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ABSTRACT

In the Fifth generation (5G) wireless communication systean majority of the traffic demands is contributed by
various multimedia applications. To support the future 5@timedia communication systems, the massive multipfpesin
multiple-output (MIMO) technique is recognized as a keyl#eadue to its high spectral efficiency. The massive antenna
and radio frequency (RF) chains not only improve the impletaiggon cost of 5G wireless communication systems but also
result in an intense mutual coupling effect among anteneaause of the limited space for deploying antennas. To eeduc
the cost, an optimal equivalent precoding matrix with theimum number of RF chains is proposed for 5G multimedia
massive MIMO communication systems considering the mutoapling effect. Moreover, an upper bound of the effective
capacity is derived for 5G multimedia massive MIMO commatiizn systems. Two antenna receive diversity gain models
are built and analyzed. The impacts of the antenna spatiagiumber of antennas, the quality of service (QoS) stedisti
exponent, and the number of independent incident dirextionthe effective capacity of 5G multimedia massive MIMO
communication systems are analyzed. Comparing with theectional zero-forcing precoding matrix, simulation esu
demonstrate that the proposed optimal equivalent pregadatrix can achieve a higher achievable rate for 5G multiened
massive MIMO communication systems. Copyright0000 John Wiley & Sons, Ltd.
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1. INTRODUCTION Apparently the huge antenna arrays have to be deployed
compactly because enough space are not available at not
As various wireless multimedia applications are getting only base stations (BSs) but also mobile terminals, therefo
more and more popular, the demand for wireless trafficthe interaction of mutual coupling among antennas gets
is increasing rapidly, and the massive multi-input-multi- so strong that it can’t be ignored in massive MIMO
output (MIMO) technology has been proposed as asystemﬂe]. Also, the realistic channel capacity which is
key technology for the next generation (5G) wireless subject to the quality of service (QoS) in multimedia
communication system —4]. Recently, a number ofwireless communication systems and the Shannon capacity
excellent studies have validated that massive MIMOare not the same thingﬂ[ﬂ 8]. So, exploring a new
systems are specialized in improving the wirelessprecoding solution for the 5G massive MIMO multimedia
communication capacity vastly in cellular netonLs[S]. communication systems is necessary.
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A lot of studies have achieved great achievementsthe multi-channel communication systems simultaneously
about mutual coupling among multiple antennas on manyaccording to their simulation results. However, rare
topics such as antenna propagation, signal processing arefforts has been made to study the effective capacity
antenna arrays [[9-12]. Utilizing the real measurementof massive MIMO multimedia wireless communication
data, the authors oiﬂ[g] have made a comparison onsystems which consider the QoS constraint and mutual
the antenna array performance between the systemesoupling effect.
considering the mutual coupling and the systems not. It Motivated by the above gaps, we propose an optimal
has been proved that mutual coupling has a great influencequivalent precoding matrix to reduce the cost of RF chains
on the performance of antenna arrays for not only smallin 5G massive MIMO multimedia communication systems
but also large inter-antenna spacing, because that in ordeand derive the upper bound of effective capacity with QoS
to contain the changes in all the anticipant vectors, theconstraints. The main contributions of this paper arediste
steering vectors of the antenna arrays should be adjusteds follows.
not only in amplitude but also in pha@[lO]. Clerosix
al. studied how the mutual coupling influenced a simple
multi-antenna communication system performahce [11]. In 1. We define the receive diversity gain to analyze
order to recover the signals received by separate antennas oW the mutual coupling influence the performance

