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Abstract. This paper proposes a novel Large-scale (massivédi-Mput Multi-output Multi-
carrier Code division multiple access (LS MIMO MMOMA) model and application to the
Fifth-Generation Mobile Communication Systems (5@)is system uses combined cylindrical
array antenna multiple beamforming architecturehwspatial multiplexing. The model is
optimized by Min-Max criteria in order to minimizde lobes and maximize the reduction of
propagation loss. The Monte Carlo simulation resuilbify with the analytical solution for
system performance.
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1. INTRODUCTION

Due to the explosive growth of smartphones, poetatdvices and digital content, data
traffic has grown exponentially. Therefore, to méwse demands, thd' §eneration mobile
communication system (5G) has been expected toosuppper-fast speed and super-high
capacity. The user data rate is 1000 times higbewpared to current systems (LTE/LTE-A), of
tens of Gigabits per second [1]. Besides, thisesystlso has to improve the mobility robustness
of mobile applications, and support machine to riteci{M2M), human to machine (M2H)
interfaces [2].

There are many different frequency schemes for $&8em [3]. 5G system can use
overlapping bands on the current UHF band (0.3+%)3dH macro-cell configuration and use
low SHF band (Super High Frequency) ranging 3+6 Gkigh SHF ranging 6+30 GHz with
small-cell configuration. To achieve transmissiater at tens of Gigabit per second, the
frequency range has to be hundreds of MHz. If plameay antenna is configured at 20 GHz
frequency band and the distance between the elsrnenét at a half wavelength in length (7.5
mm), the size of the array antenna having 256 eitsnaill be 12 cri This is the actual size
may be applied and so, some elements may increase acrease the frequency. However, the
higher frequency is, the greater transmissionio§).

Multicarrier - Code division multiple access (MC-®IB) is a combination of CDMA
technique and multicarrier modulation to meet tkguirements about transmission speed,
robustness and frequency selective fading combécteve bandwidth usage for 5G [5].
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Additionally, MIMO systems use multiple antennashétiecture in both the transmitter and the
receiver, add spatial dimensions, increase degké®edom of the system, exploit diversity
gain, increase speed as well as the system capaaita result, MIMO MC-CDMA systems
exploit beneficially space, frequency and code dities [6]. The increase in capacity based on
MIMO techniques for user data in downlink (one poto multiple points) uses spatial
multiplexing.

In order to achieve a high data rate, the spatialtiplexing can be combined with
beamforming methods. Various schemes for spatidlipfexing systems have been proposed
[7]. Channel capacity maximization can be achidwedhe water-filling solution using the SVD
(Singular Value Decomposition) of the channel nxaf8], or other channel matrix precoding
design techniques [8], [9]. However, the channatesinformation feedback could be difficult in
high data rate communication systems. So thagh@ee high data rate, the main beam must be
narrow, and side lobes must be low.

In this paper, we propose a large scale MIMO MC-GDBystem model for the next
generation mobile communication systems by usidopdycal array antennas combining with
multiple beamforming precoding. Compared to thevioes results in the open literature, the
new contributions of our study are as follows. fiitghe proposed model is optimized by Min-
Max criteria in order to minimize side lobes andximdze desired signal while minimizing
interferences. Secondly, we apply reduce-rank modelorder to obtain the optimal
beamforming performance with low computational ctarity.

The rest of the paper is organized as follows.him mext section, the proposed system
model is introduced while in the section Ill, weepent multiuser detection applied to this
system. Section IV presents simulation results.clmling remarks and directions for further
researches are mentioned in the last section.

2. SYSTEM MODEL

Multicarrier - Code division multiple access (MC-®1B) has two forms: The first one is
Multicarrier direct sequence Code division multipcess (MC-DS-CDMA) and the second one
is MC-CDMA [1]. For the case of MC-DS-CDMA systethe data symbols on subcarriers are
spread over time by multiplying the chips on a adieg code by the data symbol on the
subcarrier. Meanwhile, MC-CDMA spreads each usertsy} in the frequency domain, that is,
each user symbol is carried over multiple parallddcarriers, but it is phase shifted according to
a code value. This system uses OFDM to modulateasprig codes and chips. These two
systems are potential candidates for the next géparsystems, especially 5G systems [10].

