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Massive MIMO for 5G communication expert system with more antennas, it
provides faster transmit and receive data and can support a higher density of user
devices for accessing Internet services. The hybrid precoding is another important
technique for massive MIMO, there are many works of literature about the precoding
for higher signal efficiency. Hybrid precoding is one of the massive MIMO techniques
that are getting a lot of attention because combining between digital and analog
technologies provide save energy and reduce complex hardware without degrading
the data transmission performance and to improve the signal quality, network
operators are becoming aware of the importance of Quality of Experience (QoE). In
this paper, we proposed the hybrid precoding partially structure to improve data
transmission performance and allocate network service resources to users to increase
user satisfaction within the constraints of energy. The researcher was interested in
the web browsing, video, and Voice Over [P (VOIP) services. Which has, a Mean
Opinion Score (MOS) is'employed to measure the level of user satisfaction. Steps to
improve signal quality, start with optimizing the baseband and RF precoding using
Alternating Minimization (Alt-Min) algorithms. As a result, can be optimized the
Quality of Service (QoS) parameters and lead to the satisfaction of user with the

achieving of the required level of Mean Opinion Score (MOS).
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o

a ¢ & vl a a a X i
QULWaiLumlﬂmﬂﬁgaWﬁﬂqWL‘Wllsuu LLGIIH‘TJ%H;UHMHUUW?L%Q’W%LWiJiJ’lﬂ‘Uu aﬂmaiﬁllﬂqiaﬂ

i a o

| | = aa 0§ va sa ] & 1% A
LLUU@%UUQ@U@?W@Jﬂ’JV]EJLmﬁl’lﬂumqb‘L%NLLUu@aﬁmuaﬁJaﬂ ﬂquwmqﬂmqﬂ@ﬂqiiqjﬂquLﬂia‘?ﬂﬁ]

)

Suwesidaiiarufndn seudsladinisimuiungan 56 semaidadonin Tuluvuulng
FEFIUIUANYDINANUINTUITILUY 32T32R, 64T64R, way 256T256R Wudy vinliauise

seafugldaulaunnndt 4G viangwivemsldauuuanuiidediu (4] edalinalulagnun

' v
a =

FIALTAAIINANNTAVOITTUY WU AduTaduns vilvTuuudisfigeluanunsnifiugng

nsdetoyaunay mmummwaa Yrudnae NdnvnuTIniumelulad alasts

(Beamforming) fiansnsaszydunianisdsdoyaiifiuszansamigalidléauuazan

Y



fyynasumunnglénuduiiogindidedddnde uarluiuiinenisnidisrtuiiosnind
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A180INALNLNINT U DU AN 19N TENA T U1 UNNINTUAE FaU auaUnTalindng gy

)

wnlussuuliTuvuulng fsduasdufimunzadlunmsldnuideainanmseenwuuszuuly

]
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drunsidnsaamtnineag wavmaluladdndNd1Ayuesssuu 56 Afe waaIuIALan

maauladwnsiinudigann vilinszanedyaaldsse

[
[

& FeuRnnIeo1A5le bl

ee

a

AREd lwadvuialdniegneenwuunviuinnsukazvenedyyinainanidgiu (Base

<3

[

Station) edsdyaaliungldnuieietnedumesidalaiivsyansamunniian aegun 2.1
F9latlaudde [5] Nevin13AIUINNT N1 UV LTARVUIALAN TINUINTINT TN 99T

497 40 Wesidud YoIMdNIUTIMIAIINEEEIY BONINNINANTUINASVUIALEN

<3

P 10 v
v v J =

wd Fellwasuniinanduiuaisenanintuluszuunsaealsvesiuluvuiulng 56

fey AItiuaINdTeRnautaRuIadusuInslunsAnewazideiieNaefodn1sannis

Tindanuvesssuunisaeansiugn 56

\.LL

QCBGNS “

Macro-Base Station
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P o o 13 I3 ~ A v ¢
ECLJ‘Vl 2.1 M33ULaEUYY ip}ip}’]iLﬂJE]QL‘ljamlu’lmaﬂﬁ]’mﬁmug’lm‘wam Zy]fquleLﬂQUﬂﬁm

Alga (3]
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2.3 NOYHUATHANNTINIINYIVDI
2.3.1  Jasdgygraluluvuiulvg (Massive MIMO Channel)
dmduszuunisiearsluluvuulngfemeianisiafndndauinmin

(Orthogonal Frequency-Division Multiplexing : OFDM) Fazarusalduuusss Iaegd

Usgdnsam Widnsinissu-dedoyaigs danuaimusiodyg1nsuniu 9anuuudiganaIy

Y

FUEDUVDITLTUU W N, ADIIUIUAIEDINIANIAGS Wag N, Aod1UIUa1891N1ANIASY

Tnefaumsdyaaniadudeulusiuminglagail

=¥ "R : I E (2.1)

¥
Yo A

Feanunsoeulugudelasiail

y=Hs+n (2.2)

e s Aodyainuninds lnedl 1 ADFYYIMTUNIULUULNIE (Additive White Gaussian
Noise : AWGN) lnel 1~ CN(0,0°1,, ) ¥io o* fia nagapdeill was B AewviEng
vy rulaginindeiteyatniaisveseedayy1ad (Channel State Information :

Csl) sgminvaniigunazgUnsnivesdlden mlsanaunis [2]

N NRpk Nyay " _.jzlfcr
(2.3)
N N Z z a.,a r cr L’V) e

ray ¢=0 r=1




=)
o))}
©

Tng NsgaydelduneTEnINnIndaznIAsy

<

FUIUATALNDITENINNIAFILASNIASU

=
o))
©

IS (rays) TuwparAdaLn DI5EUININIARLALAIASY

o))
©

DNV VDISIF MUASAMDS

K
o))
©

LUINLAIDTVBIAEBINIANIAES

<
o))}
©

2
o))
©

4121990 (Angles of Departure : AoDs)

S
o)
®

111 (Angles of Arrival : AoAs)

—
.
~
=
o]
®

conjugate transpose

232 msgydeidunie (Path Loss)

deslnsdsdygrudimiunisdearsannindilidiniaiu azdeainnis

A = 1

AYOUVDINIAIAINITaANBULNAD N1TdEIALAUNIS (Path Loss) B9azdnansznus

Y

UszAnSamuesdesdygaluszuunmsdeansiiay lngnwisfimesmieitesiunisayde
UMY WWUAINEITesEn g N SreedNsEinenIRdarNIAY kava1ud sy Fanns

agdsidunisdrulugaziansanain a1elueiais (Indoor) wagn1wusne1A1s (Outdoor)

Y

v v oA

Fansdsdrygunnniedaludiniaiursiidneazed 2 wuunidniufe wuvkwIaea (Line

of Sight : LoS) Fvanunsaneuiuls Ineusimandsinuing wazwuulioglusuianeni (Non
line of Sight : NLoS) ina1nsenInenIAdedien1Asuliasnnvneet 1y fin 91A15 30911

Tnodgarunlasuazuiainnalgfianig Wi nsaziou (Reflection) KAUEIRAN

< [ J =

(Diffraction) 1Uusu aunsadinaransdmsuALInNmsgydeduneiiognaledd 3anis

v
=

P lERTuegfUNITRIITUINIITTLADSYS 0N INLINE BUTILABITD 9INUATE [6] AYINNTS

Y

@

Taeansdedyyrnlaginisiansuinisgadeidunise a1glueins uazn1eueneiAg
=% & va ° a ca o v Y] a v = P ai
Fefladinisihaunisadamansiiieitesiunisagideduniwnis 9 wuuieniaunisi
wangauivanmkIndauuaziinuuaiugn lngannisfinwgidenlihaunisadinamansi

Wendasiunsgadedunianiglueinsisaunisi 2.4 [7]

Pl =16} g |1, ()

0



nsdnsgadedUN1aNBUBNIANSAIANNTTA 2.5 (8]

PLouldoor =10 log(d) + ﬂ + 107/10g (f) (25)

lnefl L(d,) #e nmsgapdeveanisdsdyqionile d, 1Wusverd1edd 1 wes lagli

NIuNINszelueINAdN (free-space propagation) L(d,) mlaainaunis 2.6

S~ 8 oz &

a
p
v

f

D) Db Dk D Db IHp DD Db
© (3} © © ® ® © [e3)

o))y
®

L(d,)=20log f —28 (2.6)

33891994 (M)

JEN1NVRIFLUTEANBNSgeY ANAtI (power loss coefficient)
szgrneananniguuasgunsalyldau (m)
Jadenmsgadoannnisunsn (penetration loss factor)

913U floors sewinsanniguuargunsalildanu

g
[ a a [ (Y]

AFUsEAVSIWTLTWAINN A e N Sady sy aiuTEEEN 1

Doy

(- 1

AduUszAnSveAeemiinvasnsaydenisadyyiu

o

i
1w I

AdLUsE AU Msads N sasdyaAuALD

A (MHz)

233 @angfdAannalvadasdygyn (Singular Value Decomposition :

SVD)

aangdaAlennall Aewmalanisuendiusznouveaming saninluguna

AnvaUnsng 3 /1 anansalulduselevdlavateniu wu Iddwiuannulisaiudue

gansusranininvesdoya lddmiunisinsizniesAlsenaundn (Perform Principle

U a

Component Analysis : PCA) udu lngnisaanediAiennatinestosdayyiaaunsodou

ot

(g7}
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H=UYV" 2.7

e U fo wnsndwun N, x N,
Y e wvindvussyu (Diagonal matrix) Inefistuiuasaduuiniivue
N, xN,