without mutual coupling, the authors 12] have invented of the rectangular antenna arrays in the massive
a new technique to make a compensation for mutual MIMO wireless communication systems.
coupling in small antenna arrays. 2. Anoptimal equivalent precoding matrix is proposed
At practical wireless communication transmission to reduce the cost of RF chains and satisfy
terminals, each data stream is first passed through the  the multimedia data requirements for 5G massive
baseband precoding to radio frequency (RF) chains and MIMO multimedia communication systems.
then is transmitted to antennas by the RF chains precoding. 3- e refer to the QoS statistical exponent constraint
For MIMO wireless systems, the precoding technologies and the mutual coupling effect, then derive the
are focused on the baseband precoding, i.e., the first upper bound of effective capacity for 5G massive
order precoding, and each RF chain corresponds to an MIMO multimedia communication systems.
antenna. Utilizing the phase matrix between RF chains and 4. Based on numerical results, the proposed optimal
antennas, the joint precoding of baseband and RF chains equivalent precoding matrix is compared with the
was proposed for massive MIMO systems with limited RF conventional zero-forcing (ZF) precoding matrix
chains ]. However, it is still a great challenge to reduce in 5G massive MIMO multimedia communication
the number of RF chains for saving the cost of massive systems.

MIMO wireless communication systems.

Lots of excellent studies in the field of wireless ) ) .

. . L @ The rest of this paper is summarized as follows.
multimedia communication have emerg m-m]. In

) . . In Section 2, a system model in which there is a
order to evaluate the QoS of wireless multimedia networks,

D antenna array is described for massive MIMO
the authors in|E|4E5] created a constrained model of2 y

. L. .. wireless communications. In Section 3, the effect of
statistical QoS to study the transmission characteristics

mutual coupling on the massive MIMO wireless systems
of data queues. Ir{__ﬂl@ﬂ], the authors referred to the ping 4

is evaluated by the receive diversity gain. Moreover,

effective capacity of the block fading channel model and ] y. ) Y g )
) . ._an optimal equivalent precoding matrix is proposed
proposed a rate and power adaption scheme in which ) )
. . . to reduce the cost of RF chains and satisfy the

the power is driven by QoS. And in_[18], the authors ) ) ) ]
. . . . . multimedia data requirements for 5G massive MIMO

further combined the effective capacity with information . . o

. multimedia communication systems. Furthermore, the
theory and developed some rate adaptation and QoS-

. . . upper bound of effective capacity is derived for 5G massive
driven power schemes which were suitable for the systems pp pacy

. . . . MIMO multimedia communication systems. Numerical
of multiplexing and diversity. Also they concluded that

. . . simulations and analysis are presented in Section 4.
stringent QoS and high throughput can be achieved by . . i
Finally, Section 5 summarizes the paper.
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m antenna inwhichx isa N, x 1 vector,w isaN x 1 vector.
},d_i elements . .
. User e % m H ~ CN (0, PI) is governed by a complex Gaussian
S EouipmentUE) Y , ¥ distribution, and is expressed as
Scatters nantenna - . . . ’ . . oA
elements | . . . ) .
dyor oy ooy H= [hl,...,hp,...,hp]T e CV*P, 4
Wi Base station with S ak
an antenna array : /’
/"X : Wave length in which CV** denotes aV x P matrix, P stands for
ak: array length
N array widh the number of the independent incident directidng,~
distance CN (0,1) stands for the complex coefficient vector of

R :distance

be;wgen the UE small scale fading received from tth incident direction,
and the BS

antennaarray  Which is expressed as

Figure 1. System model.

h, = h{” + jh{, (5)

2. SYSTEM MODEL in which hg) is defined as the real part di,, and
h'" is defined as the imaginary part bf,. Furthermore,

A massive MIMO wireless transmission system is both of them are Gaussian random variables distributed

illustrated in Fig[lL. The wireless down-link between a userindependently and identically, whose expectation and

equipment (UE) with multi-antenna and a BS with a 2D variance ar® and0.5 respectively.

rectangular antenna array is studied in this paper. Definitely, P will be very large if considerable scatterers
First of all, we define some basic parameters for this€XiSt in the propagation environment. According ol a0,

model. We define\ as the wavelength of the carrieras 1, we divide the angular domain int& independent

the antenna spacing of this antenna amdy(a > 1) asthe  Incident directions with? being large but finite.

length of this antenna array ahdl (b > 1) as the width of Here we assume both of the azimuth angigq =

