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Abstract: This paper investigates the reconfigurable intelligent surface (RIS)-aided uplink multicell 1
massive multiple-input multiple-output (mMIMO) communication system with transceiver hardware
impairments (THWIs), and the practical and feasible two-timescale scheme is used to design the
phase shifts of RIS. We consider the Rician channel model and use maximal-ratio combining (MRC) 4
technology to process the received signal at BS. The expression of the uplink achievable rate is derived s
and analyzed. Besides, genetic algorithm (GA) is used to optimize the phase shifts of RIS to maximize
the data rate. Finally, the accuracy of the derived results is verified. The simulation results show that 7
appropriately increasing the number of RIS’s reflecting elements can compensate for the performance &
loss caused by inter-cell interference and THWIs, and reduce the demand for the number of BS 9
antennas, which can significantly reduce the hardware costs at the BS. 10

Keywords: Two-timescale, reconfigurable intelligent surface (RIS), massive multiple-input multiple- 1
output (mMIMO), transceiver hardware impairments (THWIs) 12

1. Introduction 13

The explosive growth of mobile data, as well as the emergence of innovative tech- 1
nologies such as virtual reality and holographic communication, require future wireless s
communication systems with extremely high data rates, seamless coverage, and ultra-high 1
reliability. Fortunately, Reconfigurable Intelligent Surface (RIS) can enable future wireless 17
communication systems to meet these requirements [1]-[3]. Therefore, RIS has been widely 1
studied. 19

The authors in [4] focus on an RIS-aided multicell multiple-input single-output (MISO) 2
system and maximize the minimum weighted signal-to-interference-plus-noise ratio (SINR) 2
Jianxin, D.; Feng Z Two-timescale through jointly optimizing the transmit beamforming vectors at the base stations (BS) and =
design for RIS-aided Multicel MiMO  the reflective beamforming vector of the RIS. The authors in [5] investigate a RIS backscatter- 2

Citation: Shilong, Z.; Weiran, G.;

systems with transceiver hardware based uplink coordinated transmission strategy and aim to maximize the weighted sum 2
impairments. Journal Not Specified rate (WSR). In [6], the authors suggest RIS be deployed at the boundaries of multiple cells to 2
2023,1,0. mitigate inter-cell interference and assist cell-edge users in communicating with BS, aiming 2

to maximize the WSR by jointly optimizing the phase shifts of RIS and the precoding =

Received:
Aiz:ti & matrix at the BS. In [7], the authors consider the phase shifts design of RIS and joint user 2
Pubhshe;l: scheduling in RIS-aided multicell downlink systems. The authors in [8] study an intelligent 2

omni-surface-aided multicell MIMO communication system and design a distributed
hybrid beamforming scheme to maximize the sum rate. In [9], besides considering the joint =
beamforming problems for a RIS-aided multicell MISO system, authors further consider =
the SINR balancing beamforming design to enhance the fairness of users by maximizing s
the minimum SINR among all users. 34

However, the transceiver hardware impairments (THWIs) in the scenario of RIS-aided s
multicell massive MIMO system have not been considered. Therefore, we investigate
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an RIS-aided multicell mMIMO system with THWIs. More importantly, the phase opti- s
mization of RIS is based on the more practical and feasible two-timescale design scheme.
Specifically, the phase shifts of the RIS are designed based on the statistical channel state s
information (CSI). In contrast, while the beamforming at the BS is designed based on the 4
instantaneous CSI, which can significantly reduce the frequency of reconfiguring RIS [10].  «
We first derive and analyze the expression of uplink achievable data rate. Then, we usea
genetic algorithm (GA) to optimize the phase shifts of RIS to maximize the sum and mini-
mum user rates. Finally, we verify the accuracy of derivation through Monte Carlo MC) 4«
simulation. The simulation shows that in the RIS-aided multicell mMIMO system with 4
THWIs, appropriately increasing the number of RIS’s reflecting elements can compensate 4
for the performance loss caused by inter-cell interference and THWIs, and also reduce the
demand for the number of BS antennas, which can significantly reduce the hardware costs 4
at the BS. 40

2. System Model 50

Figure 1. An RIS-aided uplink multicell nMIMO communication system.