Vo fe wvisngauin N, x N,

2.3.4 MyinszezvinawuugAflAgy (Euclidean Distance)

1 a a I o/ U =) ¥
sreriauuuyAiLAey [9] fie N15inszeenesEndnege 2 gansedeya 2 40
v a - 1y a a & ° ' P
MENuUNinNIInga lngszegnawuugafinguazilunsAuINA1IINAaeIUBINATINYDS
HaRefdsdadsTeninadoyarivaes G tayant 2 daradieiuuin wansiveyaszeglng

wumvzvihlvirgafifeuilaites Whlnagud aunmsveansinssegviuuugadiveudeuls

&
U

e

lagfl D Ae suzviluvgAfiiguTEnIeteyana 2 4n
n  f9 UILF
a,,b, A YAleya

1

2.4  waldan519157aa19%tn (Precoding Technique)

a

aueasdu (Beamforming) %38 n1std1siaa1autin (Precoding) @unsafieulaing
aumnefuniieutulunanaia [10] Fadumeluladfidanud dalussuuliluwunulng
Tnsnsidnsiadasmiinsniuaedesidoyatnarsvesdosdyaia (CS) anmsaldldvsly
A01UN15ILULLWIAIEAT (Line of Sight : LoS) waziuulileagluiuiaieni (Non Line of
Sight : NLoS) n15idnswadmiineeiinisusyuianaieadesdedyaaludiuvesuawuud

1o

AInoa waratueINIAksazAlaeinnsdsdyy1ueenlugunsalldnu Fanalialvinld
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'
d =

szuululuaurulngiivssandamlunissu-dsdoyanguaziinuudug Ingn1sidnsia

v Y

¥
v A

s luszuululuvwulngazanansauseonlangi

Digital Precoding
i
s | .
RF Chain 1 >
" Power amplifier : PA Y
2
RF Chain 2 B>
Baseband PA
Precoding : :

B> Y N

PA

RF Chain V

A 4

JUN 2.2 nswhsrakuunaanvesseuuliluvunulng

2.4.1  MSNTHERNULILUUALAN (Conventional Precoding)

dususzuunisdearsiuluvuiulug wudnisdnsiaaismiualugiuees

£
a | o

¢ a ' v a | A ' ° vy
WAKUUARINDALYNY Lagd1ea1n1AkAasAUazin9ld RF Wwoufalnansavin g

'
! |

Usgandnmlunissu-dedoyaias uadeluszuululuauulngdauiuaiseinianuinis

Y Y

fosldduruniala RF Aunmny denalinisiandaaunuinaiuliaie wasvinlvnelussuu
aa a o v N1 ) ei =t a A a a AY o w
AIneallaududouiinduy [11] Asgun 2.2 Fnmaluladiaduladunsiitediinues

g13auasllAITHeNn15UYeaEleY RF waznswlasdyaadeyadmnalgeinauday

0 v aAw

L4 d[ ¥ tdy
AUYIVDANNAUNIU [4]

1. ¥l RF wiagfdasn1snassuaindivenedyeiad (Power amplifier)

U IS {

uaZAIvNLE Y QIMAD A Y QYIAITUNIUNIFN

2. finnsldndanuiigunntulunsulasandyaraniseadusuden uas

<

wlasandyanueurdenduninea

v '
A I

3. uiinmenmiieriuiidiuasenaiinnluiaregindiu dauiaduy

Jaannanlialsioausneviield RF uwiagiituaigania
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v
LY v

AetiuaInteINnTIna1Iu et udagiuNI U TSN ILUUA AL ¢

'
v A a a o

Gulssumnuddievauilomeluladaduiiadwnsgminltluszuulaluwuulg uazds
Igdnsimandnenssulmliivnzauturduiadunsdasnanluidedaly
2.4.2 mssnsvdalsvsinuuulausa (Hybrid Precoding)

nmsdnsaalmtuuulsusadunisyhausiuiuresvanuunfanea Las
RF ounden 7iuasld RF 1 faiunsasesfusivauaisernialdvaesa viliaiusaan
uauveiald RE vilinisldndsnuianatuasdananududeuvessyuulagliaayde
Usgansnmlunsiu-dedeya [12) Fadumedaiinzanfiazianldondmiunalulas
AAudadunAS Im‘aLual,wuoﬁﬁ%maa%ﬁmﬁwﬁaaﬂLLUUﬁmmﬁmawﬂﬁf’u%ﬁqsﬁagaﬁdﬁmﬂs&
RF ot luszananadeludiusunden Tnglunisdsfasuveundenaslddiuiouma
(Phase shifter) vt flvenedyaunouiiavdssenludgunsaiildam madhsiaaimi

= ' (9

wuulauinazioy 2 lassadnedsil

Analog Precoder

Digital Precoder RF Precoding @Y

RF Chain ¢
A

RF Chain 48" ‘@Y

JUN 2.3 lassaswanysalvesnsiisiaiuulauie

:

Baseband

ssse
sses
=
~

Ngr

Precoding

;
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24.2.1 nswrsvaatantilassasisauysal (Fully Structure

Precoding)
lassaswvvanysailunsitnsiaarmdiuuulausnasl
UszanSamlvinisdedeyafigeinediuiusindld rRF Aluidensefuaiseiniannislunis

Uszananavasdlusunaan lngdiuasunaveaslaseaiauysal ey TN slang s un

gelumsznseusianald RF Munaziiuaududeuludiuvesmsiinsiaatamtuuy

] o PN 1%

aundion fianugresdyniuiadu Jadamartidiissuvensawsianududounsiz

Q

@ [

Y ° A a X o 9 = Ty o S a da
maﬂllﬂ']iﬂ')u@llﬂ']ﬁmqﬂ’]uwL‘W@JSU'UW:]EJ AISUN 2.3 LADILNEUNUNITUISUALUUAILAUNINT

Y

€@ w 2

UszananauAnanea lassaduuvanysaiidafiaududounidosnin Inalassaisvesdiu

RF awden (F,,. ) awnsadeulaidu

Fr = I:fRF,] 5 fRF,z L f}aF,NR, } (2.9)

2.4.2.2 MSNTRaa1nlATIEs19uNedIU (Partially Structure

Precoding)

Iﬂiﬁﬁ%WQUN&’JN%ZI‘%U?S%M%J}WWﬂﬂif‘iﬂ‘?jayjaﬁmé']ﬂ’jﬁ
Tassassanysal iosnnlassaisuisdruazifumsifensouuuiundudesiuatgeinie
(Sub-antenna) Insfisiaele RF lddeufendafuaisainiaynda fagud 24 &ewmnil
1Assas UL IE@mITaanAUT Ut uTe Tz UU virlannsaUszudanasnulauinnin
lassasawuuanysal warildfannuneildnmsdsiaaimtineddasiadiaunsdin wild
Tuszuunsdeanslfangluluruulug Weansunuuazananududouvesendaund [131-14)
Tnedaneifiuiiviunldfulassadraunsdruiideufudy Sanesfin SDR (Semidefinite
Relaxation) 1As9@319u03n 151 9%d@a 19011 RF aunden (Fo. ) astduuminduuuuden
(Block diagonal matrix) F,. =diag{f,,... f;-.. [xr } dlo f =(N, / Ny ) a11130108y

ARsaunIsn 2.10 fall
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Jrrs 0 0
0 fo, 0

Fu=| Rg’z S (2.10)
O O fRF’NRF

Analog Precoder

Digital Precoder RF Precoding
Nr

Ngre

Baseband N : H
Precoding ¥y : N
T
m Ngr

QU :

JUN 2.4 lassadundiuresnisiiisiawuuleuia

25  desdyyraluluvuiulugdienisiiisiaalsniiwuulauia (Massive

MIMO Channel with Hybrid Precoding)

PMNAITANBINISIUITRaa1 LU Uleusa Yesdygrudnsululuvuiulng i
aunsii 2.2 afifulsveawisifdwesiudunludinuaiuudidnea way RF eundent
Fesdonndastumsihsiasrminuuuleusa fafuaunisdesdyaaliluauiulngsons

[

Wswaaramtnwuulausaeulanad

y=HF; . FyS+n (2.11)
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2.5.1 dnsn1sdedaya (Data Rate)

[

dnsnsdedoyaluiideiffendnnisiieafungu] Shannon [29] 91013

1911939095 UUNTHRA S alinsdayaanandsludiniasudenddyyrusuniu

¥
a = = o 3 [

Weduiawauinnduaunismiauatesdy i (Capacity) Faduaruduiussyning

9

dnsndinvesnisasdeyalumednsedyyinsuniu lnedasinisdsdeyaiiieviaiiou

RY
¥

NNIQAIUANNTOVRITTUUNTFRASNTU-dedoyalddnin aunmsdeuldns

DR = BW log, (1+ SINR) (2.12)

(%

lned DR fa dnnsdateya (bps)

BW Ao LuuAis (Hz)

o

SINR Ao dnsrdiuvesdyiasadyginsuniu (Signal to Interference

plus Noise Ratio)

Yal v =

NAUNTTN 2.12 Wk SINR untuagdsnaliiionsinisdadoyangs &

Y

v
v ¢

AuRanaIntasasluszuunisdeans uenainlidnsnisdsdeyadelliarnuduiusd

c

UseanSninnisdstaya (Spectral Efficiency) AaUSunndoyandsludgunsaldldause

Y

wuuidsaviun FeRfed BnIINNTATRYAMNSAILUUUATS DR/BW (bps/Hz)
2.5.2 Uszansn mwaseu (Energy Efficiency)

nszuvlilusunulngisuiuaseinmanuintu dwalanislondasuves

o

sruudAngelu Uszdnsnmnadsnudumsndwesiddylunisiansannisdsdeyaves

SEUUARANTTiLansiansUsERSaNE U 9 nAnuaunsalunsasieuatiauas Seldwdeau

Y Y

Ptewas fetulssaninmndndalumnuduiussenitaseansamnisddoyamsmne

nasuildnaualuniads Wundanusnsvets nduannsulasdyarufdneadu

¥
Y A

[ v 1 1 1 £ a
pUADN NAWUVEWNLY RF 1Wudu Ingaunsanunsaleulasail
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DR
EE = (2.13)
])total
Tnei EE @9 Uszansn1mwassnu (bps/J)

P

total

Ao wasunlgnaualunags )

253 wasnunlinaualuniags (Total Power at Transmitter)
Tuduvesmsidsiaarmindmsussuululuvuulng Alnsussuranars

Adneanavounden sinsldndwnulunsdedeyasgnasdiu adinsfansanvugutoya

NuITeNAnY [2], [15]-[16] ftdundsualdnmuelunieds P, awnseldsuduaunis
Togiatl
})toml = Leommun + compu + P fix (214)
Tnef P A8 NaSWALGUN5E0E75 (Communication power)
o AD WEINUlEIUNMTUSTINARATIUALUUAATNBA (Computation
power)
P, D NAINUAIEIUTUNIAEN (Fixed power)
We wdsunldlunisdeas P, A9 NEIUAINEIUTOINANUSATWENY P,, LAY