1,...,P) and elevation angleg are within the scope

in each row andk antennas in each column for this antenna ©f [=7/2,7/2]. Each independent incident direction

corresponds to one steering vectofo,, §) € CM**, so

all the P steering vectors can constitute the steering matrix

d= aA bA 1) A of the rectangular antenna array which is expressed as

this antenna array. If we would like to deplay antennas

array, then we will have the relationship as listed in (1),

and the total number of antennas in this antenna akfay A =l[a(¢1,0),...a(¢q,0),...a(op,0)]. (6)

can be derived easily as
If we defineA? € C**™ as the steering matrix of thgh

M = mn. @) incident direction of the rectangular antenna array, wé wil
get the following relationship,

If we defineSN Rps as the signal-to-noise ratio (SNR)
at the BSH andg stand for the small scale fading matrix
and large scale fading coefficient of the channel in this
model respectively, the signal the BS transmits is defined" Which vec(:) is defined as the matrix vectorization
asx, w means the additive white Gaussian noise (AWGN)
over wireless channels, and the mutual coupling matrix is
configured a¥, equivalent precoding matrix is configured
asF.,, A is defined as steering matrix, then the down-link

vec (A7) = a(¢q,0), (7

operation.

Without loss of generality, we assume the antenna which
locates at the first place for both the row and the column
of the rectangular antenna array as the reference point
of which the phase response is zero. And we normalize
amplitude responses of all the antennas of the antenna
array as 1. We definA?., (1 < ¢ <m,1 <e<n)asthe

signal vector received at a UE equipped withantennas
can be expressed as

v = VSNRosHAKF.,8"*x + w, @) element in the steering matrik? which locates at theth
Wirel. Commun. Mob. Comput. 0000; 00{THI3] © 0000 John Wiley & Sons, Ltd. 3
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row andeth column, and it is expressed as Similar properties can be derived f8r; as

(¢ — 1)dcospqsind Zy =751, , 13
Al =exp ]Q—W e . (8) t (s+1),(t+1) (13)
A +(e — 1)dsingqsind
Zst = Zt5~ (14)
For a rectangular antenna array with M elements, we
defineK € CM*M as the corresponding mutual coupling

matrix, which is expressed Qll]

Together with (10)-(14), the mutual impedance matrix
Z )\ can be readily obtained. It bears noting that with (10)-
(14), the computational complexity can be significantly
_ reduced compared to the direct calculation of 3fex M
K=2Z(Z.1+Zn) ", 9) : P . .
entries ofZ,, especially with a largé/.

in which Z, denotes the antenna load impedance that The equivalent precoding matriKeq = FreFas con-

is constant for each antennZ,, denotes theM x M sists of baseband precoding matis5 and the RF

mutual impedance matrix, anfl denotes anM x M precoding matri¥ zr.
N, data streams are transmitted hyh. radio

frequency (RF) chains and/ antennas at the BS. All
wireless data is received bWy, RF chains andN

unit matrix. From Fig. 1,Z,, can be constructed by
n x n sub-matrices, i.€Z = [Zs¢] whereZ,;, as
an m x m mutual impedance sub-matrix, denotes the

mutual impedances between the antennas located at

nxn’

antennas at the UE. In this case, the detected wireless

the sth (s =1,...,n) row and them antennas located signals at the UE is expressed by

at thetth (¢t =1,...,n) row in the rectangular antenna
array. For ease of exposition, we defidgit,, as the
antenna located at theh row anduth (s = 1, ..., m;u =

y=Wly=WL,Wi.y, (15)

in which { is a conjugate transpose operatidi,., is a
1,...,m) column of the rectangular antenna array, and . . . . . .
) N x N, equivalent signal detection matrix which consists

define Ant:, as the antenna located at ttik row and the . .
of baseband detection matiW sz and the RF detection
vth(t =1,...,m;v =1, ...,m) column of the rectangular . . . .
. h ding dist bet h hma‘trlx Wrr, y is the received signal vector at antennas
antenna array, the corresponding distance between whic . .
4 P 9 of the UE. EssentiallyF rr and Wiy are phase shift
matrices used for the signal precoding and detection at the