As shownin Fig. 1, we consider an RIS-aided uplink multicell nMIMO communication s
system. The number of cells is L, and the RIS comprises N reflecting elements. The base =
station (BS) in each cell is equipped with M receiving antennas, both the BS and RIS adopt 53
the uniform square planar array. In each cell, the direct link between users and BSis blocked =
by obstacles, K single-antenna users can only communicate with BS through RIS, and both s
the transmitters and receivers have hardware impairments. 56

The phase shifts matrix of RIS is ® = diag{e/’, ..., e/%, ..., eN }, where 0, € [0,277), =
n=1,2,..,N, 0, represents the phase shift of element n. In the /-th cell, the channel from s
the users to the RIS is denoted by H; ,,, = [hy 1, ..., hy g, ... hyg] € CN*K 1 =1, L, where s
h; ; represents the channel from the k-th user to the RIS. The channel from the RIS to the BS &
is denoted by H; ,, € CMxN_The expressions of H; ,;, and h;  are 61

Hj . :\/171(\/ oo e + ﬁﬁl,rb>/ 1)
hy :\/Vl,k(\/%ﬁl,k‘f‘ ﬁf\z,k), )

where v; and y;  are large scale path loss factors, p; and € are Rician factors, ﬁl,rb and e
Hl,k are the none-line-of-sight (NLoS) components of the channel whose elements are
independent and identical distribution (i.i.d.) random variables following CA'(0,1). H; ;, &
and h; ; are LoS components of channel, and the expressions are 65

Hy =an (9, W50 )kl (910 9500, ®
By =an (Wl ¥ ). )
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where ¢f ,, 9], respectively represent the arrival azimuth and elevation angles from &
RIS to the BSin the I-th cell. ¢f ,, ¢, respectively represent the departure azimuth and &
elevation angles from the RIS to the BS in the [-th cell. ¢7, , ¢j, respectively represent the
arrival azimuth and elevation angles from user k to the RIS in the I-th cell. In addition, the &

expressions of ay (l,bf/rb, wf/rb) is 70
i27td (i Qi e 2md i N e T
am (W g ) = [1oy el PV b 0tE) | oV ysing (VM- t)eosty) ] 5)
where 0 < p, g < VM — 1, d represents the elements spacing, A represents wavelength. 7
Based on the above definitions, the cascaded channel in the [-th cell can be denoted by 7
G, =H,;,;,OH,,, = [g/1, -8k --81k], where g, = H} ,,Oh, . s

In the I-th cell, the transmit distortion of users is denoted by z;; = (271, .21k, .., zl,K}T, 7
where z; | represents the transmit distortion of the user k. The receive distortion of BSis

denoted by z; ,. 76
Therefore, the signal received by the BS of the I-th cell is 7
K
Vi =Gi(Px; +z1) + 21, + 0y = ) g1 (VPrixy +210) + 21, 1y, (6)
i=1

where P; = diag(\/pTl, vy \/;717) is the transmit power of users. x; = [xlll, s xl,K}T isthe
signal vector of users, and E{|x;;|°} = 1. n; ~ CN (0, 0%Iy) represents the additive white
Gaussian noise (AWGN). The transceiver distortions are described in terms of conditional s
distributions with respect to the channel realizations as z;; ~ CN(0,k; ,p;;) and z;, ~ &

L K
CN <O, ki p 'Z }Z pjil ng,igﬁ> , where k; , and k; ;, represent the severity of the residual =

j=1li=1
impairments of the transceiver. &
Then, we employ the MRC technology, and the received signal at the BS can be s
expressed as 8
(K
1 =G (‘21 81i(/PLixsi+21i) + 21 + nl)- ()
1=

Therefore, in the [-th cell, the k-th user’s signal received by the BS can be expressed as &
o (& K
"Lk =81k Z g1i (\/PrixLi +z1i) + Z 8j,i (\/ﬁxj,z’ + Zj,i) +z,+1n
i=1 =1