2.1. Signal and thetransmitter model

Let us consider large scale/massive MIMO MC-CDMAadiase station servilds users
illustrated in Figure 1. The base station udesransmit antennas and each user hg®ceive
antennas. We assumé& > 1 for a large-scale/massive MIMO system. Assume tiannel
state information feedback is ideal, a MIMO chanmglich is established b; transmit
antennas andllr receive antennas is divided inky independent sub channels spatially with
N. = min{N;, Ng}. User data can be transmitted over sub channekube each sub channel
can experience different channel conditions dudatting effect and multipath at different
frequencies with different SNR ratios. The numbkthe spatial channels is determined by the
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number of modes of the MIMO channel and dependsh@amnel response matrix betwedn
transmit antennas amdk receive antennas [11].

Letd, = {d™[i]} denote binary input data of useat time instant. Suppose thad“[i]
takes values 1 with equal probability and bit ey€). The input data is channel encoded,
scrambled to assure that the noise affecting esofbd is independent, then fed through
symbol mapping module (using modulation scheme$ siscBPSK, QPSK, QAM,...). After
that, we have complex modulation symbols havingl®ymycleT, = nT;, and modulation level
M = 2",

The MIMO pre-coding process by singular value degosition (SVD) transform is
performed at the transmitter to determine the emgele of the MIMO channel and the set of
beamforming vectors. On the basis of eigenmodedetiermines the power distribution over
orthogonal symbol streams, thereby determinespgheds modulation method, coding schemes
corresponding to the power level distributed optiyndNot only speed data modulation but also
coding method can be adapted according to eigersndtigannel estimation is accomplished
through pilot data multiplexed in time (TDM) or awdCDM) on all or a subset of the
transmitted user data streams [12].

The power distribution to symbol streams is usup#iyformed by water filling algorithm.
Data streams having separate modes with high SNIRake precedence. After the distribution,

we have a complex symbol vectés — 1 elements,, = [xg”>,x§“>, ---'XJE;;)-J formed from the
precoding matrixP,, of size(Ny X Ng):
Xy = Pydy 1)
MC-CDMA signals of each user are created by a slimgacode. Each data symbol spreads

over the whole spreading code cycle. The entireeapng code cycle is transmitted
simultaneously by assigning each chip code to¢pamte OFDM subcarrier.
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Figurel. The proposed large-scale MIMO MC-CDMA model.

Without loss of generality, we consider typical NDDMA where the processing gaity
equals the number of the subcarridig that isNc = Pg. Data symbols performed in the discrete
time domaini x%[i] are copied intd\c subcarriers, then multiply by the spreading code

Cy = [Céu)'c§u), ...,c}(fc‘)_l] of useru. The MC-CDMA transmitted signal in transmitted rsaty
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vector at the discrete timle y,[k] = [yéu) k], y 9Lkl ..., y,f,’;) 1[k]] of useru, before beam
forming y*[k] is of the form:

@iy, Ne-1 PG 1x(u) ) JanV—’Z @)

yn[]FZ n G

2.2. Multiple beamfor ming model
2.2.1. Transmit multiple beamforming

In the system model, the paper proposes the impitiien of multiple beamforming on
each plane of cylindrical array antenna structtirat is, each individual mode is accompanied
by eigen-beamforming The multiple beamforming cepanding to the own mode directly to
MS will maximize SNR at the LOS direction and mimm at other directions combined with
wideband modulation of the multicarrier method vk resistant to the frequency selective
character of wideband channels, that is, chanrgborese coefficients will be different at
different frequencies. Once beamforming is donatiapmultiplexing implemented on modes
corresponding to each lobe layer. Multiple beamfogncan be performed in the frequency
domain. That is, the transmitted signal vectors DE& transformation to create vectors in the
frequency domain. These vectors are then multighedhe beamforming coefficients and use
inverse IDFT to broadcast.