RF chains. Hence, the absolute value of the RF detection

is given asds!, = d\/(t —5)? + (v —u)?. ThusZ,; can
be written as

st st st matrix F r» and the RF precoding matriRz is equal to
Z11 Z12 Z1m
250 25t L 25, 1.
Zst - . . . . ) (10)
Z:rfl Zfrfg Zf,zltm

3. MUTUAL COUPLING EFFECT

Consider a special case where &Il antenna elements
' pect W MODELING

in the rectangular antenna array are dipole antennas with
the same parameters. Then the mutual impedagicenl . . i )
P . pedafic . y .3.1. Receive Diversity Gain Models
depends on the antenna spacing and can be obtained with
the EMF method in|E7]_ With a fixed antenna spacihg Deployed in a constrained space at the BS, the number

we have the following properties: of antenna elements is inversely proportional to the
antenna spacing, i.e., a larger number of antennas lead to

Zot = Z0et1) (0415 (11)  a smaller antenna spacing. As concludedm [21], more

antennas lead to a higher receive diversity gain of the

Zow = Zou- (12) massive MIMO system, whereas the diversity gain can be

compromised by the mutual coupling effect that is caused
by decreasing the antenna spacing. Thus, when a number
of antennas are deployed in a fixed constrained area, there

4 Wirel. Commun. Mob. Comput. 0000; 00{1H13| © 0000 John Wiley & Sons, Ltd.
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Riax = log [T+ %W&HAKFWFZQK*A*H*WeqR’l , (21)
with
R=W/W,. (21.1)
exists a tradeoff betweel andd, and it is important to In addition, the average SNR seen at the UE side can be

analyze the the effect of mutual coupling on the achievablewritten as

receive diversity gain of the massive MIMO systems. )
SNRps||GIG]|
IGTG]

— SNRgs HGTGH

Firstly, with a fixed antenna spacing, the antenna SNRyp =
number receive diversity gaifi,; is defined as ) (19)
Gar = &7 — & (16)

Then withM antenna elements with antenna spacing
in which ¢fm» denotes the expectation of the receive the expectation of the SNR at the UE can be obtained as
SNR at the UE withA/ antennas and minimum antenna 4
spacing beingl.i, at the antenna array of the BS, and & = E{SNRur}
€3 denotes the expectation of the receive SNR at the = SNRpsE {HGTGH} . (20)
UE subject to the minimum antenna spacitigi, and

minimum antenna numbel/.,i, at the antenna array of

the BS. ) ) in which E {-} denotes the expectation operation. We can
Secondly, with a fixed number of antennas, the antenne%urther obtainG, and G through substituting (20) into

spacing receive diversity gaff,; is defined as (16) and (17), and replacint andd with My, anddsmin.

— SNRpsNf HFZQKTATHTHAKFEQ

Ga = &gy — €0, (17)

3.2. Shannon Capacity with Optimal RF Chains

in which gj‘{lmm denotes the expectation of the receive
SNR at the UE with an antenna spacingdofind with at
leastMmin antennas at the antenna array of the 5@;‘;,
which can be considered as the baselineGgrand G,

is the same as that in (16).

A phase shift matrix is designed to separate the
RF chains and the antennas. Assume that the relation-
ship among the numbers of data stream, RF chains
and antennas is configured @& < NLr < M. Con-

i ] ) _ sidering the equivalent precoding matii¥c,) ;. n. =
In order to obtain the expectation of the received SNR in bout it K bh
Fre)ant, (FBB) Nt o, @bOULit's rank, we have

(16) and (17), perfect channel stat_e information |§ assume dank (F.,) < min (Ns, N, M). This result implies
to be available at the BS, which uses maximal-ratio .

o ) ; that the up-bound of the degree of freedom at the equiva-
combining (MRC) for signal detection. When there afe . o -