=il

K L K
H H H
=81 k81kv/PLkX1k + Z 81 k81,i\/ PLiX1i + Z Zgl,kgj,i\/i’j,ixj,i
N————

i=1,i#k j=1,j#l i=1
Signal
Intra-cell interference Inter-cell interference
L& H H H
"’Z Z 8118),iZji T 8 kZlr T 8 M- (8)
j=1i=1 ~—~
noise
total-THWIs
3. Analysis of Uplink Achievable Rate &

The uplink data rate of user k can be denoted by R; x = E{log, (1 + SINR; ;) }, where &
SINR; x is the signal-to-interference-plus-noise ratio (SINR) of the user k in [-th cell. The &
expression of SINR;  is given as %
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S P1k
MRy = —¢ L 4 2Lk, 2 Ty 2, 5’ ©)
IR 81181 g EE Pj,i(gz,kgj,i + L .Zl‘gz,kgj,izj‘,i + ‘gl,kz’ + 02| g1e|

Theorem 1. In the RIS-aided uplink multicell mMIMO communication system with THWIs, by = «

using [49] Lemma 1, R; y can be approximated as R; y ~ log,(1 + SINR, ;), where 0
l k
piiE
SINRl,k _ - - signal ) (10)
1, Jii Lk Lk
i 121: pi, ZEmltm + j*lzjl‘yél igl Pji ]Emter ]Ethwzs aZEnmse

2
Lk
} 4 IE:noise - 93

94

jii _
} IEmter E{ ‘ glI,{kg],l
2

Lk _ H Li A
where B, = E{’gl,kgl,k’ } Ezr:tm = E{‘gl,kg”

L K 2
E{ Hgl,kH } and Eilfwzs = E{jzl igl‘g{,{kgj’izjli

H
+ ‘gl,kzl,r

The expressions of Emgnal’ Efr{‘tra, ]E{Iiter, ]Eflﬁls . and Ei}lfms are respectively given by (11)- o

1% .
(15), where a;; = m, D (0) =ay (¢l,rb’ ‘Pf,rb) Oh;, g, is the m-th element of s
gl,kr ' 97

2
x(©)] (11)
(2MNp; + MNe, ;. + MN +2M + Nej + N + 2) 4+ N? (e;{k + 20061 % + 201 + 2€1 5 + 1) + (M+1)N (20, + 26+ 1)},

signal —

Lk 4
E = M(Z’ik X {Mp%el,k2|q)l,k(®>| + MN? (2,0:;' + E%k +201€1 + 201 + 2€1  + 1)

2 2 2 2
Eiia = Mﬂz,kﬂz,i{Mpzzel,kez,i 0)|"|®,;(0)| k(®)["(p;MN + Ney; + N +2M) + pjey,; )|
(N(oiM + €1 +1) +2M) + MN (20, + €1 + €1 + 1) + N* (MPZZ +oi(eri +ee+2) + (e +1) (e + 1))
—H— |2 H —H—
+M€l,kel,i ‘hl,khl,i + 2Mplel,kelliRe{d>l,k(®)<I>l,i(®) hl,ihl,k} , (12)
: 2 2 2 2
Elper = Mapsaj; {MPI €1k€i| @i (0)|7|®@;:(@)|" + o1k | @1k (O)|" (01MN + Nej; + N +2M) + pje;;i|®;,(O)]|
(N(le +e€x+ 1) + ZM) + MN(ZPZ + €j,i + €+ 1) + N2 (Mplz + p; (e]-,l- +e€x+ 2) + (el,k + 1) (ej,i + 1))
—_H— |2
+Meygei|hyhy;| +2Mpje e Re{ @[} (0)®;;(O) h iy k}} (13)
2
Ergise = May (ez,kpl |®1x(©)|" + Neyx + Npy + N), (14)
Lk Lk K Li L K i 4 K 2 2
/ 1 ’
IE’rhw1s kl,upl/kEsignal + kl u Z P, ]Emtra + Z kj,uz p]',iElznter + klrbM Pl,kE{ |glrkm | } + Z pl,iE{ ‘gl,im} |gl,km| }
i—Titk =LAl =1 i—Titk
L K
+ Y YrE{lsilawm*} ). (15)
j=LAli=1
4 4 2
E{ |gie, '} = aiofel| @1(@)[* + dadipiers | (N(or + €1+ 1) +2)|@14(@)* + N2| + 203N (N + €},N + N +1)
+4al N(N +1) (o + €1), (16)