WANUVRIRNIG RF Py, A9auni1si 2.15

P, =P, +P, (2.15)

commun

1 @

AUNA19UIUAIUNISUSEUIANATIUALUUARINDA P ABWaI1untdlun1sussuna

compu

1 (%

dosdygrunuuliaty P, wasunldlunisidisiadesdyyin P, wawuinlglunis



17

Uszananalsduludiuuaiuuauas RF P, waggavingfenasanuildludanasiuiig,

Yaus P SeEunsh 2.16

Complex

P =P.+FP,+P,+P

compu Complex

(2.16)

2.6  wWALANISIUTEA9MTNA89ana3N OMP (Orthogonal Matching

Pursuit Algorithm)

[

ASHUNSHAANUINIEaNDSAN OMP [17] WULNIS MIIIUBE19wNI A8 LWUNITLY

9ane39u greedy LilougUdlun T QIALUIUN (Sparse signal) ALz auTIgn 9310

Y 9

JUN 2.5 [18] giitunaulun1snifAe SUANIINANFUTUS max

Jj=l~n

(.., )‘ wAAedui

= & o =~ ° 1% Y  ad o o Y
ll']ﬂﬂ/]q@ ﬂqﬂuquﬂq5§LUSULsﬂm |:(Di—1@j:| LLagur]lIr]LLﬂ'{jmﬁqﬂqﬂaﬁﬂqaﬂﬁaﬂuaﬂmﬁﬂ (Least

squares) min ‘y—(l)l.xu waryNITEMANAITELA @, WAy ANMED (Residual) x, Uax
x 2

1

o w

gavineruguaunitaglaaednneany @adagiuismstiiidedndnlunisadedaygyiaiun

Y q A
a a

U waEd A lUNUNNISIUISHARUUDUIADN daNalrinisandsussansainlunisda

YR

URHG

¥y + T\ Ll Correlation J;-i' Set Union
\.:} J'ill""ﬁ{i{"l Py [®i-1 @]
a; cpf
Interference X; Least Squares
‘ng‘“ minfly - ®;2]l,
X

sU#l 2.5 Mavihauveadanediu OMP [18]
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U7 2.6 Tasasaunsdiuvesdanesiia DPS Tudwnsidrsianuueunden [19]

2.7  wANANISINSWEa9MUNA289an057u DPS (Double Phase Shifter

Algorithm)

310 [19]20] ln@nw1din1seenuwuuszuunsidnsiadmiidiulngszedlu
aurden Jausznevlufedivasuma Insainlassassdlng szduldinnsdnsia
armtgelasaadisursdinasldduaunaeld RF fides shlisudsumaludiuves
audeniinisvhaufiie ananududeuresszuy Saduduiiviliaunsadssudandsay
s etinisuniauedanesiin DPS saufu §anesiiy K-means 398anesviu DPS Huianns
Fviludiuvesiiuasua fidesinfosiuiuiacde RE Jud 2 119ld Tnsudazvacldas
\Fouseuuudunaueesiuameeiniauay 2 fAsuma fa3Uil 2.6 uazannanisnaaosly

=3 (Y

UM 2.7 vihmsidSeuiieuluaudsgansanlunisdetoyanvudndanasiu DPS laseass

u

vndulivssansniniigendnlassad wanysalvesdanasiy OMP
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80
® o

@
0]
@-
]

—8— Fully digital BD
—&— Modified K-means algorithm for dynamic mapping
—%7— OMP (Fully-connected) [9]

Spectral Efficiency (bps/Hz)

Number of RF chains N

JUN 2.7 Wiguimeudsyansamlunisdeteyaveslasainsusdiuvesdanesiiu DPS fiu

lassaieauysalvesdanasiid OMP [19]

2.8 N13NR1sUIUsEENSANURHYsyIad (Consider Performance of
Signal)

2.8.1 AMAIMNUINTVBUAIBYY (Quality of Service : QoS)
nsinsanUsgdnsamvataseviaiudsdifyneviligusenounislasas

¥
(%

JaniazmuaIns0ue9syuvdEoans Jeleuvesiadiniife AunMUSA1SURLATRNE

q

1Y

(QoS) iluip3asilofidrfy Mznmafauazaruauaanmyesdoyalimdulumuinsngiud
fvun Prednassninenswuuais liuiededis Snsdwesiieadenduy annunsyau
n3g28 NMIgyevasuiniin a1 iuiu Teedtugiuauaimuinisveaaiatie
annsaudsladu 2 wuude
1. 113999M3NEIN5IA38%918 (Reservation) Avdsuilazisuiinisdsdeya
n¥nensiedetiefisndusosiinseesnewtu wuudls Swrlesuas Ay
a1t Wusu
2. M133aafuAIuEIAeY (Prioritization) \un1sdnaifuaud1fAyves

a v

Toya Iasdsdeyaoslsneu-nds Juegiuriinvesdoya Inaun@uiniin

u

Toyavzgnuuseanifumaianiuszaunudday (Class of Service : CoS)

Fetoyaneglunanaiediuaziaudifayiniu
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2.8.2 Uszaunsalfldauuasazuuuninuniiuaie (Quality of Experience
: QoE and Mean Opinion Score : MOS)
NMIMIIVTIRNUAIAYVDIAUAINUTNITVBUATOUE (QoS) TUUAITS

v A

Juiissnisianuamlaesiuvenasetiewinuy 399 ndudediinsesledndndfyfe
Uszaunsadgfldanu (Qob) Fuaseslovivassditazdauduiusaeiunaniemsy/miedey
Wetislunsiiasienusedninmeesssuunisdeansuaziveigusenaunisidndiag ey
=l 14 & ! Ya <2 ' = ' < 1 L3 £ <
wIegnAuINTuIFlEinuisnelaseaTetneluegnals Ussaunisalldaudunisuen

<) (Y

aunnlngsmanaierts Mnyunesesldou laoiduiifauuy end-to-end Fsn13in
AanMIaINsUINsiedetislidasdu iuusiwes dle wasnisdearsmads s
Sumedidn (Judu Falnealduszaunisalfldanuditnisuseidiueg 2 uuu Asuvy
Subjective agifunsitusziiivanarmianvelinulasnsddiienadoddausuumnn
ieldlunisuszfiuanuitanelasuiui v ldenn wazdnisndsdeuuy Objecitve u
myiamnufianelavesflfsueguudeiiinnis fifeyanienguiunsesiudadvisivilade
donsusediuuarazdedinisldindodiefiBonit azuuuainudeiuiads (Mean Opinion
Score : MOS) defiainfuinTosilontsaguniu ITU-T P.800 [21] Al¥fusgrsunsnans
Tnehaluazdiinausinsuuudou 1 85 dmieail 2.1 BailezuuunraAadueiognldiie
Taurnunmeesdssvidulumsdeasiiulnsin udiagiuausoiunldinaunimues
Uimaededslivatssuuuy eaunmiudesdiléis amniwlunisaunun aunwves

Flowaz A wlunsdenseirsevieBuwmasiie

15197 2.1 wanspziuunuAniuRdefisuivanutanelavegldnu

AZUULAMURAILLRAY (MOS) AN IND VB lFau
5 Ao
a4 fun
3 g
2 wold
1 UFuus
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29 @3l

a

Wamluunillanaifessuunisdeansluya 56 ludiuvemdnnisuasngul

a

Wetesredasdyminliluvuulvguaznisgaidodunis Faaeivinisiansannisgde

EuMauun1elueIANsHarN18uen01ANs WUAY 1nTuIENanaanIsiensiaa ity

] [

szuuluTuawiulvgnanvuaafunazuuulauiasiuiefnwidesdygyrueeanisitiswa

= L4 U !

drmtuuulauia lngannisdnyinisdisfadmtiinesiundalymnisldndnungs

v (.}
o A Ao a

wonntdsAnwdanesiiumdufivanfiaisauazisesudisulsyansawlusumneg e
Aadane3iiu OMP uag DPS anvingasilunisnaivasesdialunisldinusednsninves
IA3EYILTI9 ANINUINITVOUATEUY Uszaunsallldanu uavazwuuauAaLiuRaeLie

dnnlditeusulsessuunmsdeasiiomiuussdvsnnsely
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N1393NLUUITUU

3.1 na17dn
uniiagnaniviuneuiouiulsiseaninmlunsdsdoyauaznaiiuafionela

Tfugldam Tnglaldlusunsy MATLAB Wevslunsdnassszuunisdeansiuluvuiulng)

56 damagadeliaulalunisuivd gmsthsiadimiuuuleuialassairsunsdiu 1old

(%

gane3ny Alt-Min dwsuusuussansamnisidnsialudiures wawvuduag RF lngag
aglitedtavemdsny Ssanmaiaiiivinisuiulgssansamlunisdedoyauay
aunsnannsldndinuredlaTEieudINuad wuUSeuiisuiulasaisanysalves
Sane3fiu OMP uazdanoifin DPS vaslassadisursdiu Misluduarmaunsalunis

Usgndandsanu uazanuannsatunisiinanuianelavesszaunisalglden (Qof)

3.2 wuvdtassszuvluluvuiulng

Analog RF Precoding
) User 1
—— A J
- ne,\ L
— @il @ P4 C‘ﬂ a(-\'"/-/r
Digital @ &
Baseband Ngp @ E :
Precoding
S Cha
7/75 — ?’7 Ne/ K S

=
=
o

5UN 3.1 Taseadaundnesmsinsianuulausadmsussuululavuulvg
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o

nszuvliluwulngflouidedviinis@neianunisfiansaiuuuaniiae
(Downlink : DL) Aen1sdsdyeyraiananiiigiuldegunsalffldan ) aremalinnig
Safnandanuiseain (OFDM) dwiunisdrsiadimiindelasaiauisdudaguil 3.1
Tngfidunuasoinaluaiads N, 111 100 fu kaganinguszasduosauiifosnisan
nsldndenilussuudaiusfaulaluiinsdistadsaindielaseasaunsdu sty
F1mve RF idesifieananududion Tag 1 viasld RE agvinisdeusedusuaudiien

