN (13e)

For a fixed RB, P; reduces to a phase shift matrix optimization problem
which can be denoted as:

P11 max RMactual () (14)

st. 0<6,<2mr,Vn=1,...,N (14a)

Let us define a vector denoted by & = [z, 2o, ... mN]H, where z,, = e/,
We get |y + b, @G |2 = |hbs,e +ch\Il|2 by variable conversion, where

r18,€

¥ = diag (hH ) G, and ¥ € CV*!. Thus the channel gain between the BS

T1S,€

and eMBB user e can be rewritten as:

|hbs,e + ar:H\Il|2 =i owly + hbs,e‘IlHa: + 2" Wh!

bs,e

+ |hbs,e|2 (15)
where Al is the complex conjugate of h. through the introduction of the auxiliary
variable (, P1.1 can be expressed as :

Pro max RMactual () (16)

st. |zl =1,Yn=1,...,.N+1 (16a)
where channel gain of the objective function is <§3HQ.’f} + |hb5,e|2), and € can
be written as follows:
H T
AUA . 'Z[lhbs,e F = x (17)
hbs,e‘Il ) 0 C

To maximize the objective function in problem P; 5, it is necessary to maximize
Z. Therefore, The optimization problem can be simplified as:

Q=
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P13 max Z1QF (18)
x

st. |Z,=1,Vn=1,...,N+1 (18a)

In order to solve the constant modulus constraint problem, we adopt the
ADMM [15] to obtain the optimal solution. The ADMM algorithm optimises
the phase shift matrix as detailed in Algorithm 1. Py 3 need to organize into the
ADMM optimization form as follows

Pia max Z1QT (19)
st. Jenl=1Vn=1,...,N+1 (19a)
T=¢ (19b)

The scaled augmented Lagrangian function is written as:
_ _ _ ., P~ 2 2
Ly @ ev) =303+ £ (|3 — @ +v|* ~ |vI) (20)

where p > 0 is a penalty factor. The update iteration form of ADMM is as
follows:

" = arg minL, (z, ", I/k) (21)

@" ! = arg min L, (zﬁkﬂ, P, I/k) (22)
7]

I/k+1 — jk-ﬁ-l _ (pk"rl + Vk (23)

B+l _

Based on (20), subproblem (21) is equivalent to solve &
arg min 27 Qx + g H:E — k4 Uk H2 . We can achieve the solution as follows.
xr

= 20+ p) ' (" — k) (24)

Based on (20), subproblem (21) is equivalent to solve @*t! =
arg min £ Ha‘:k""l —p+vk H2 . We can achieve the solution as follows.
©

(pk+1 — l/k + jk+1 (25)

Algorithm 1. ADMM Algorithm

1: Input: p,2°, % v k=0

2: While stopping condition is not satisfied
3: Compute 1 by (24)

4 Compute @*+! by (25)
5: Update v by (23)
6
7

Update k — k+ 1
Output: optimal Z
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For a feasible phase-shift solution, the RBs allocation problem is formulated
as:

P> max Ré”“cmal (t), (26)

[0

st > Y ab(#)<|B|,VteT (26a)

ecE beB

> ab(t)<1,VbeBVLeT, (26b)
ecE

Y al(t)>1,Vec BVt eT, (26¢)
beB

ab (t) € {0,1},Ve € E,Vb € B,Vt € T, (264)

The optimization problem Ps is a non-convex problem due to the binary
parameter «. In order to transfer more RBs in a limited time slot t, we propose a
low-complexity heuristic algorithm for allocating RBs to eMBB users. In order to
improve the MEAR of eMBB users, the eMBB user with poor channel condition
needs more RBs. By optimizing the phase shift matrix of the worst eMBB user
channel conditions, the number of RBs deprived from users with better channel
conditions can be reduced, thus improving the transmission rate of the whole
system. To make up for the rate loss suffered by eMBB users before, we consider
both the average achievable rate of eMBB users in the past time slots and the
channel conditions of the current time slot.The priority for RBs is given to eMBB
users with poor channel conditions and low average achievable data rates. The
specific details of eMBB RBs allocation are shown in Algorithm 2.

Algorithm 2. eMBB Resource Allocation
1: Imitialization: i, j,l,i =1
2: Select eMBB users with the worst channel conditions to optimize the RIS phase
shift matrix by Algorithm 1

3: while s < |T| do

4: E(e) «— RBs =1 and calculate R., Ve € E
5: rRBs = |B| — | E|

6: for j =1:rRBs do

7 for/=1:|E| do

8: E(l) « H = Rl (t — 1) + R; (t)
9: end for

10: id = minArgce (E (.) — H)

11: E(id) - RBs+1

12: end for
13: Update i «— i+ 1
14: end while
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The interpretation of Algorithm 2 is as follows:

(1) Initialization related parameters.

(2) The eMBB user with the worst channel conditions is selected for optimiza-
tion of the RIS phase shift matrix.