E{ |81, lz\gl,km |2} = a14a1,i01 (N + €1k| @1k (O) }2) (Plel,i|¢’l,i(®) |2 + 0N + 61,1'N> + appagipi€r k| @ (©) |2

2
+ ﬂz,kaz,iPIN((Gz,k +€1,i)|@i(©)]" + 2) + aya N + apea; oy N> + apea; N (e + 1) (o + 1)N + €,;(N + 1))
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+ 2a; kay,i0; (el,iel,kRe{‘Dﬂ(@)q’z,i(g)ﬁgcﬁl,z’} + e @1 (0) 7 + €| @1(©) ’2) , (17)

]E{ 18, RETS |2} = a144;,ip] (N + €1k P11 (O) |2) (Ple‘,i’q)j,i(@) 1?4+ 0N+ €',iN) + ay kaj o€k | @k (O) ?

+ ﬂl,kﬂj,iPlN((Gl,k +€ji)| @i (O) |2 + 2) + a1 kaiN + aya;, 0 N> + apea;;N(ey e + 1) (o) + )N + €;,(N + 1))

+ 2a; 4401 (Gj,iel,kRe{d’ﬁc(@)‘I’j,i(@)Hﬁcﬁj,i} + e ®(0)) + €;,i|®;i(©) !2) : (18)
Proof of Theorem 1. Please refer to Appendix A. [ .

By observing (10), We find that the phase shift term ®; (@) is always related to the
Rician factors py, €k, €1, V1, k,i. We can conclude that if the channel in this system is fully 0
Rayleigh channel, namely p; = €;x = €;; = 0, VI, k, i, the performance of this system will be 101
independent of the phase shifts and only depends on the number of RIS elements N and BS 102
antennas M. Hence, it is important to reveal the relation between the system performance 10
and the number of RIS elements N and BS antennas M. 104

Corollary 1. In the RIS-aided uplink multicell mMIMO communication system with THWIs, 105
when N — oo and the phase shifts of RIS are random, we can approximate the rate as Rjp — 106

log, (1 + SINRy ), where 107
A
SINRy = — . ) (19)
Y. prido+ L Z pjiAs + Ag
i=1,i#k j=1,j#li=
where 108

A = MalZ,k X {ZMplzel,kZ + M(Zplz + elz,k + 2plel,k + 2Pl -+ 2€l,k -+ 1) + 2Pl€l,k(2MPl + Mel,k + M+ €1kt 1)

+ (elz,k + 205k + 20, + 2€1 + 1) }, (20)
Ay = Maygap; X {Mplzel,kel,i + prer (oM + €1 +1) + pre (oM + €1, + 1) + (Mpzz +pi(er; +e€rx +2)
+ (el,k+1)(€l,i+1))}/ (21)
A3 = Maygaj; x {MPZZEI,ke‘,i +piek (oM +€ji +1) + pej (oM + e +1) + (MPZZ +pi(eji+ex+2)
+ (ere+1)(eji +1)) 1}, (22)
K L K 4 K 2 2
Ay =kpupiiAi+ky Y, prifo+ Y kju) pjiAs+k M Pl,kE{ |81, | } + ) Pl,i]E{ 180|811 | }
=Ttk Py =Ttk
LK
2 2
> Y piE{ I8’ l810 }>, (23)
[Rep g
E{ L } = 2aj,piefy + 4ai pier(pr + € + 1) + dajrprer + 247 (Pz2 +eft 1) +4aiy (o1 + 1), (24)
E{ ETRRrT } = ayxarior[(1+€rx) (or€ri + o1 +e1i) + (erx +e1i) + 1] +apap (e +1) (o + €1 +1), (25)
E{ ]lm‘ |81k, | } = a0 [(1+ €r) (o€ + o1 +eri) + (e +€ji) +1] +apeaji(ene+1) (o +e+1). (26)