Wa N, =Ny / Ny Wo Ny, Aoduiuveewiile RF deaunistesdyginaiunsadeuls

il [2)

Vi =H FpFps+n, (3.1)
dlo k=1,2,3,..,K
e y, A dyugun1niu N,

9 YOI IUTENINNPEAEAIASU N, x N,
=3

X
o)

=
5

9 RF aundan Npx N,

wﬁj
s3]
o))

9 LUALUUARTINDR N, x K

InmesNIAdinggUnsalEldeu (K)

=]
o))}

9 dgy
!

n, o Ao FUQISUNIULULNIE (AWGN)

Tnefideyaruainniads desdeyyin (H,) RF au1den (Fp,.) Lagluduuunnanes
(Fy,) avtunmaunissnsinisdedayaiilorsvitnisiiansundudiuiugynsalfldauas

Vo

a13nsaLeulanat

K HF _F_F! F'H"”
DRk=ZBW10g2 1+ — k*™ RF* BB,k™ BB.k™ RF*" k
! ZZHkFRFFEB,jFBII;,jFRIE{HI\{I +O_lf

k=1 j#k (32)
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3.3 msuiudpsnannmsidisiadswmthaeladedninaunasau

v
= o

idellaginauenisusuussnunmdmsunisidisiaslmiimelasiasnsunsdiu
e lugussananimndanu (Energy Efficiency) 1319810155 uU s dnsameeTs
Minimizing the Euclidean distance [2], [22] s¢%119n15W 159 aa 1mtNAI Mk uvauyTnl

(Fully digital precoding) wazn1sinswaarmtuuulausavevaLuuanInea F,

BBPOWER

[

uay RF ownden Fy,  lesaumsideulddsil

El

mmn}:nze ||F0Pt a FRF POWER FBBPOWER F
RFpower ** BBpower

§ FRFP()WER ediag{fl,...fi,...fRF}
Lo " (3.3)
||FRFI’0WER FBBPOYVER < E

F

e P A9 WAWUAdmTUNIAE
Ao NshsaamihRIneawUUaNYIHl Fanlaantdesdygn H, Mg

WNTUYNANBNGIU

3.3.1  MSNTEaUTwUUaUIAaN
F1sunisitsiaaaut I wuuauIdsmludlrun sl dsunarvtinfve s

Fouaynaw wazdusudwasdaiiolddsdyaaludagunsalildau daluaming F,,  qui

POWER

nswWasunAdudygraawiludinvesdyginteundgalidnsisuuas daliuain

'
[ o

1As9a519v09aun1s9 3.3 Addeddnvesnasuasiidmiuniadgs P lddesihuidiuiuls
waziuual wakuudfara Fdun1suiulgnunineduaiuuniay RF aunden ag

Mlalaglddanesiiu Alt-Min delutunsuusnisazyinisusulssamninludiuues RF

(9

13 1 = M v &
2UNDNNBUY ﬁ]%gﬂL‘UEJ‘LﬂWlIIﬂﬂQU

2 2

sNT
N

RF

<P (3.4)

F c

F F ||
|| RFPOM"ER BBPOWI‘_'R BB:"OWI{R
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Tngilovinsdeulusuwuuvesdanesiiu Alt-Min szanansadeulanaunisi 3.5

mlnlm]lthxeNRF ‘ FOP[ FRF POWER FBBPOWER F
Frepower eC
A .
LD v € 419E S oy (3.5)

o

wenniananautRvesmesuuluaunsn 3.4 awanusaideuaunisves ualanad

minimize
c CNt xNgp

F,, —F

F
op RFpower ™ BBpower

F
F, REPOWER

phase (F opt ) = phase ( F,

Pt )
RFP(N'VER BBP()WER

(3.6)

lno?l  phase(F,, ) #o msdniunmsmiuizailuldazinaresuvEnddineauuy

L4 <3 v & £
ﬁlllluim Fopt oy RF aulasn FRFPOWER ﬂﬂuu‘i]uiﬂ

A H
phase(FRFPOWER (i,p)) 1 phase (Fopt(i’:)FBBPOWER(i’:) )

1<i<Np,p= i N (3.7)
NT

3.3.2 madhsadlmdiuuuidnea
luakuuafIneaanivimunnlunisaiuauigwuniads (Transmitted
power) Tngn1susulssludiudineasvvinnisimunsn RF surdaniuainad Faduain

(9

a1n1s9 3.3 aunsadisulanadl
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F,

minimize opt — FRFPOWER FBBP()WER

NRF xK
F, BBpowEr eC

F

'
A

2
i < Nerle

F NT

F,
H BBPOWER

F99naun1sn 3.8 wddedninvesaunisiidsasawuulaiyu (Nonconvex Quadratically

Constrained Quadratic Program : QCQP) [17] fstiuaganinsadngulnlanisil

minimize 7r(QZ)
ZeR"

Nge B

Tr(G,Z) <
T

o {7r(G,Z) =1 (3.9)

Z=0

Rank(Z)=1,

o o v N P D 3
TneNn1vun L z—[vec(FBBPmm)t] N =Sz ,g—1K®FBBPOWER,f0pt—vec(Fopt

). =1
Ay

I, 0 0., 0 o | o |-
G = .G, = 0= " "
_f g f f()pt

opt opt

1o n=KN, +1 fo wvindeeilifiuuddou (Complex hermitian matrices)
G,G,,0 Ap LUVSNgaNLns (Symmetric matrix)
%6+ fopt Ao LINWesedau (Complex vectors)

o w

dmsuaunisi 3.9 §alifedninves Rank(Z)=1 Fududeswinlunisuiatyy) daiuds

e

uideymeneds SDP Tnenesiudednin Rank(Z)=1 azaunsalvuaunisivaladu
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minimize 7r(QZ)
ZcR”

7r(G,Z) < Narle
t
deo  {1r(6,2) =1 (3.10)
Z2>0

Tun1sUsulslssansnnnisidnsiaarmiiiuulauiavesdinuanuudfinaauas
RF oundenfiegnieldndsau 1519258n38n015891 38n15UTudsaussdniainndeanu

(Optimize power)

C% 1 v v

3.4 nsUTuUeRaIn NS sTEEmTina89ana 39 OMP

Yaa

dane3fiy OMP 2giin151438 Minimizing the Euclidean distance @M% 35U

ANdNTUSIEnIM s TiaamiAdneatuuanysal (Fully digital precoding) Uagn1s

(Y

isadrsmthuuulsuiavesivauuudiinea F,, —uaz RF eu1den F, —#danoiii

[

taplulaseaduanysal Snnuidouna N, = N, lasaunisidoulsisil

minimize ‘ F, —Fy Fy
Frioup Fasopp P omp omr ||
A FRFOMP € Agr
1o | (3.11)
||FRFOMP FBBOMP F - NS

e A, fie d1uves RF ewndenlassaseauysol Frp. =[fRF7],fRF_2 ooy fren ] T

gilanuduiusiuyunmesvesageInanIfgs a, (0,9, )
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3.5 nsuSudsaannmsidnsiaamiinaiedanasiiu DPS
Tpssadaundrudmiudanesiiu DPS 1Wunisusuusslszansamsauiudane3
K-means Sauiudiaildsula N, = Ny / Ny, 399z18un15fiansauuy fixed mapping

@

Tngaunseulacadl

minimize ‘

F . —F F
For . F opt RFpps™ BBpps
REpps ** BBpps

F

o FRFDPS € App
LD ) (3.12)
< KN

F RF

F, F
|| RFpps ™ BBpps

A 1

dlo A, Ao @duves RF sundenlaseadisunsdiu Fpp. e diag{fi,..fjsfoe | 1008
YOIAAUDITIUIUANLGY RF N, <2

Nnaunsil 3.12 Inasosdusznovilildqudluudazunivesnisidisiavesdiu
RF aunden feduiouftymuazifinussandamlumsddeyaaansadouaunslilés

[

aumi‘ﬁ 3.13 [20] mﬁ

minimize”d —ec ” (3.13)
lahe; ' CE

H
o . d
o =N, j=1:Ny, d =FL (i), ¢, =F}(j»), ¢ =t

J i
opt 2
ch Hz

N3k~ (-)T Gh) transpose

WiahunUFuusesiuiuganeiiiy K-means azdungnisundaviitemusednsamgagn 69

aunsh 3.14
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NRF

maximize Z A z dd

’\'R/
{p;} ieD;
j=1

. U ={1,...,N; }

e 7 (3.14)
D, ND, =9,V #k

do D, e lwavasiuuaeonaiuiUTmiuduuvialyd RF
a . . L H
Inegdien  Centroid @ ¢, =4 | D dd,
ieD;

L H
Clustering : —argmflx‘di cl/.‘

a L) =~ 1 1 v
3.6 ﬂ']‘JW'i]']'im']U'iﬂ']'iLﬂiﬂ‘U']EJLLﬂEEIcLSU\‘i'Iu
Jagiunisldnudumesidanarasdudiunisluiinuszd1iu aniissuululuvuiy
Tngdaruaiuisalunissesivildaunsoviedumesialduintu Fausnrsdmsu

Sumaﬂﬁmﬁas}um PHANUNITANET AIUANNUULTY A28819 LU N1sissusueaulal NS

E

“U pvesooulall msmau‘lwamaua WaLwag W’JWIEJ wagziaunuddunu IWEIIUQW‘LJ’J‘\]EJULTH]W

s aal

aulaluil 3 Uinsfisigldsudumesidnaulannn (3] Ae Liulwsilwes 3le uaznisdeans
madesriudumnesiin wethurinanuiwelavesssaunisalildanunineuszansamiu

N3edRYaveATaYINTOANAINUTNITVRATENY

3.6.1 USASIUIUSI YRS

I3 &)