) ] lent precoding matrix is depended on the minimum among
antenn'as and the nelg-hborln.g antennas are separz?ted "Wifle numbers of data stream, RF chains and antennas. When
a;]spacn.\g (_)H’ theﬁcelved signal after MRC detection at the number of RF chains is larger than the number of data
the UE is given as [22] stream, a part of number of RF chains, i’} — N, has
not been utilized by the equivalent precoding matrix. To
save the cost, the number of RF chains can be configured as
N to satisfy the requirement of the equivalent precoding
matrix Feg.

j=G'y =VSNRyrG'Gz + G'w, (18a)

in which G denotes the conjugate transposebivith

G:HAKFeqﬂm. (18b) Based on the system model in Fig. 1, the sys-
tem achievable rate, i.e., the maximum Shannon capac-
ity is expressed by (21) and normalized on the unit
bandwidth lL—ZIB]. Let MIN = min (M, P), the eigen-
values of wireless channel¥l are ordered by\; >

Wirel. Commun. Mob. Comput. 0000; 00{1H13|© 0000 John Wiley & Sons, Ltd. 5
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—1
Rumax = log |T+ %HFFTHTWW (Wiqweq) wi,
N
=log (I + %UHZHVLUFZFE}ULVHELUL‘, (25)
SNR
=log [T+ TBSVLUFZFELUTFVHELZH‘
A2 -+ = Aprn. The maximum available rate Bnax = with
N SNR : Ar O
S log (1 i N—Bsxk), where SN Rzs is the SNR S = , (23.1)
k=1 ° 0 0
value at the BS. The rank of wireless chanrdl
is denoted byr = rank (H). As a consequence, the fi 0 - 0
maximum available rate is rewritten bRmax_fui = 0 fo -+ 0
rank(H) Af = . i . s (232)
> log (1 + %/\k).When the numbers of data oo
k=1 °
stream and RF chains are equal to the rank of wire- o 0 - fr

less channetank (H), the wireless channel capacity has

. . in which U and V', are unitary matrices.
been fully utilized. When the rank of wireless channels ] )
. When a SVD method is performed over the equivalent
rank (H) is less than the number of data stream, what

) . channelHeq = HAK, the equivalent channel is derived
should we do to configure the number of RF chains? To

utilize the wireless channel capacity and save the imple- y ;
mentation cost of RF chains, the number of RF chains is Heq = Unn Vi, (24)
configured as the rank of wireless channels in this paper. with

To simplify the derivation, the rank of wireless channels S = < Au 0 ) 7 (24.1)
is assumed to be larger than the number of data stream 0 o0

in the following study. The optimal equivalent detection

A 0 0
matrix W, is derived by a singular value decomposition 01 ) 0
(SVD) method Ag = ? , (24.2)
W, = UwESwVi,, (22) 0 0 - A
with in which Uy and V; are unitary matrices.
Aw Based on (22), (23) and (24), the maximum available
Sw = 0 ; (22.1)  rateRmay is further derived by a SVD method in (25) when
the optimal equivalent detection matiV¥ ., is assumed to
w 0 -~ 0 be a non-singular matrix. Let
0 w2 -~ 0 .
= . ArA 0
Aw SRR (22.2) Spe = Zp2l = o . (26)
: : . : 0 0
0 0 e (.
in which Uw andVy,, are unitary matrices. Sz = SH3n = < HAH ) @
The optimal equivalent precoding matili is derived 0 0
by a SVD method
U = V], Ug. (28)
F., = UrZrVL, 23 _ )
! FERTE 3 (25) is rewritten by
N
R =log ‘I 4 SN Bps ;BS USpU'S:|,  (29)
6 Wirel. Commun. Mob. Comput. 0000; 00THI3] © 0000 John Wiley & Sons, Ltd.
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Rmax = log

SNRpBs N,
NS (SNRBSI+EF2EH2)‘

=rlog<7SNﬁBs)+log<r (SNA; + A ))
L(fi f5f7)
N N N
(SNR +>\1f1) <SNR +>\2f2)" (SNR + AL f'r)' (33)
+Oé(f1 +f2++f'r_ s)

L (f2. 13- 1?)
of?