Proof of Corollary 1. Similar to the derivation method in [11] Corollary 3, we can remove 10
the terms that are not on the order of O (N 2) when N — oo. Besides, it is noted that the 110
phase shift terms such as ®; ;(®) can be replaced as its expectation. [ 11
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It can be seen that the noise term Ei{ﬁis . is not included in equation (19) and the rate 1
will tend to be a constant. This shows that in the RIS-aided uplink multicell mMIMO 1
communication system with THWIs when N — co and the phase shifts of RIS are random, 14

we can eliminate the effect of noise. 115

Corollary 2. In the RIS-aided uplink multicell mMIMO communication system with THWIs, s

when M — oo, we can approximate the rate as R;  — log, (1 + SINRys), where 7
_ p1xB1
SINRy = — - , (27)
Y piB2+ X Y pjiBs+By
i=1,ik j=1,j£1i=1

where us

B, =d’ 21 2@ (@) + N2 (207 + €2, +2 201+ 2€1 + 1) + 20,6, | @1 (©) 28

1= aj, X {pren” | @r(O)] + 07 + €k + 201€1 ) + 201 + 261 + 1) + 20161 | @11 (O)] (28)

(2Np; + Neyg + N +2) + N(20; + 2¢1 + 1)},
2 2 2 2
B, = ﬂz,kﬂl,i{Pzzez,kez,i|¢z,k(®)| |®,(©)]" + preri| Pri(©)] (01N +2) + pey,i| @i (O)|

_H— |2 —H—
(Np; +2) + N(20; + €1+ €15 + 1) + N2o] + e e [hy by ;| + 2Pz€l,k€l,iR€{‘I’f,{zc(@)d’l,i(@)hz,ihl,k} } (29)
2 2 2 2
B; = ap ki X {Plzel,kej,i’q>l,k(®)’ ’(I)j,i(O)} + p1€1k (Dl,k(@)’ (plN+ 2) "’Plej,i‘q)j,i(@)‘
—H— |2 —H—
(Np[ + 2) + M(Zpl +€ji €kt 1) + N2P12 +erk€ji hl,khj,i + 2pl€l,k€j,iRe{q’lljc(@)q)j,i(@)hj,ihl,k} }, (30)
K L K 4 K ’ ’
By =kpupiiBi+kpu Y, piiBa+ Y. kju) piiBs+kip Pz,k]E{ |81 | } + ) Pl,z'E{ 181|181 | }
i= itk =LAl =1 i=Titk
L K
2 2
+ 3 Y piiB{ I8 I80] }) (31)
j=Lj#li=1

Proof of Corollary 2. Similar to the derivation of Corollary 1, we can remove the terms s

that are not on the order of O(M?). O 120

As same as Corollary 1, when the number of BS antennas M tends to be infinite, the 1z
rate of this system will tend to a constant too. Besides, the effect of noise can be ignored. 12
4. Phase Shifts Optimization 123

By observing (10), we found that the rate only depends on statistical CSI including the 12
Rician factors, LoS components of the channel and path loss coefficients. Therefore, we can 12
optimize the phase shifts of RIS based on statistical CSL 126

Specifically, we respectively formulate two optimization problems the sum rate maxi- 1
mization problem to guarantee overall system performance and the minimum user rate s

maximization problem to guarantee fairness between users as (27), (28). 129
L K
mgx 1:21 kzzl Ry (32)
in R 33
or mgx mkln Lk (33)
s.t.0, € 10,2m),Vn (34)
where R ; is given in (10). 130

Due to the complexity of the rate expression, the existing gradient descent method and 1
convex optimization method cannot solve this problem. The genetic algorithm (GA) does 1z
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not need to calculate the first-order derivative of the objective function as the conventional 13
gradient descent method does. Instead, we only need to calculate the objective functionin  1s

each iteration, so we use GA. The detailed steps of the algorithm are as follows 135
Initialize population: Generate S individuals, and each individual has N chromosomes 13
randomly generated from [0, 277), corresponding to the phase shifts matrix of RIS. 137

Calculate fitness: In the current population, we first calculate the fitness of each 1
individual through the objective function of the optimization problem (32) or (33). Then, 13

we sort them in descending order according to fitness. 140
Select elite: We select the top S; individuals as elites and pass them to the next 1a
generation. 142
Mutation: We select the last S3 individuals as parents and mutate them with a proba- s
bility of 0.1 to generate S3 offspring. The mutation algorithm is shown as follows. 14