Overall, precoding using the multiple beamformirgpesme is done by the sum of the
weighted signals:

s8] = 223 () 00k = (W) y, 1k ®)

where W = [wé”),wfu), w,f,“) 1] denotes beamforming coefficients of thge each

beamforming vector
(i) = () o) i) = 0T

2.2.2. Robustness optimization by Min-Max criteria

The robustness optimizing problem is looking foe tholution of beamforming weight
vectors in order to minimize the worst case (thgt bethe worst condition in the set of received
signalsry (in the time domain or the frequency domain) aMdE (r, fy) (mean square error)
criteria, with constarg > 0 and aQ positive define matrix [13]. The problem is statgdusing

Min-Max criteria as follows:
WyyM = arg min,, max 2 MSE (xf,Tf) = arg min,,_ MAX,... 1Hqrp<q? E {|f'f -

 {WERw, + i |11 — wiA, 12} 5)

Iy r}erqu
2 .

rf| } = arg miny, maxrf: rfQrp<q

With the covariance matrix of the observation vecto

x = E{(ryrf))} (6)

We have:
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Wynym = arg min,, max ry:rHQrpsq? MSE (xy, tf) (7
R,:Y max{tr(R,R¥)}
The solution of the equation are determined bygugie Lagrange multiplier method [13]:
_ RZ1A,
Wnw = 4 A, ®)

Approximate solution of the weight vectors can loeinid by the interactive methods
including steepest descent algorithm, gradienthottconjugate LMS (Least Mean Squares)
algorithm, and the recursive least squares algurjii#].

2.3. Channel model

MIMO channel model is as follows:

Tl r h1:1 hl'z hlﬂNT _I Sl nl

7:2 — | h'2,1 hz’z hZ,NT S.Z + n.Z (9)
: | : HERS : :

N SN ny
K I-hNR,l hNRrZ r hNR,NTJ T R

wherer = (Tl.rz.---,TNR)T is a set of signals received froNk receive antennas of mobile
station. Because MIMO spatial multiplexing systeskets advantage of transmit diversity in
space over time caused by fading and multipath aoedbwith signal orthogonalization. The
signal detection in the receiver is sequence deteciTherefore, for sequence detection
procedure, we set up signals and channels as ®ill8wppose that data is divided into blocks
including K symbols. In each block, to avoid inter block iféeence, we insei® vector zero
containingNy elements anlll is the number of useful data samples with N + P. The channel

is Finite Impulse Response fading channel (FIR)ingak multipath on each link from one
transmit antenna to one receive antenna. ChedsesatisfyP > L — 1. Signal received at tH&
receive antenna in discrete time domain is of tienf

rilk] = Xty "SI0 b gsilke — 1 + ny[k] (10)
where,r;[k] is the signal sample received at tAeantenna at the discrete tikevectorr[k] =
(ry[Kk], 72K, o T [k])T is output vector at the timewith k = 0,1, ..., K — 1 being elements

of received vector r = (rT[0],r"[1], ..., ¥T[K — 1]DT; h},i is the ™ element of the channel
response h;; where | = 0, 1,... L — 1; transmitted signal vector at timé&

s[k] = (s1[k], s2[k], ..., sn,, [k])T; The noise that affects the received signal sasnigla[k] =

(nl[k],nz[k],...,nNR[k])T; The transmitted signal vectar= (s”[0],s”[1],...,s"[K — 1])T;
The AWGN noise vectan = (n”[0],n”[1], ...,nT[K — 1])T.
Band Toeplitz channel matrix:

H° o W 0
i H° KO-
_|H:? : ~ 0
H= | 0 HL_1 HO | (11)
L o0 - ml

with
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[hir Rz —  hin ]
H! = hl%,l hé.,z hé:NT | (12)
[h}lel Aez h,l\,R,NTJ
and
7 =Hs+ 1 (13)
with
F = iR{r}] = iR{s}] i R{H} —S{H}] o [iR{n}
3{r}l’ I{s}I’ J{H} R{H} ) 3{n}
whereR{.} denotes the real part afd. } denotes the imaginary part f.
3.MULTIUSER DETECTION
Signals are received via MIMO equalizer as showfrigare 2:
X= ra®’ (14)
W _ (,® W @ . o : o
where a'* = (“o Ay, “NR—1) is a set of equalization complex weight coeffitsenf

MIMO channels and selected by different criteriaulfiduser detection recovers user data based
on utilizing the advantages of frequency diversitfy multicarrier modulation. Subcarrier
componentsm = 0, 1,...,Nc - 1 corresponding to the received dat@’[i] are coherently
detected by using FFT, then multiply by weightf@oents, g, to optimize power of received
signals scattered in frequency domain due to fadimgmultiuser interference.

w)

1)
oY A’M X u Y aw
i RXx ! G [ [ iy ™

Ne-1 al MUD

MIMO Equalizer
Figure2. MIMO equalizer and MUD at the receiver.
Signals after the equalizing filt&:

T
u= GX = (uo,ul, ...,uNc_l) (15)
with equalizing matrix:
Joo - 0
G=| ! Gii : (16)
0 s+ YNe-1,Ng-1

Signals after despreading:

v = @yl (17)
Data is derived from decision module:
d®W[k] = Q{v®WI[k]} (18)
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Multiuser detection techniques are applied to theppsed models and performed in
simulation including [15]: (1) Zero Forcing (ZF)2)(Equal Gain Combining (EGC) and (3)
Maximum Ratio Combining MRC.

3.1. Equal Gain Combining (EGC)

Sets of combined weight coeﬁicien{ai(u)}and {g”} are chosen to compensate phase

shift of MIMO channel to achieve the co-phase oM channels and compensate phase shift
of channel on the carriers:

i = i 1=0,1,..,Nc—1 (19)
Sl

af") L i=01,.., Ny —1 (20)

The magnitude of combined coefficients is equal awl not depend on SNR of
transmission link. EGC weight coefficients are alted by channel state information (CSlI).

3.2. Zero Forcing (ZF)

This scheme uses channel inversion and reducegplawdiccess interference by restoring
orthogonality between symbols. This scheme is eddled Orthogonality Restoring Combining
(ORC). The equalization coefficient is of the form:

hii

L 1=0,1,..,N, — 1 1)

In order to eliminate the influence of interferensgppression accompanied by weak
amplitude subcarriers on the strongly amplifiedklimhe decision is made based on the sum of
base band elements of subcarriers having amplhiglesr than detection threshold. The weight
coefficients are chosen as following:
hig

gl,l = l= 0, 1, ""NC -1 (22)

o]l l-v)
whereu(.) is unit function and, is detection thresholde&ly, only noise values that are higher

than optimal thresholgy are amplified. With the giv@RN ratio, the optimal threshold will be
always available to achieve the minimum BER.

3.3. Maximum Ratio Combining (MRC)

MRC exploits MIMO spatial diversity to maximize SNR the receiver, then minimize bit
error probability. With given instant CSI, signadse combined in the quality of internal
channels and phase synchronized. MIMO weight agefits:

* Je~JPi
a0 =M e g g N — 1 (23)

t o; o

MRC will combine synchronously signals of the otkabcarriers by taking the weighted
average of the subcarriers. The weight factor ésdbmplex conjugate of channel coefficients
corresponding the subcarriers, that is, the wdagibrs are selected by:

gu=hi,  1=01.,N—1 (24)
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With the selection of such weight coefficient vau®RC method has compensated the
phase shift of channels and taken the weightedageeralue of signals after each filter to match
coefficients proportional to the amplitude of thubsarriers.