N N
=\ (SNR +>\1f1) <SNR + X 1) ) (34)

N, N 2 02
X<SNRB z+1fz+l) (SNRBS—’—)\T r)+a

(32)

in which Xz> and X2 are diagonal matrices and the inwhich (i = 1, 2...r), we can further derive the following
values of elements at diagonal line are larger than zeroresult
Furthermore, the eigenvalues Bfp2 and 32 are the

Ng Ny
elements at the diagonal lines, respectivelyis a unitary SN)\IZBS +fi= —SN;BS + f]?
matrix, i.e., ||U|, = M. When U is configured as a g J , (36)
diagonal matrix, the maximum available rate is achieved = fPofiz _Ns (L1
by 7 SNRps \\; A}
SNR
Rinax =log T4+ 52 BBy . (30)  inwhich (i,j = 1,2..7).

Based on (31), the square of eigenvalues at the

Assume that the transmission power at the BSs is . . . .
P equivalent precoding matrik., is derived by

independent of the equivalent precoding matrix. This

assumption implies thalfF || - = Vs, i.e., NS(le + %2 4ot %2)
1 2 r

1=
r ¢ SNRpsrT ] (37)
> fF =N (31) N2 N,
=1 r N S]\/vRBs)\Z2
The maximum available rat&,,.. can be simplified as According to (25) and (30), we know thaW.,, V¢
I eqs )

(32). Uy and U are removed in the simplification process of
To achieve the maximum achievable rate, the optimaIR so Vg, U and U can be unit matrices. And

solution of the equivalent precoding is derived by afurthermore,UF and Vg can also be unit matrices, and
Lagrange multiplier method in the following. A function U
is first constructed in (33) with Lagrange factar And
then take the derivative of (f7, f5 --- f7) with respect

F = Vu. Considering theW,., is a N x Ns; non-
singular matrix, W, can be decomposed by

to f2, (i =1,2..7) in (34). I
Weq = : (38)

Let 0 ) 0

OL (fi,f5---f7)
af? =0, (35) . . . . L
i In this case, the optimal equivalent precoding matrix is
simplified by
F., = UFZF\IJr
! . (39)
=Vulr

Wirel. Commun. Mob. Comput. 0000; 00{THI3] © 0000 John Wiley & Sons, Ltd. 7
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b1 O 0 0 0
by 0 0 0 0
0 b2 0 0 0
0 b 0 0 0
67'191,1 6.7791,2r 0
Feq = : S 0 0 b 0 o | (40)
ejﬁM,l ej’sMﬂr 0 0 0 b: 0 0
(FRF)szNS 0 0 0 0 0
Lo 0 -~ 0 0 - 0 |
(FBB)2N5><NS
SNR r .
O (60) = _HLT In (E {e—eTB(log(_SNSB )+1og(7’g1(5N]\,§BS+ff)\$)>> })
—6TB
S o T Ng 242
zfgLTln 679TBlog(%)E <el g(iﬂl(SNRBS-i-fl)\%))) . 42)

=-——1

0T B
1 _0TB log(%) T N 22 T 1n(2)
oT n <e ) E il;Il SNRps + fz Ad

Based on the method iﬂZS], the optimal equivalent 3.3. Effective Capacity with Mutual Coupling

precoding matrixF., is composed off zr and Fgz,
which are designed in (40) with

1
bj =5 max |fi;], (40.1)
Vi25—1) = £Lfi,j — cosfl%b’d, (40.2)
J
A ~1lfisl
'192,2] = Kfl,] + cos s (403)
20,

in which f; ; is the element oF'., located at theth row
and thejth columr¥ f; ; is the corresponding angle.