Crossover: We use stochastic universal sampling to generate 25, parents from the s
remaining S, = S — S1 — S3 individuals. Then, we use the two-points crossover method 146
to generate S, offspring from 25, parents. The two-points crossover method is shown as 1
follows. 148

Finally, we combine S; elites and S; + S3 offspring to generate the next generation 1o
population. When the change value of average fitness is less than the preset value or the 150
number of iterations reaches the preset maximum number of iterations, the algorithm 1
stops. In the current population, the chromosome of the individual with the highest fitness s
corresponds to the optimal phase shifts of RIS. 153

Algorithm 1: Mutation Algorithm

1. fors =1: S3do;
2.forn=1:Ndo;
3.r =rand(1);
4.if r < 0.1 then; 154
5. The n-th chromosome of individual mutates to 27t * r;
6. end if
7. end for
8. end for

Algorithm 2: Two-Points Crossover Algorithm

1. Initialize ¢ = 1;
2. fors =1:5;,do;
3. Select the c-th and (c + 1)-th parents from the 25, parents;
4. Randomly generate integers 4, b from [1, N — 1] and satisfy a < b;
5. Generate the s-th offspring, and the N chromosomes of the s-th offspring are the [1 : 4]
chromosomes of the c-th parent, the [a + 1 : b] chromosomes of the (¢ + 1)-th parent, the
[b+1: N] chromosomes of the c-th parent.
6.c=c+2
7. end for

5. Simulation Result 156

In this section, we provide simulation results to validate the derived expressions and s
analyze various system parameters. The parameter settings were referred to [6] and [12]. s
Unless otherwise stated, we set it as follows: N =49, L =2, M = 49,k; , = k;, = 0.01, K = 1
4,p;r = 30dBm, 02 = —104dBm, pr =1, = 10, VI, k. We assume that the distance from 10
RIS to BS is d,;, = 800m, VI, users are distributed on a circle with RIS as the center and 1«
a radius of d,; = 30m. Therefore, v; = 10’3d;bz‘5, Uik = 10’3d;,2,Vl,k. In addition, the 1
element spacing of d = A /2 is set to avoid spatial correlation. The various angles at BSand 16
RIS are randomly generated from [0, 27| and fixed after initial generation. 164

As shown in Fig. 2, we plot the achievable rate obtained from optimization problems s
(32) and (33) and carry out MC simulation for verification. The MC simulation results are 1
consistent with the derived results, which shows the accuracy of the derived results. 167
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Figure 2. Sum rate and minimum user rate versus N.

In Fig. 3, we verified that the optimization problem (33) can ensure users’ fairness. 1
The relationship between the two vertical coordinates is four times, and the two curves 16
coincide with each other, while the number of users K = 4, means that the minimum user 17
rate reaches the average user rate, i.e., all users have the same rate. 171

Fig. 4 depicts the achievable rate in different scenarios. As shown in Fig. 4, scheme 17
‘N = 49, Sum rate by max-sum’ is superior to scheme ‘N = 100, Sum rate by random 1
phase’, and as N increases, the performance gap between the two will become larger. This 17
is consistent with our Corollary 2 that the rate will tend to be a constant when BS antennas s
M — oco. Besides, it indicates that it is necessary to optimize the phase shifts of RIS. 176

In Figure 5, we plot the achievable rate versus the Rician factor of the RIS-BS channel. 1
As p; increases, the sum and minimum user rates decrease. This is because, with the s
increase of p;, the channels between users have a stronger correlation, which reduces the 1
spatial multiplexing gain and also increases the interference between users. 180

In Fig. 6, we plot the achievable rate with different THWIs coefficients. As the transmit s
power increases, the sum rate and minimum user rate gradually increase and tend towards 1
a limit value. In addition, with the increase of power, the performance gap between the two 1
THWISs scenarios also widens because the THWIs are tightly coupled with the transmitted  1s
signal and become stronger as the THWISs coefficients k; ,,, k; ,, increase. 185

Fig. 7 depicts the achievable rate under different schemes. Through comparison, we 1
find that the rate performance of scheme "M = 256, N = 16’ is the same as that of scheme 1
"M = N = 64’. This means that we can significantly reduce the demand for the number of s
BS antennas by appropriately increasing the number of RIS’s reflecting elements, effectively 1
reducing the hardware cost at BS. 190