' a oy a s @ Y vyl [P 1% =
ﬂ']ﬁ‘V]ENLTULUUﬁQWm%QWUQULVI@ﬁLUWL‘?J']ﬂ\ﬂﬂﬂ']ﬁ] @'ﬁﬂ?jLW@W'ﬁU@%ﬁ nIBNIT

u

1

Wilgunwaiievhsstefueesulal neluiversasiviedoya sunm vieududszuy

Y Y

[% '
U a

afflifena Tumshdaduusriweseeldnslvaea HTTP dstuaindddldnunisuinis

Auusriwesuan wdahunldlunisfiansandudszaunisalfldauiniisensenis Tne

ﬁﬁJﬂTﬁ‘U’eN‘U'ﬁﬂ’ﬁL’JUL‘U'ﬁ’nL"U’Eﬁﬁ'mﬁ'iﬂL‘UEJUIH?U‘UEN?]“’LLuuﬂ’NNﬂﬂmumaﬁJl y\‘ifl [23]

MOSweb =_K1[n(d(Rweb))+K2 (315)
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A a

Tnei MOS Ao AZLUUANUAAWILRAYRIUSNISAIUUS MRS ANNMIS19R 3.1

web
;
! Q;

K, K, fe e vildiasuuuanufniiueiesgsening 1-5

12

3

A a

d(R,,) #Ao feuduiusiudadeduuinisiiviusiwes wu nailundu

(RTT) auantiviu (web page size : FS) asnisdoya (DR)

Y

NAdnudgan (MSS) Insaunisideulassd

2MSS (2" -1
i) (MSS RTT)—# (3.16)

d(R,,)=3RTT+—+L| —+
DR DR DR

dlo L=min[L,L,] Az misrfiwesvesiiuiunissuduiinlunisfoudedumesiiaiu

dranawnldluaunisi 3.15 uag 3.16

1 DR-RTT

L, =log, (—+—) (3.17)
2 2MSS
1 FS

L, =log, (—4— ) (3.18)
2 4MSS

ed L, fe ssuseulumsidunisluds bandwidth-delay product

L, #e fwauseulumsiiumeluwueaniniu FS

dmsuszuunisdeansiuluvunulug 56 nanlundu (RTT) Svuadidnunn
[5] wazannn1sfsihmsiansanuinsdmsudumesiadudldauiieddinu dauuins

< 13 s = a )
LIULUSNILEBRIIINENNTN 3.15 mmiamauaumﬂﬁlwma



31

DR
MOS,,, =K, In [F—kJ +K, (3.19)

9197 3.1 wansnziuunNANuRaeflsuiuau e lavedldiuvesuinisiu

W a3 [23]

AzLUUANUAALTLIRAY anunswalavasfldey | Ussandamnisdedoya
(MOS) (bps/Hz)
5 Alde NN 7
4 AN 5-7
3 Q 3-5
2 wald 2-3
1 YUl Wosnin 2

1NN 3.1 NhandAzhuuANUAAIURAsaufuAuRanalave
;ﬁ%’mwaw%miﬁuLmﬁma% 151981UINASUNAVALNIST 3.19 LAaZINNAUFUNUSVDI
wafwes K,, K, \ielildnziuunnufniuedeeglunnd 1-5 Ussdniawnsdsdoya

1Y

= [ ¥ fa o ¥ DR IS
ApgnIINTTdslayamInlsuuNals (bps/Hz) Linasfvualil SE = BWk WEANLTANTIY

Wuaunislasail
1
:SE, < SE,
SE, -BW
MOS,,,, (SE, ) =< K,In [I}T) +K, ;SE <SE, <SE,, (3.20)
g ;SE, > SE,

4.5

3.6.2 UINsInle
a A aa @ A = a P U oA 1 Ay a
uinsiasevigvesifleiludnnilauinisiiagdunedindigldauieuuinly
szuueeulaunafunsginsviey waslussuu 56 awnsalvnuaimeautavesninlusedu

HD laguin1stiisnazAnwinistudniileves H.264/AVC srgmnuansansiudadeyaiite
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P A v A a v g v = A o 8 v aa PR
E‘NN']ULﬂﬁaSU']EJ&LVTlIGUu’]@VlLaﬂﬁQLLmBﬂiﬁﬂ?qﬂagLaUﬂsﬂaﬂﬂqWW’gﬂ MWiﬁﬁWNﬂiﬂ@’JﬂI@imaﬂN

sl v 1% =

105U wazddlduuiinsiesatne Jalald PSNR  wndnnmun1mwes dsaunsanansodey

TEsadd [3]

MOS

video

=dlog(PSNR)+e (3.21)

=b

1ng MOS,, #9 AZLUUAINANLIURAEYDIUINNTIALONINATINN 3.2
d, e Ao Ape?l MiliRzuuuALAniuREEagsTnIN 1-5
PSNR  fiB dnsdruvesdnysnsiodayaiasuniugedn (Peak Signal to Noise
Ratio) (dB) Ina PSNR gnansamlaainaunis 3.21
DR
PSNR=m+n |[—%|1-—L— (3.22)
p DR,
Tne? m, n uay p fe WsRwesilutadelunisansuiiainle [24]

DRSNS 3.2 TansAsiuuANUAnTMRasg UfuALianels

vosildnuresuInsiateduannisn 3.21 iielildazuuuaiudniuaiveglunue 1-5

v

wazInNANNFURLSYeNTmes d, e avanunsavdeuduaunislanadl

1 ; PSNR, < PSNR,
MOS,; 4., (PSNR, ) =< d1og(PSNR)+e  ;PSNR, < PSNR, < PSNR,; (3.23)
4.5 ; PSNR, > PSNR,
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AN 3.2 memLLuummﬁmﬁuLaﬁaLﬁwﬁ’ummﬁwaiamaa;ﬁ%mumaw’%ms‘iﬁia [3]

AZUULAMUARLTLIRAY AN aNa R valdau PSNR (dB)
(MOS)
5 Mo 11NN 37
il ANN 31-37
3 A 25-31
2 wold 20-25
1 YFuug Waenin 20
363 nisAeansmadesinuduwmasiin
msdeasmadesinudumesinduwmeluladfivaslisamnsalnsdoans

fuldrruBumesidadudidenfifidosnnimldieiisininlnsdwinsldiuludagdun

a

Wuluussuuauasn dmsunisasaisniadsaniudumesidaisianwaziduniswlag

Fygyrauuuu AMR-WB Lunisyisuiiszulasdeanaveusniudygyiufdneansuiag

duluesetnedunesiin awisaligaaindssidauin Ineu1sngIures AMR-WB 9zl

AMUAUNUSAY R-factor [25], [26]

o))}

Rfactor :RO 1 _Id _Ieff _Af

S

e R, A9 dnsEILdy IMnednygyIIUNIY

I, fo
I, #®
A, @

%

1A [

¥

J238N15ABUANNNITUINNAIUEIT VDA

Jadevalalsau

<

NASINYDINTITADYANVUTENININNTASA U U UL ER

£

QaLE S

(3.24)

1, fie Uademsdesdfininusedvsnmuesgunsalmlaainaunisi 3.25

P
I, =1,+(129-1,)x —r

sz Xsz

(3.25)
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el 1, Ao Uedensdesrvesgunsalidlonsgaeveswiniie fandu o

)

;e nsagmevesuiiniie

A Tadenisumudentsgymeveniiniin

o a v o o a 1 a IR
NAUNTINAYIVBITUNTFOANTNIUFLIRNUBUMBILANY 3.24 Uaz 3.25
zUgAzLUNANUAATUREAY MOS,,, ATUNINTZIU0T ITU-T G.107.1 F991nA7
R, =129 §3UU R=R,,,, /1.29 lngfinuaivenzuuuaufniiuadoudaninnisied 3.3

[

LAYAIUNS LY UANNT AR ST

MOS,p =1+0.035R + R(R - 60)(100- R)(7x107) (3.26)

A15197 3.3 haRATLUUAMUAALTIURABBUTUAURIWE YR INTSFRE SN EE N Y

Suwesiin [26]

AzUUUAMUARLTLLRAY AuNInalavasrldau R
(MOS)
4.3-5 I 90-100
4-4.3 AN 80-90
3.6-4 A 70-80
3.1-3.6 wald 60-70
2.6-3.1 UFuse 50-60
1-2.6 W weendn 50

a a4 o a Y TRV a d'
INAUNTTN 3.26 WHBUILIRITUIAUANUENRUSTUATISI9N 3.3 NUang

AZBUUAMUARTULRAsIABUAUALTInelaveInN1sARa TN Asa U UWmBsS LA 910

ATLUY 1-5 @111509bPANNANNIT 3.27 fadl
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1 i R<0
MOS, ,, (R)=41+0.035R + R(R-60)(100-R)(7x10*)  :0<R<100 (3.27)
45 ; R>100

3.7 msuSuuseuszansnawanuiawalaglden

Tudetiazilunisifiudseanianlunsdsoyalaeyssslunmsdiasannn

]
1A

USnsvenaIeviweseal SINR liddnanietlugauiisnelavesldanlunia 3 usnis

|
fio dulwsfwes 3le waznsdearsmadewiudumedidn fundesdinisfunausives
ATuuUANARTLRATEIANNST 3.19, 3.21 uay 3.27 Fedane3iu Alt-Min el
mMsfinrsae SINR Ingegluteulvdidosiiaminndt SINR,, ileligldaudamuis
nolagean waznssadrmtsludiuteInea/ounden Fy, F,, Faogaelifouly
vostesriadundwy e Mos, fewrsfiwesvesuinisin 3 USns awsaleuauns

Tanadl

maximize MOS,
Frr:Fyp, k,j

H, Fy.F,, F. FiH!

BB.k” BB,k

> SINR ;.