Based on the result in (40), the number of RF chains
2N, can satisfy the requirement of the optimal equivalentm_a

precoding matrix. In general, the number of antenhais

larger than the number of RF chai2é/s in 5G massive
MIMO wireless systems. Hence, our proposed optimal
equivalent precoding matrix can save the number of RF

chainsM — 2Ns.

Effect

From BS], we define the effective capacity under
multimedia constraints as

Cr (0) = *QLT W (B{ePRY), @)
in which 6 and B denote the QoS statistical exponent and
bandwidth respectivel\i{} is the expectation operation.
Without losing generality, we consider independent fading
channels that keep static within a frame duraffan
Considering the maximum available rate in (32), (41)
can be extended as (42), and it is clear tlfgtr) =
,(a > 0) is a convex function. Then an upper bound
of the effective capacity can be obtained using Jensen’s
inequality,

Cp (0) =~ (B {727 })

1 —9TBE{R} 43
<—— . (43)
S “er™ (e )

— BE{R}

Based on (32), the upper bound of the maximum available
rate is derived in (44). When the optimal equivalent
precoding matrix is used for massive MIMO wireless
systems, the upper bound of the maximum available rate is

8 Wirel. Commun. Mob. Comput. 0000; 00[THI3] © 0000 John Wiley & Sons, Ltd.
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E{Rmax}:E{rlog<SNT]jm)“ ( (SNA;% I ))}

SNRgs " N, 2 ’
< - =
\rlog( N. )+;110g(E{SNRS+f1>\})

E{Rumax} < rlog <SNRBS) Zlog (]Z NN, A2 =L

(44)

¢ SNRBS

Seosm)s)

— rlog <%> + ilog <]TV—2 <Ns + m) E {tr (H*HAKKTAT)})

E{Rmax} < rlog (%) +rlog (JX—Q (N T SNRBS) (tr (AKK*A*) v E {tr (HTH)}))

_ SNRBS NS T T
=rlog <Ts) + rlog (r_2 (N —+ S’NRBS) (tr (AKK A ) +Pr)

Cp(0) < B (rlog (%) rlog (N (N + SNRBS) (tr (AKK*A*) + Pr))) . (47)

, (46)

further derived in (45). Considering the lemma Z.d] [29],
the upper bound of the maximum available rate is finally P aEaka A AéAl‘ﬁ.A%A‘
expressed in (46). As a consequence, the upper bound of * ‘ :

B
B

i
—6— SNR_BS=5dB

SNR_BS=10dB |]
A+ SNR_BS=20dB

52

the effective capacity in 5G multimedia communication
systems is given by (47).

50

| |
48 ! |

46

44

42

4. NUMERICAL RESULTS AND
ANALYSIS

40

Antenna spacing receive diversity gain(dB)

38

O- © ©—0—6— —0—9—6—¢

) . 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
In this section, we demonstrate the performance of Antenna distance d(xA )

the multimedia oriented massive MIMO communication

36
0

systems in terms of the receive diversity gain as well as therigure 2. Antenna spacing receive diversity gain with respect to
effective capacity, where both effects of the QoS statitic the antenna spacing considering different SNRs.
exponent and mutual coupling are evaluated. For ease of

illustration, we consider a rectangular antenna array with

the length-width ratio ofa/b = 2. There are altogether arrive at an arbitrary angle uniformly. Thus it is reasoeabl
128 dipole antenna elements in the rectangular antenng assume that the elevation angland azimuthp, follow
array ], each with length and diameter @b\ and i.i.d. uniform distributions withif—= /2, 7 /2]. For ease of
0.001), respectively. Then, a reasonable minimum antennademonstration, the default number of independent incident
spacing isdn:» = 0.1\. The large scale fading factor is directionsP = 70 is configured, with frame duratidfi =
normalized tos = 1 [@] with a load impedance 1ms and bandwidttB = 1MHz [@].