To ensure the accuracy of scheme comparison, we further draw Fig. 8. As shownin
Fig. 8, the scheme "M = N = 64’ is superior to the scheme "M = 256, N = 16 in different 1
THWIs and power scenarios, which shows the accuracy of the scheme comparison. 193

In Fig. 9, we plot the sum rate for three scenarios. In scenario k; , = k;, = 0.1,L =4, 1
Sum rate by max-sum’, the impact of inter-cell interference and THWIs can be compensated 105
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Figure 3. max min-rate to ensure users’ fairness.
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Figure 4. Sum rate versus M.


https://doi.org/10.20944/preprints202312.1757.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 December 2023 doi:10.20944/preprints202312.1757.v1

Version December 19, 2023 submitted to Journal Not Specified 10 of 15

8 T T T T T
—E—Sum rate by max-sum
Sum rate by random phase
—%¢—Min user rate by random phase
—¥— Min user rate by max-min

Achievable Rate (bit/s/Hz)
[#8] e th [=}] .

%]
T
I

e
——
- ——._:lﬁ___\__

0 1 1 1 1 1
-20 -15 -10 -5 0 5 10

Rician factoe of RIS-BS (db)

Figure 5. Achievable rate versus the Rician factor of RIS-BS.
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Figure 6. Sum rate and minimum user rate versus transmit power.
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Figure 7. Sum rate and minimum user rate versus N under different schemes.
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Figure 8. Comparison of rate performance under different schemes.
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Figure 9. Sum rate versus N in different scenarios.

by increasing the number of components. This is meaningful because increasing N is more 19
cost-effective and practical compared to replacing transceivers and reducing the number of 17
cells. 198

6. Conclusion 109

This paper has focused on an RIS-aided uplink multicell mMMIMO communication 20
system with THWIs. We have derived and analyzed the achievable rate expression, and 2o
the phase shifts of RIS have been optimized based on the two-time scale design scheme. 2
Through simulation, the correctness of the derived expression has been verified, and the s
following conclusion has been obtained. In RIS-aided uplink multicell nMIMO communi- 20
cation system with THWIs, we can compensate for the performance loss caused by inter-cell 2o
interference and THWIs by appropriately increasing the number of RIS’s reflecting ele- 2
ments, and also significantly reduce the demand for the number of BS receiving antennas, 2o
which will effectively reduce the hardware cost at the BS. 208

Author Contributions: Conceptualization, S.Z. and EZ.; methodology, S.Z.; software, S.Z.; validation, 20
S.Z.,W.G. and ].D.; formal analysis, W.G.; investigation, W.G.; resources, W.G.; data curation, ].D.; 210
writing—original draft preparation, FZ.; writing—review and editing, S.Z.; visualization, S.Z.; 2u
supervision, S.Z.; project administration, W.G.; funding acquisition, W.G. All authors have read and 21
agreed to the published version of the manuscript. 213

Funding: This research was funded by the Science and Technology on Information Systems Engi- 214
neering Laboratory (N0.05202101) and the open research fund of National Mobile Communications s
Research Laboratory, Southeast University (No. 2023D03). 216

Data Availability Statement: The data presented in this study are available on request from the lead 217
author. 218

Conflicts of Interest: The authors declare no conflict of interest. 219


https://doi.org/10.20944/preprints202312.1757.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 December 2023 doi:10.20944/preprints202312.1757.v1

Version December 19, 2023 submitted to Journal Not Specified 13 0f 15
Appendix A 20
Els1kgna1' Efritra’ Eygls . have been given in [11]. The derivations of Emter can refer to Efritra 21
Besides, Ethw1s can be expanded as 222
Lk LS 2w, Pl e v H, |? L& H H
Eins = B9 2 Y |sligiizi| +|sfhz | ¢ 2 L 1 kj,tu,iE{ 58] } +kipY Y piE{ gl (Tusist ) 8o}
j=1i=1 j=1i=1 j=1i=1
H 2 K o 2 L . 5
= kiupiE ‘gl,kgl,k‘ +ki ), pLE ‘gl,kgl,i + ) Z kjupjiE ‘81,1(8]‘,1‘
i=1,i#k j=1,j#li=1
M L K
* *
+hkp Y Y ) p]',i]E{gl,km 8,in 8 i 8Lk }