4. SSIMULATION RESULTS

The Monte-Carlo simulation is used to compute thstesn performance to verify the
efficiency of the proposed system in different dation conditions. The simulation is used to
evaluate the performance of the proposed systenestimate the impact of parameters on the
performance of the whole system. Parameters arpased of: Signal to Noise Ratio (SNR); the
number of antennasvi); the number of userK]; multiple access interference. Bit error rate
BER is used to define the performance of the system

The Monte-Carlo simulation algorithm includes skesi@ps: Set up system configuration;
create user data; MIMO precoding; create MC-CDMgnsmit signals using OFDM; insert CP;
create beamforming; receive signals; equalize MIM@ualize MUD; demodulate, despread to
recover data; compare with source data, calcul&R.Blrhe last estimate is calculated as the
average of alQ measured values after each simulation.
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Figure 3. BER (a) SNR, (b) the number of the users, (chilmber of the antennas and
(d) multiple access interference MAI.

Assuming that perfect CSl is available. Rayleigtirig channel used in the simulation has
10 multipaths [16]. The interference angle of ircitlis -26. AWGN noisen(t) = N'(0,1) has
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the standard deviation standardized at 1 shownl a¢@eive antennas. Carrier frequerfgy=
5.25 GHz [14], OFDMN¢ = 1024 subcarriers, the number of OFDM symbolednh frame is
32, the gap between subcarrigrs 64 kHz. The Wash-Hadarmard spreading code maghaof

L = 1024; chip rate = 100 Mchip/s; sampling rate 60 2V/Hz. We use the URA array
configuration including 128 elements, 32 MIMO chelsnthe subarray equals 4.

In the first scenario, multiple access interfere(Mél) and the number usets are fixed
and equal 0 dB and 6 user respectively, SNR chaboggeeen -20 and -5 dB, step size is 1 dB
while in the second scenario, the number of usares from 1 to 16, SNR and MAI are fixed at
-10 dB and 0 dB. The third scenario, the numbeaarénnas varies while fixing SNR = -10 dB,
the number of user& = 6, MAI = 0dB. The forth scenario varies MAI. kig 3 shows
simulation results respectively. The charactedst€ the system can be seen clearly on the
graphs. The performance of LS-MIMO-MC-CDMA-MRC g#v¢he best result. When SNR is
higher than -5 dB, BER of the system is lower thaA. When the number of users increases,
BER tends to increase linear. Especially, whennilmaber of antennas increases, BER reduces
because narrow beamforming effect allows multigleeas interference.
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Figure 4. Beamforming patterns (a): MVDR algorithm; M=32RA; DOA signal = 30 degree; DOA
interference = -20 SNR = 0 dB; (b): LCMV algorithmnM=32x4-URA; DOA signal = 30 degree; DOA
interference = -20 SNR = 0 dB; (c) Frost algoritivix32x4-URA; DOA signal = 30 degree; DOA
interference = -20 SNR = 0 dB; and (d) Minimize gub-beams by Min-Max criteria M=32x4-URA,
DOA signal 0 degree; SNR = 0 dB.
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Beamforming patterns of beamforming algorithms untte influence of interference
sources are shown in Figure 4. In Figure 4 (a), (@) the response of the beamformer at the
incident angle of interference is suppressed, whideresponse of the beamformer on Figure 4
(d) Min-max has very narrow beam to improve cayaaitd minimize multi user interference.

4. CONCLUSIONS

This paper has proposed a novel large scale Muydtiti— Multi output Multi carrier Code
division multiple access (LS MIMO MC-CDMA) model gifed to the Fifth-Generation Mobile
Communication Systems (5G). This system uses cardbaylindrical array antenna multiple
beamforming architecture with spatial multiplexinghe model is optimized by Min-Max
criteria in order to minimize side lobes and maxienthe reduction of propagation loss. We
apply reduced rank model to gain the efficiencysing transmission link as well as effectively
utilizing the bandwidth. Beamforming by Min-Max apization enhances the robustness of the
systems in the domain having weak signals. In thet mesearch, we determine the system
capacity as well as the necessary and sufficiemditons so that this system can be
controllable, observable in the case of moving siser
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