at each antenna ag; = 50 Ohms ]. Without loss In Fig.[d, the antenna spacing receive diversity gain
of generality, we assume that the BS is located in richwith respect to the antenna spacing is investigaldg
scattering environment where the incident directions canis configured ad. When the antenna spacinfis fixed,
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Figure 3. Antenna number receive diversity gain with respect to Figure 5. Effective capacity with respect to the QoS statistical
the antenna number considering different SNRs. exponent ¢ and the antenna spacing.
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Figure 4. Effective capacity with respect to the antenna number Figure 6. Shannon Capacity with respect to the antenna
considering different SNRs. number considering different precoding matrices.

the antenna spacing receive diversity gain increases wittas 0.01. With a fixed SNR value, it is observed that a higher
the increase of SNR. But if we fix the SNR at the BS, effective capacity is obtained by increasing the antenna
it is shown that there is almost no correlation betweennumber. In addition, with a fixed number of antennas, a
the antenna spacing receive diversity gain and the antennhigher effective capacity is obtained with a higher SNR.
spacing. Fig.[d shows the effective capacity with varying values
Fig. [3 illustrates the correlation betwee®,, and  of QoS statistical exponent and the antenna spacing. With a
the antenna number considering different SN&s., is fixed antenna spacing, it is observed that a higher effective
configured as0.1A. And it is shown that the antenna capacity is reached by decreasing the QoS statistical
number receive diversity gain has a positive correlationexponent. On the other hand, for a fixed QoS statistical
with the antenna number and SNR. exponent and increasing of antenna spacing, the effective
In Fig. [4, the effective capacity is illustrated with capacity almost keeps stationary.
varying values of the antenna number and SNR. For ease of When the number of user and the baseband data
illustration, the antenna spacing is set as\dabd¢ is set ~ stream are configured as one, F[g. 6 compares the
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Figure 7. Effective capacity with respect to the QoS statistical Figure 8. Effective capacity with respect to the independent
exponent ¢ considering different SNRs. incident directions P considering different SNRs.

Shannon capacity with respect to the antenna number

considering different precoding matrices. the proposednumber of independent incident directions. When the SNR

optimal equivalent precoding matrix labeled as “Feq” s fixed, there is a positive correlation between the effecti

and the zero-forcing precoding matrix labeled as “ZF” capacity and the independent incident directions.

are compared in Fid.]6. When the number of antennas

and the SNR are fixed, the Shannon capacities with

the proposed optimal equivalent precoding matrix are

greater than the Shannon capacities with the zero-forcing

precoding matrix. Moreover, the Shannon capacities with

the proposed optimal equivalent precoding matrix has

a positive correlation with the the number of antennas.5. CONCLUSIONS

However, the Shannon capacities with the zero-forcing

precoding matrix almost keeps stationary with the increase Based on the mutual coupling effect, an optimal

of the number of antennas. This result indicates that ourequivalent precoding matrix has been proposed to

proposed optimal equivalent precoding matrix can improvemaximize the available rate and save the cost of RF

the Shannon capacity, i.e., the available rate in massivehains for 5G massive MIMO multimedia communication

MIMO wireless communication systems. systems. Considering the requirements of multimedia
Fig.[@ analyzes the effective capacity and the upperwireless communications, the upper bound of the

bound of effective capacity with respect to the QoS effective capacity has been derived for 5G massive

statistical exponent considering different SNRs, in which MIMO multimedia communication systems with the

“EC_SNR” labels the effective capacity results and QoS statistical exponent constraint. Compared with the

“EC_upperbound SNR” represents the upper bound of the conventional ZF precoding matrix, numerical results show

effective capacity results. When the SNR is fixed, there is athat the proposed optimal equivalent precoding matrix

positive correlation between the effective capacity amd th can obviously improve the available rate for 5G massive

QoS statistical exponent. Moreover, the more the the QoIMIMO multimedia communication systems. In the future

statistical exponent decrease, the closer the upper bdund evork, taking into account the QoS statistical exponent

effective capacity gets to the effective capacity. constraints, a more efficient signal detection precoding
When the number of antennas is configured as 128algorithm is worth exploring towards better performance of

Fig.[d describes the effective capacity with respect to thethe multimedia massive MIMO communication systems.
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