(3) Allocate a RB to all eMBB users in order to calculate the achievable data
rate for the current channel conditions

(4) Calculate the sum of the actual average data rate for all past time slots of
the eMBB user and the data rate achieved by the current channel conditions

(5) Select the eMBB user corresponding to the minimum value according to the
result obtained in step 10 and increase the number of RBs for this eMBB
user by 1.

(6) Repeat steps 4-7 until all RBs have been allocated.

3.2 URLLC Resource Allocation

The URLLC resource allocation problem can be expressed, for given RBs and
P as follows

Ps  max RMactual () (27)
ol
Y > @ t) < |B|,Ym e M,Vt €T, (27a)
uelU beB
Z%b y<1,¥be B,Yme MVt €T, (27b)
uelU
DL () () > 1L,Yu e U Vm e MVt €T, (27¢)
beB
I™ (1) & (t) < SR™ (t),Yu € U,Ym € M,Vt € T, (27d)
ML) <U| <eVmeMVteT, (27¢)
beB
Yan (), L (t) € {0,1} ,Vu € U,Vb € B,Ym € M,Vt € T, (271)

Ps is still a non-convex problem because of its probability constraints and
binary parameters. If P3 is treated in a relaxed way and then solved by con-
vex optimization method, it will often violate the strict delay requirement of
URLLC. Therefore, in order to meet the delay requirements and reliability con-
straints of URLLC, we adopt puncturing scheduling and PF algorithm to arrange
the resource allocation problem of URLLC users. According to Algorithm 2, the
eMBB users have completed resource allocation at the time slot boundary. All
resource blocks are occupied by eMBB users, URLLC users choose the punc-
turing technique to seize spectrum resources from the eMBB users. The RBs
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allocation of URLLC users is shown in Algorithm 3. The purpose of the PF
scheduler is to maximize the data rates for eMBB users while ensuring fairness
among eMBB users. SI" (t) denotes the average data rate of the eMBB user e
at mini-slot m of time slot ¢ as follows:

s =(1-5) s o+ () rte (28)

where R™~1 (t) represents the data rate of eMBB user e at mini-slot (m — 1) of
time slot t. The objective function of the PF scheduler is expressed as:

max (Jm) (20)

Algorithm 3. URLLC Resource Allocation at m of t

: Initialization: e,u,m
: for win set U do
for e in set £ do

1 Zwt—l Rm—l .. m
Calculate avgRy = &m=l—c¢— and the current mini-slot m R¢

1

2

3

4

5: Calculate @ (e) = (1 — L) avgR?"™ " + (L) R
6 u selects max (@ (e)) RBs for puncturing
7 end for

8

: end for

The interpretation of Algorithm 3 is as follows:

—_

Initialization related parameters.

2. Calculate the sum of the average data rate of eMBB users in all mini slots
before m and current mini-slot m eMBB users data rate.

3. Select the eMBB user corresponding to the maximum value according to the
result obtained in step 5 and URLLC users puncture this chosen eMBB user
RBs

4. Repeat steps 2—3 until all URLLC users in m at t have been allocated.

4 Computational Complexity Analysis

This section presents the complexity of Algorithm 1, 2 and 3. The main com-
putational complexity in Algorithm 1 focuses on matrix inversion in step 3, and
its computational complexity is O(|N + 1|3). Steps 4 and 5 are simple vector
addition and subtraction which can be ignored. Therefore, the overall compu-
tational complexity of Algorithm 1 is O(|N + 1]*). As for Algorithm 2 for per
time slot, to allocate the remaining resource blocks to eMBB users is (|B| — | E|).
The complexity that per RB needs to be allocated is O(]E|). The total compu-
tational complexity of Algorithm 2 in the whole time slot is O (|E| |B| |T]). The
overall computational complexity of Algorithm 3 in each mini-slot amounts to
0 (U] |E).
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5 Simulation Results and Discussions

5.1 Simulation Setup

In this scenario, we consider a cellular radio network consisting of a BS and a
RIS, and assume a coverage area of 200 m radius centered on the BS. The RIS is
deployed at 50 m from the BS. The BS and each user (eMBB users and URLLC
users) are respectively equipped with an antenna. Table 2 gives the important
parameters for this simulation work. We assume that a physical resource block
can satisfy the reliability service requirements of a URLLC user. It is assumed
that the link between the base station and the users and the link between the RIS
and the users are quasi-static flat fading Rayleigh channel. The large-scale fading
model is expressed as PL = f3 (dbs,e/u)fgo, and PL = 31 (dps,ris)” " (dris,e)” @,
where d; ; denotes the distance between 7 and j, By and $; are path loss at the
reference distance, gg, 01, 02 are the path loss exponents. We assume that BS-
RIS channel follows Rician fading , The Rician fading channel can be denoted

as
_ K tLos I NLos
/= (\/mf A ) (30)

where s denotes the Rician factor, f°5 and fN°S are the line-of-sight com-
ponents and the non-line-of-sight components, respectively. The channel f is a
Rayleigh fading channel when x = 0. Let x = 10 [19], The channel f is a Rician
fading channel (1).