K
y H,F,.F,, Fj; FiH +0}
1o ,;;k PPV g (3.28)

z BBk;
#k

k=1

>
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AATLIUBLETUNANITINRDITEUY

4.1 nan

PnNguuazrannisiifettesiunisiisiaasmiuuulauialussuululuvuiy

' ' o v
a1 v @

Tngiaslananlivarluuniidiuun deduluuniaznannfawanisdnaswedszuudmiunis
sadramindelasiairsunsdiuiidnmsuiulgsnudseansammdsmauisuiulassaing
auysaivesdanaiiiu OMP uazlassainaunsdiuesdanasii DPS ddluusazsaneiiiuass
maSeuidisuitsludumsdsendandanu Ussavsamlunsdideyauazenufisnelaves

HldnuniranIetieiisuiulasaiauysal tazlaseiaunsdiuvesdanaiiu DPS

M1597 4.1 wislweslunisdiaeswesszuululusunulg

W15ALn0S AN
PUIUEYDINIANIAGN 144
TIUIUAIYDINIANIATY 36

WUUAIS 300 kHz

Al 28 GHz
UL RF i
LWadYUeLEN 1

fdsnsiinindagean 33 dBm
NuLTEluLRazadames 10
PUIUPREADS 5
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4.2 ns9naasszuvlnluvuulug

nsinaesszuvluluvuiulug  OFDM d11sun1189AL5198vn15Wa15 64 43
Auigen (sub-channels) dswrsfiiesuanifanisnad 4.1 uazdm¥usuaugunsal
Hldsuazaundliisiuau 10 fl¥au fansdsfadimiuuvleuindmiulaseaiing
UdFaes Optimize power AxiiniswanisiiaesvasnafisduresiuauaseInA M3

gy deoiduniuazysEansnmanunasau

NUT 4.2 13un1sfiasuiaNLnnaIwessuIuatgenaiiasiufe
N, =144:N, =36,N, =64: N, =64 waz N, =32:N, =32 fduvlszansanlunisds
Foyaifisusiuat SNR 910 -20 f4 10 dB FeagifiuindszAvsninlunisdstoyagatuniunis
iuBumesd SNR viavn 3 nadivesiuauaigeinmaisneiu uazainuanisaesaziiudy
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Abstract— In literatures, many works on the area of massive
MIMO (Multi Input Multi Output) presented the improvement
of signal quality by using precoding in accordance with partial
structure, However, only signal quality is not good enough to
represent the satisfaction of users. In this paper, we proposed
the precoding for partially-structured massive MIMO by
utilizing user satisfaction in term of Quality of Experience
(QoE). The level of Mean Opinion Score (MOS) is adopted to
express QoE of web browsing service. In the first step, we
optimize the baseband precoding amd RF precoding by
proposing the alternating minimization methods, then optimize
the QoS parameters for the best QoE. The results show that the
optimized QoS parameters lead to the satisfaction of user and
the achieving of the required level of QoE.

Keywords— Quality of Experience (QoE), Massive MIMO,
Quaity of Service (QoS), Mean Opinion Score (MOS)

I INTRODUCTION

The 5th generation of communication technology can
provide higher data rates, larger spectral efficiency since a
massive numbers of antennas operating at high frequency or
millimeter Wave (mmWave: 30GHz - 300GHZ) is employed.
However, the consequent problem is an increase in cost and
the large amount of power consumed by Massive MIMO
systems [1]. The hybrid precoding is precoding method for
massive MIMO systems combining between digital and
analog technologies that provide a high throughput, reduce the
number of RF chains, and save energy without degrading the
system performance while the traditional precoding can only
improve only digital precoder and one RF chain to support
only one antenna [2-3] The existing hybrid precoding
architecture has two features: partially and fully structures [4].

As shown in [5]; the authors have proposed a hybrid
precoding by altemating the minimization algorithms in
which the full and partial structures are a Manifold
Optimization (MO) and a SemiDefinite Relaxation (SDR)
alternating minimizations respectively. The simulation results
have shown that the partially structure is able to provide a
better energy efficiency over the fully structure. In addition,
as shown in [6], the authors have shown the comparison
between the partially structure of hybrid precoding and the
Orthogonal Matching Pursuit (OMP) algorithm [7]. The result
has confirmed that the partially structure outperforms in terms
of cost and energy efficiency. From the literatures, there has
not been any idea to improve the signal quality based on user
satisfaction, Quality of Experience (QoE), and Quality of
Service (QoS).

In addition to improve the signal quality for a better
spectral efficiency, energy efficiency, and high throughput on
the downlink of massive MIMO systems, the user satisfaction
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and QoE are significant [8]. The QoE indicates the satisfaction
of user for the network service using Mean Opinion Score
(MOS). The QoS can be reflected by many service parameters
such as bandwidth, packet loss rate, and throughput caused by
multipath fading [9]. The QoS is also a factor that has an effect
on users” QoE [10-12]. As shown in [13], the authors have
improved the spectral efficiency to improve QoS constraint
using the Effective Capacity (EC) theory where the EC is the
correlation between transmission rate and QoS constraints.
Also, in [14], the authors have proposed a method to improve
QoE for the Video and web browser services based on
beamforming design for heterogeneous massive MIMO
networks systems.

Therefore, this paper proposes a QoE-based precoding for
partially massive MIMO. We optimize both digital and analog
techniques. The baseband and RF precoding on the maximum
power constants limit and optimize the QoS parameters to
achieve the best QoE based on Mean Opinion Score (MOS).
The proposed concept is suitable for the web browsing service
and to allocate the 5th generation of communication
technology resources. The remainder of this paper is
organized as follows. Section II shows the system model for
massive MIMO, data rate, energy efficiency, spectral
efficiency, and web browsing model. Then, Section III
discusses the problem formulation for baseband and RF
precoding by altemating the minimization of partially
structure in order to have a better QoE. Afterwards, Section
IV presents simulation results and discussion. Finally, the
conclusion of this paper is shown in Section V.

. SysTEMMODEL

A. Massive MIMO Model

For massive MIMO system, we consider the downlink of
the partially structure as shown in Figure 1. We assume that
the transmitter has known the channel state information (CSI),
where Ny s transmitting antenna, Ny is receiving antenna,
N is the number of RF chains, and K is the number of users.
The partially-connected RF chain is connected with Ny,
where Ny is EN;Z- The received signal model of user can be

expressed as follows
Vi = HpFreFapys +ny, k=12..K (1)
where s € 0 is transmitter vector, Fpp € CVRF¥K i
digital baseband precoding, Fgg € CV"¥R# s RF precoding

and ny, is additive white Gaussian noise. Also, we assume

. NRXNT, .
variance of a2 =1, and H, € C° " " is the channel matrix.

The channel of massive MIMO model is expressed as [2].
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A
Hy = ]’Z Z e @R (0,0,,) ﬂT('gz:racr)He K,
c=0 r=1
@)

NTNgEg . . 5
where y =  |——% i the normalization factor, N; is
Ncley

the amount of clusters, Ny, is the amount of rays in each
cluster, and E;, is the path loss between transmitter and user.
The azimuth and elevation angles of departure (AoDs) and
artival (AoAs) is 0, and ¥, Then, the data rate of the user is

Ry = BWlog, (14 SINR,), @)

where BW is bandwidth and SINRj is the Signal to
Interference plus Noise Ratio expressed by [3]

H
SINR, = HkFRpFBB,kFgB,kFgFHk @
k= 7] 3
Z,K:I HyFy Feg; FgB,ngFHk +o?
Analog Precoder
Digital Precoder

Baseband H i

Nee 2 .
Precoding 3

Fig, 1. Partially structure in hybrid Precoding.
B. Energy Efficiency and Spectral Efficiency Model

The energy efficiency refers to the indicator of energy
savings of massive MIMO systems for partially structure that
is the value of data rate per total power consumption.

The spectral efficiency refers to the measure of the
transmission rate performance formulated as

KR
EE= Bt .8
NpPpy+tNpPpstNpr(Pre+Ppac)tF ss
- R
sE=k, ®)

where EE is the Energy Efficiency with respect to the total
power consumption of partially structure shown in [15]. Also
Py, is a power amplifier, Ppg is a power phase shifter, Py is
the power of RE chains, Py is a power digital to analog
converter and Ppy is the power of baseband processor.

C. Web Browsing Model

The QoS is the allocation of network resources based on
the transmission model. The QoS parameters can be indicated
by many parameters such as loss, bandwidth, delay, and jitter.
For web browser service, the bandwidth is a concerning aspect
for improving the signal quality for designed data rate to suit

the needs of users. However, the best level of QoS according
to the user satisfaction is still questionable. Alteratively, the
QoF is interesting as it can measure the user satisfaction or the
quality of experience in network service. Also, it is the
indicator of whether the improvement of signal quality in the
transmission of communication data meets user needs or not.
To measure the user satisfaction using QoE, we use the MOS
torank 5 levels as: 5=Excellent, 4 =Best, 3 =Good, 2 =Fair,
and 1 = Poor. The MOS on the web browsing service can be
expressed as follows.

MOS,yep = Kyln () +K; )
FSy
where K; and K, are the constant of the web service and
FS is the web page size.

II.  PROPOSED QOE-BASED PRECODING

A. Baseband and RF Precoding
For hybrid precoding, we optimize both digital/analog
precoding by minimizing the Fuclidean distance method
between Fpp and Fpp which can be written as
minimize|[F, . — FgeF
Frr Fan “ opt — *RF BB“F
Pclge (8)
< ZtORE
Fgp < =

st

where Fy; € oK s fully digital precoding, P is
maximum power constants, Fg Is block diagonal matrix A
when f;is My q complex is expressed as
Nrrp
fi w0
0 v fugr
From (8), the Fy can be obtained from the singular value
decomposition (SVD) method with the channel of massive
MIMO. By alternating minimization, we fix Fpy values to find
Fgg values on the maximum power constant limitation in
order to obtain the optimum data rate for improving the
efficiency and user satisfaction. And a non convex quadratic

constraint quadratic program or QCQP can be expressed as
follows.

Frp = &)

minimize Tr(QZ

inimjze Tr(QZ)
PeNprp

st Tr(GZ) = o

Tr(G,Z) = 1
Z=0,Rank (Z) =1, (10)
Ty, 0 0,1 0

And GI:[noi 0],02:[*61 0],

<

Q =
—fgm(; fgplfupt

1 =KNpp+ | complex hermitian matrices, z = [vec(Fpp) £]7,
L= zif, ¢ =Ty ® Fgp. fop = vec(Fopy) and t2=1.