m=1j=1i=1

Mw

K L K
= kP g kL Y PLEier T Y K)o Py 1nter+k1hM<plkE{|glkm| b+ L rE{lsi len )

i=1,i#k =LAl i=1 i=1,i#k
L K ) )
+ ¥ Y riE{lge s’} - (A1)
j=Lj#1 i=1
(01) is obtained by removing the zero terms, IE{ |81k, |4} can be found in [11]. Therefore, s
we only need to derive ]E{ |81, |2 181, |2} and ]E{ 181k, |2|gj,i,,, ‘2} 24
Substituting (1)-(3) into gy = H,;,@hy. Then, we can express gy as 25

N . ~
81k = VL % (VPrEkamn (Wi ¥ ) @1k(©) + vPrant (Wi W) - akon (010 05 ) e B,
n=1

1
8k 2
Am gkm

N . N ~ . ~
+ ek Y [Hy e any, (‘Pzﬂ,kr/ 4’7,kr) + Y [y lmne®hy ), (A2)
n=1

n=1

3 4
8k Skm

N}

6

where ap;,;, (W,rh' lple,rb) is the m-th element of ay; (w,”,rb, ll]f,rb)/ ang (cp;ﬁrb, ‘meb)/ h;y, and -

any (1/1;1,,(,, (0 kr) are respectively the n-th element of ay (4)?,rb’ ¢f rh) ,hjrand ay (1}7? o W7 kr) , 2
[ﬁl,rb]mn is the (m, n)-th element of ﬁl,rb- The expression of g;; can be obtained in the 2

[N

7

sameway. 229

Hence, we have 230

E{’gl,km|2\gl,im\2}Zﬂl,kﬂu {(Z‘glk ‘ +2Z Z Re{ng ( >*}> (A3)

w=1¢p=w+1

(Ll et £ el (at))))

(02) 4 4 2

= A1k, {2 ’glkm Z‘gl,im }

w=1 w=1

+ 4a; pa; ;B {Re{g,km (gzkm) }Re{gll,im(g?,im>*}}
+ 4a; ay ; {Re{gz km (gl km) }Re{glz,im (g;{im) * }}
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+ 4al,ka,,iE{Re{gﬁkm (g?,km) }Re{g (gz zm> * } }
+4a pay ;B { Re { 8k (g?,k,,, ) ' }Re { 8L, (g;l,im ) * } }'

where (0, ) is obtained by removing the zero terms.
We will calculate the terms in (A3) one by one. The first term can be calculated directly

4 2 4 2
w w
EJ ). ‘gz,km )y ‘gz,z‘m
w=1 w=1

} = (Plel,kq)lz,k(@) +pIN +€;,;N + 1) (Plel,i¢l2,i(®) +poIN + €N+ 1), (A4)
Besides, assume that
aAMm (lpla,rb' lple,rb) q)l,k (@)67]9,, 37\]” (lp?,kr' 1»Dle,kr>
k .k —i6y
= Ucn +J0s "apmm (¢?,rbl lple,rb) <I)l,i(g)e 1o a?\ln (wﬁirl lple,ir)
= Uén +]“%m Hplmn = Smn + jtmn- (A5)

Substituting (A5) into (A3) and after some simplifications, the second item can be
derived as (A6). Accordingly, the remaining items can be derived as

E{Re{gllk (g?k,,,) ' }Re{gll,im (829’,1‘,,,) ' }}

= PI€1 k€L, { Y ofolss,, + ok inf%m} (A6)
PlezzkelzR {CI’H‘(@)CI)I,k(@)H{,{kHl,i}/

{ {gz o (gl,km> }Re{glz,im (g?‘,im)*}} = Pzgz,k k(@) (A7)

{R {gl o \ 81 km)*}Re{gll,im (g?,im)*} } = % 1i(©) ?, (A8)

(
(gfs.) Jrefet, (st.) }} = 25 (49)

{Re{g/km
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