Table 1. Summary of the simulation setup

Parameter | Value Parameter | Value

P 30 dBm No —114 dBm
|B| 50 M 8

|E| 10 € 0

A 1,2,...,9 ) 0.125 ms
fo 180 kHz T 1000

N 60 o? 1

Bo, b1 —30 dBm, —40 dBm | 0o, 01,02 |3.5, 2.2, 2.8

The simulation results are compared with the results of the following
advanced allocation schemes. Baselinel:Resource allocation scheme for co-
existence of eMBB and URLLC services in the literature [3]. Baseline2: Allocate
resource blocks equally to each eMBB user at the beginning of each time slot
[12]. The following are two performance evaluation parameters for eMBB users:
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(1) The calculation of MEAR is as follows:

IT|

: 1 actual
MEAR = min | — > Reetal(t) | Ve € B, (31)

t=1

(2) The calculation of Fairness is denoted by Jain’s Fairness Index [16]:

< Z ﬁzlillectual (t)) ’
B« ¥ (i SIE, Reetwat (1))

Fairness =

5.2 Simulation Results

We compare the MEAR of different methods with different A, as shown in Fig. 2.
The Proposed scheme produce a higher MEAR, compared to Baselinel and Base-
line2 schemes. This is because the Proposed scheme takes into account not only
the loss of previous time slots for eMBB users, but also the channel conditions
of the current slot. With the increase in A, the proposed scheme and baselinel
decrease accordingly, as the number of resource blocks allocated to URLLC uers
increases. Baselinel MEAR has not changed because the current number of
URLLC uses does not yet threaten the rate of the lowest user. In addition, when
the RIS elements is 60, we observe that the Proposed_add_ris scheme improves
MEAR the most, due to the fact that RIS improves the channel conditions for the
lowest eMBB users, thus eliminating the need to deprive more resource blocks
from users with better channel conditions to compensate for users with poor
channel conditions.

Figure3 shows the different A comparing the fairness of the different
schemes. The RIS elements is set as 60. Figure 3 reveals that the fairness score
curve for the Proposed scheme is stable at 0.99. Compared to the Baselinel and
Baseline2 schemes, the Proposed scheme achieves significant fairness. Compared
to Baselinel, Baselinel _add_ris scheme fairness score improves by 0.02 when
A= 1. Compared to Baseline2, Baseline2_add_ris scheme fairness score improves
by 0.04 when A = 1. Compared to Proposed, Proposed_add_ris scheme fairness
score improves by 0.008 when A = 1. This is because when RIS is introduced,
the transmission data rate of eMBB users with worse channel conditions can be
improved. thus reducing the data rate gap among eMBB users. The proposed
scheme has the highest fairness, which is due to the consideration of the average
rate of all the previous time slots and the current time slot channel, where users
in the low average rate and poor channel gain are given priority in the allocation
of resources.

The empirical cumulative distribution function (ECDF) and MEAR is
shown in Fig.4, We evaluated the results with A = 15, When RIS is not
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added, the probability of the Proposed scheme below 5 bps/Hz is 0.08, while
the probabilities for Baselinel and Baseline2 are 0.18 and 0.23 respectively. The
Proposed scheme ensures the goal of maximizing MEAR among eMBB users.
When N = 60 RIS elements is added, the probability of the Proposed_add._ris
scheme below 6 bps/Hz is 0.08, compared to 0.20 and 0.21 for Baselinel _add_ris
and Baseline2_add_ris, respectively. It can be concluded that Proposed_add_ris

scheme can achieve better MEAR performance.

1.0 { —&— Proposed ¥ * ¥ ?
—-&- Proposed_add_ris I' : 1
—#k— Baselinel * 1: QI
—w- Baselinel_add_ris 1 1 ,'
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1 1
A * ‘
1 [
1 [
L 0.6 +é
S }
1
T, +e
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0.4 +
"
]
I
I
624 A~ A __-
3.5 4.0 4.5 5.0 5.5 6.0 6.5

MEAR (bps/Hz)

Fig. 4. MEAR versus ECDF

6 Conclusion

In this paper, we presented a new architecture for the coexistence of RIS-assisted
eMBB and URLLC services. The RIS was deployed to improve the minimum
eMBB channel conditions and thus increased its transmission rate, using a low-
complexity heuristic algorithm to allocate RBs for eMBB users. The PF algo-
rithm is used to allocate URLLC RBs by puncturing the eMBB users being
transmitted under the condition that the URLLC QoS is satisfied. Simulation
results verify that our proposed scheme has a better performance than other
schemes. We will continue with the following research, because solving the phase
shift matrix of RIS has a high computational complexity, it is not easy to apply
in scenarios with high latency requirements. We plan to use deep reinforcement
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learning algorithms to train the RIS phase shift matrix offline, making it possible
to deploy RIS for URLLC services.
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