As shown in(10), the problem is that Rank (Z) = 1 which
is not easy to achieve. So, we will use the semidefinite
program (SDP) method is convex which can be rewritten as
follows [2].
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minimjze Tr(QZ) TABLEL  VALUES SIMULATION PARAMETERS
ZeR
* o Parameters Values Parameters Values
c'RF

st Tr(GZ) = Ny B 100 iz Ny 0
Tr(G,Z) =1 Ny 100 Poy 30 mW
Z=0. (1) Ny 64 Prg 10 mW
To optimize the baseband and RF precoding by the E il Per il
alternating minimization, Algorithm 1 is used as follows. N, 1 Py 10 mW
Algorithm 1: Optimize baseband and RF precoding based Mo 3 Poac sl

altermnating minimization algorithm Ny 5 B, 1w

Input: F; ¢
1. Random phase of F}glp) =l
2. Repeat

3.6ixFY). to find Y5 by (11)
4. fix Fég , to find the new F}(‘g
5. until the stopping criterion

B. QoE-Base Precoding

As we know the relationship between QoS and QoE, thus
we can find the best QoE. We can use the SINR to obtain the
optimized QoS then use the MOS equation, so that we know
the level of user satisfaction and QoE which are formulated

as
imize K,I (R")+k
maximize I ===
Frr.FBB y FSy :
) HkFRFFBB.kFé”B,kFﬁIFHf -~
St = k,
L, HiFreFap jFEp FREHE +02 y
HkFRFFEB,kFgIE,kFI‘:IFHf -l
= K,
Z}il HkFRFFBB,j Flng,j FEFHE-I-O'Z o
(12)

For the proposed optimizing QoE-based precoding in
(12), the Algorithm 2 using CVX tool of MATLAB software
for disciplined convex programming is shown as follows.

Algorithm 2: Optimize QoE-based precoding

Input: Fgp, Fgp
1. Optimize the SINR' equation (4) by CVX, 7= 1
cvx_begin
variables SINR' from (4)
maximize Ry, from (3)
subject to
SINR' = SINR i

SINR" < SINR g
ovx_end // the stopping criterion
2. SINR new = SINR!
3. Use the new SINR value into (3)
4. Substitute (3) into the MOS equation in (7)
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IV.  SIMULATION RESULTS

For simulation result of the Hybrid Precoding, we
present the partially structure compared with fully structure
that considers with the number of RF chains and the number
of users according to Table L.

For the MOS web browsing, we assume that SEy;,,, is 7
bps/Hz, SEyy, 1s 2 bps/Hz, K is 7.352 and K, is -1.691. The
sizes of web page are 18, 30, 50, 100, 200, 320, 400, 500,
650, and 1000 Kbyte [8].

—&— Spectral Efficiency fully-connected

I
9 =& spectral efficiency parllally-connectndl

@~ o=

S

Spectral Efficiency (bps/Hz)
o

6 T ] 9 10
The Number of RF chains

-

o

Fig. 2. Spectral efficiency of the fully and partially structures

From Figure 2, the spectral efficiency versus a mmber of
RF chains are shown. The result indicates that the spectral
efficiency of both partially structure and fully structure
increases with the increase of the number of RF chains.
However, the spectral efficiency of fully structure
overperforms the partially structure.
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Fig. 3. Energy efficiency of the fully and partially structures
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Fig 4. Average MOS of the fully and partially structures (a) before optimizing web browsing (b) after optimizing web browsing

Figure 3 shows the energy efficiency versus a number of
RF chains. The result indicates that the energy efficiency for
both partially structure and fully structure decreases with an
increase of the number of RF chains. In addition for the energy
efficiency, the partially structure outperforms fully structure.
Therefore, if we consider the energy savings and low-complex
hardware, partially structure would be more appropriate than
fully structure.

Also, Figures 4(a) and 4(b) show the average of MOS
browsing with respect to a number of users. We can see that
the average MOS for web browsing of partially and fully
structures decrease as the number of users increases.
Furthermore, Figure 4(b) indicates that after SINR optimizing
process the obtained higher SINR cause the data rate value to
be increased. Then, the best QoS is achieved in terms of
average MOS, the partially structure is very similar to fully
structure. Also, the percentage of partially connected and fully
structure are 55.24% and 11.67% respectively. Aswe can see,
the average MOS percentage of partially structure is much

higher.
V. CONCLUSION

In this paper, we have proposed the hybrid precoding ina
partially structure with optimizing QoS parameters for the best
QoE level. This has shown that ,in terms of energy efficiency,
the partially structure-outperforms the fully structure. Also,
after optimizing both partially and fully structures, MOSs are
at similar level. Furthermore, the fully structure provides the
best performance in terms of spectral efficiency. However, if
we require a system of low-cost, energy efficiency, and low-
complex hardware, the partially structure is suitably
considered.
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Abstract: Precoding is a beamforming technique that supports multi-stream
transmission in which the RF chain plays a significant role as a digital pre-
coding at the receiver for wireless communication. The traditional precoding
contains only digital signal processing and each antenna connects to each RF
chain, which provides high transmission efficiency but high cost and hardware
complexity. Hybrid precoding 1§ one of the most popular massive multiple
input multiple output (MIMQ) techniques that can save costs and avoid using
complex hardware, At present, network services are currently in focus with a
wide range of traffic volumes. In terms of the Quality of Service (QoS), it is
critical that service providers pay a lot of attention to this parameter and its
relationship to Quality of Experience (QoE) which is the measurement of the
overall level of user satisfaction. Therefore, this paper proposes hybrid pre-
coding of a partially structured system to improve transmission efficiency and
allocate resources to provide network services to users for increasing the user
satisfaction under power constraints that optimize the quality of baseband
precoding and radio frequency (RF) precoding by minimizing alternating
algorithms. We focus on the web browsing, video, and Voice over [P (VOIP)
services. Also, 2 Mean Opinion Score (MOS) is employed to measure the
level of user satisfaction. The results show that the partially structured system
provides a good user satisfaction with the network’s services. The partially
structured system provides high energy efficiency up to 85%. Considering web
service, the partially structured system for 10 users provides MOS at 3.21 which
is higher than 1.75 of fully structured system.

Keywords: Massive MIMO; quality of experience (QoE); mean opinion
score (MOS); quality of service (QoS); hybrid precoding; partially
structured system

1 Introduction

MIMO is a communications technology that has been used since 4G. The basic principle of
MIMO is the use of more than one antenna to transmit and receive data. This technique is able
to support the use of mobile phones in larger quantities. However, a 5G system involves higher
data density to support user requirements compared to the 4G system. This introduces the need of

This work is licensed under a Creative Commons Attribution 4.0 International License,
which permits unrestricted use, distribution, and reproduction in any medium, provided
the original work is properly cited.
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using more than 100 antennas to transmit and receive data, so called massive MIMO system and
multi-directional beamforming. It can alter the magnitude and phase for signal control, allowing
the antenna to focus on each user. Another outstanding wireless technology in massive MIMO
is millimeter wave (mmWave), which operates in a frequency range of 30-300 GHz and allows
high-speed data transmission. The conventional precoding technologies use many RF chains in
only digital precoding, resulting in a loss of power consumption and consequent costs at the Base
Stations (BS) [1]. Many researchers have focused on hybrid precoding, which is a combination of
digital and analog systems that reduce the number of RF chains without sacrificing the efficiency
of transmission [2,}]. For Orthogonal Frequency-Division Multiplexing (OFDM) technique in
massive MIMO wireless communications, each subcarrier is modulated at a low symbol rate
reducing multipath fading, high Signal to Noise Ratio (SNR). This can climinate Inter Symbol
Interference (ISI) [4-0].

The hybrid precoding has two structures: fully and partially structured systems. The fully
structured system has a higher spectral efficiency than the partially structured system [7,8]. This
is because there is more than one RF chain connected to the same antenna while more phase
shifters and circuits are needed to be added in analog precoding causing an increase in power
consumption and hardware complexity. However, for the partially structured system in the RF
chain, the signal travels through fewer phase shifters, resulting in lower spectral efficiency but
higher energy efficiency [9-11]. The work presented in [12] has demonstrated that the partially
structured system in terms of spectral efficiency outperforms analog beamforming, particularly
when the signal-to-noise ratio (SNR) value is high. For the partially structured system, the
authors of [13] have proposed an alternative minimization method to optimize energy efficiency
of baseband/RF precoding leading to the partially structured system of hybrid precoding which
provides better energy efficiency than both fully and partially structured systems of Orthogonal
Matching Pursuit-Sparse Precoding & Combining (OMP) algorithm [14], The OMP algorithm can
find the optimal array response vector, but there are some limitations of signal distribution and
sparsity constraints in analog precoding.

The goal of 5G wireless communication is to provide high throughput for long-distance
transmission while improving QoS performance. The QoS is the management bandwidth or
network channel management to optimize the performance of an audio, video, and network
quality service, where parameters such as packet loss, jitter, and delay are considered. To improve
transmission quality for high QoS [15], beamforming technology has been proposed to Small Cell
Access (SCA) in terms of dynamic and static under power constraint with the results indicating
higher energy efficiency and data rate than the zero-forcing (ZF) method, This is because ZF has
space constraints in the analog front-end and power consumption [16]. Consequently, QoS is an
important parameter for operators to understand users in order to manage the service quality and
efficiency to meet the user requirements.

The QoE is a customer-oriented service which is an important factor in user satisfaction or
experience. When a consumer is dissatisfied with a network’s service, the QoS has to be improved.
Sometimes, even if the QoS value is high, the users may not be satisfied at the time since the
area is dense with many users. So, in the relationship of both parameters to optimize the network
service, we must evaluate several factors related to both QoE and QoS. For assessing QoE in the
subjective part, a Mean Opinion Score (MOS) can be used to express the level of user satisfaction.
In general, MOS ranks from 1 to 5 levels as 5 is excellent and 1 is poor [17]. Currently as
mobile Internet services are rapidly growing, QoE services such as web browsers on chrome,
online games, YouTube, and voice conference may pose subsequent problems. Therefore, a method
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for improving the network must be presented to meet the needs of users [18,19]. In [20], the
authors have presented an improvement in QoE quality in terms of Voice over Internet Protocol
(VoIP) services with software-defined networking (SDN) by forwarding data path control and
improved coders/decoders (CODECS) performance of VoIP service. The QoE user satisfaction
is also predicted using an Artificial Neural Network (ANN) and resource blocks (RBs) with
Particle Genetic (PGA) [21.27] to allocate QoS and data precision. As a result, the average QoE
satisfaction for each service can be increased. To increase user satisfaction with respect to QoE,
techniques presented in [23] employ OFDMA to support low data rates of multiple users (Multiple
Access) and use Radio Resource Allocation (RRA) for downlink to ensure fairness to users and
optimum user satisfaction. In addition, the authors in [24] have used heterogeneous network
techniques which combine a variety of wireless communication nodes, such as Macro Cell, Small
Cell, DAS, and Wireless LAN as well as the [15] to allocate QoS network resources. As a result,
when user satisfaction increases with the increase of the SCA, it may be costly because the SCA
uses higher computational power than 50% of total power at the BS [23].

The partially structured system is getting much attention both in implementation and $im-
ulation as mentioned above. However, although the partially structured system can simplify the
system and achieve high energy efficiency, the partially structured system has not been measured
whether it is efficient enough to meet the user needs. From the work presented in [24], although
the heterogeneous technique is used to optimize user satisfaction, its increased cost and energy
constraints also optimize user satisfaction.

In this papet. we propose a partially structured system of hybrid precoding in Massive
MIMO-OFDM because it is flexible for designing, low complexity, and provides a bandwidth effi-
ciency to achieve high bitrates. Also, we consider an improvement in the quality of user experience
and network resource allocation to suit users. There are three services on focus: web browsing,
video, and VOIP [20,23,24]. This paper concerns only three services including web browsing,
video, and VOIP [20,23,24]. The reason is that three services are expected to be the most popular
baseline services over 5G networks with fast connections and high-bandwidth connections [24].
The followings are the contributions of this work:

)

o Improvement in baseband and RF precoding under power constraints, and the appropriate
number of RF chains to reduce power consumption on the massive MIMO-OFDM system
i downlink.

o Improvement in the quality of experience for all three services to achieve user satisfaction
and cost-effective use of network resources.

o Comparison in partially structured system to indicate that hybrid precoding provides higher
energy efficiency and user satisfaction than OMP algorithm.

The rest of this paper is organized as follows. In Section 2, the system model involving
the hybrid precoding and service model are discussed. Then, Section 3 shows the optimization
of partially structured precoding. Section 4 presents the optimization of QOE-based precoding
followed by the simulation results discussed in Section 5. Finally, Section 6 concludes the paper.

2 System Model
2.1 Hybrid System Model

The hybrid precoding is a massive MIMO-OFDM system technique. As seen in Fig. I, it
has two structures: fully and partially structured systems. For energy efficiency and reduction of
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hardware complexity, we recommend that the partially structured system is suitable for massive
MIMO systems.

/““'“ﬂ;"’“"“g\
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o
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o
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Newp =
Ner

Fully structured system Partially structured system

Figure 1: The hybrid precoding of massive MIMO a) Fully structured system b) Partially struc-
tured system

We focus on the massive MIMO system’s downlink where N; is the number of transmitting
antennas, N, is the number of recciving antennas and Ngg is the number of RF chains. The
N = Ni/Ngp 18 connected to the partially structured system in one RF chain. In the system,
there is a digital baseband precoding Fzg € CVF*F where K is the number of mobile users
and the RF precoding Frr € CV V& is block diagonal matrix Frp = diaglfi,..fi,.../xr} where
fi = (Ni/Ngr) % | complex. For the problem of the non-convex [6,!2] to solve the use of the
decoupling program between transmitting and receiving, the received signal can be written as [13]

Vi =HFrpFppps+ne, k=1.23,....K (1

where y, € C%, Hy e CV the channel matrix associated with Channel State Information (CSI)
between the BS and K mobile users, s € C¥*! is vector of transmitting and my is additive white
Gaussian noise, 1.e., assuming without the loss of generality and 01_3 = 1. The channel matrix of
massive MIMO-OFDM is

Ny Nay
N N} I3 _f2mer
Al E Zacrﬂrwﬂﬁcr}]{e N y 2

=0 r=l

Hy= | =
A'u'Nm_r

where Ny, is the amount of rays in each cluster between the BS and K mobile users, Ny is the
amount of clusters between the BS and K mobile users. py is the path loss between the BS and
K mobile users e, 15 the complex gain of rth ray in the cth propagation cluster and 6., 7, are
the azimuth (elevation) angles of departure and angles of arrival (AoDs/AoAs). We decompose
H; = UYV7 by Singular value decomposition (SVD) where U and V are complex orthogonal
matrix, ¥ is a diagonal matrix and a subscript H is a conjugate transpose. The data rate can be
expressed as

K
Re=BW ) log(1+SINRy). &)
k=1
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where BW is bandwidth and SINR;, is the Signal to Interference plus Noise Ratio, which can be
written as

HiFpFppy P PHHE

SINRy=—— 15k . @)
Azl ;HAFRFFBB,,FEB JF;f{FHf +a}
Sia

2.2 Energy Efficiency

Spectral efficiency is a measurement of the data transmission performance which can be
achieved over a given BW. Even theoretically, the spectral efficiency of fully structured system is
also higher. However, in large MIMO systems, energy consumption is also an important indicator.
It can consider the relationship between the data rate and the total power consumption, also
known as energy efficiency can be expressed as

Ry

EE= = !
Ppg+ Npr(Prr + Ppac) + NePpy +NePps

(5)

where the total power consumption of the partially structured system shown in [26]. The Ppp is
the power for the baseband precoding, Pgr is the power of RF chains, Ppyc is the power digital
to analog converter, Ppy is the power of power amplifier and Ppyg is the power of a phase shifter.
In the power parameters, we assume as follows: Pgg =5 mW, Prp =230 mW, Ppyc =200 mW,
Ppy= 20 mW, Pps= 30 mW.

2.3 Service QoFE Model

The QoE is a tool for measuring the overall level of user satisfaction or quality of experience
with a communication network service. This can indicate that the quality of transmission signals
is good or should be improved by assessing the satisfaction of each user. If communication is
hampered during the now playing service, the network fails. When QoE is used to measure the
level of satisfaction, the user may experience the good level of satisfaction without the utilization
of high bandwidth or throughput. The QoE is regarded as a user-oriented service in which
the QoS parameters are directly/indirectly contributed to their mmpact QoS which is a network-
oriented performance parameter about hardware-software and in the physical layer ie., SINR,
PLR and delays.

In this work, we also present the QoE for three services: web browsing, video H.242, and
VOIP. The MOS as shown in Tab, 1 is employed.

Table 1: The MOS score with user satisfaction
MOS User satisfaction

Excellent
Best
Good
Fair
Poor

— b2 w2 B
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2.3.1 Web Browsing Service

The QoE for web browsing is essential to measure user satisfaction since most people use the
Internet as an indispensable part of their everyday lives, as a result, web surfing QoE can assist
service providers in determining whether network circumstances are influencing user satisfaction.
The MOS of web browsing service can be expressed as [23,24]

MGSu'rb = _Kl In(d(vab)) A K2- (6)

where MOS,) is the satisfaction level of user, as shown in Tab | where K| and K are constant
correlated with MOS,.p n order to have a score of | to 5 and d(R,.s) have a correlation with
web-related factors like the round trip time (RTT), the web page size (FS), the data rate (Ry), the
maximum segment size (MSS) by TCP and HTTP are protocols that is used by d(R,) equation
as follows [24]

IMSS(2E - 1)

FS MSS
( : )
k

d(Ryep) =3RTT + — +L| — +RTT) s
Ry Ry

where L =min[L;,L;] is the parameter of the number of slow start cycles with idle periods, where

the parameter of L; and Ly are the number of cycles which are taken for the congestion window

to reach the bandwidth-delay product (BDP) and the number of slow start cycles required until

the entire web page size is transferred, respectively. They are defined as [24]

1 RyRIT

Ly =lag (3 - ;MT) (8)
1 £S

L= lOg: (5 o m) . (9)

In [24] and [27), the RTT in 5G is negligible and we only consider a few user experiences.
Therefore, the use of Eq. (6) in web browsing service can be rewritten as

Ry
MO, =K\ In (F—g) +K2. (10)

2.3.2 Video Service

The use of video streaming of H.264/AVC video codec 1s a highly efficient codec that provides
high-quality images and a minimum bandwidth for the recording and distribution of full HD
video and audio. The video codec H.264/AVC uses the estimation of Peak Signal-to-Noise Ratio
(PSNR) which is a quality measurement as shown in Eq (11) [28,29]

PSNR:m%n\/E(li), (11)
p Ry

The parameter m, n and p are characterized as a specific video stream [28]. The relationship
between PSNR and MOS of video can be expressed as follows [24]

MOS0 = dlog(PSNR) +e, (12)
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The parameters o and e are constant correlated with MOS,;y,, in order to have a score of 1
to 5 with following conditions in the video MOS values

I; PSNR;. < PSNR
MOS,ideo(PSNRy) = | dlog(PSNR)+¢; PSNR) < PSNRy < PSNRy s (13)
45 PSNR; > PSNRy s

In the design of video streaming, PSNR45=42 dB is Excellent and PSNR; =30 dB is Poor,
which are calculated from the coding chrominance component [2Y].

2.3.3 VolP Browsing Service

VoIP employs the AMR-WB audio codec, which provides high-quality speech for HD VoIP
as well as real-time multi-channel implementation. The model of AMR-WB implicates R-factor
defined as follows [20,30-32]

Rﬁwmr =R, —I;—I;— lt'ﬁf . Aj~ (14)

where R, is the basic signal to noise ratio, [ is the sum of all impairments which might
simultaneously happen less or more with the voice transmission and this factor is set=10, I is the
delay impairment factor showing all impairments due to voice signal delay, 4; is the advantage
factor, I,y is the effective equipment impairment factor, by I is the equipment impairment factor
at zero packet-loss, By is the packet-loss robustness factor and Py is the packet loss rate.

Py
Ly=L+(129-L)x|[—2—]. 1
% s )X(P,';FXB;Ji) (13)

The VOIP of MOS model relates to Ry, a8 the WB audio codec in ITU-T G.107.1. This
has a maximum value of R, =129 by R, = Rjyer/1.29 [11,32]. The MOS of VOIP service can
be written as follows

MOSyo1p=1+0035R + R(R=60)(100~ R)(7 x 10°5). (16)

where R has the score criteria as shown in Tab, 2. summarizes the MOS score of VOIP on the
scale | to 5 can be obtained as follows

1: R<(
MOSyop(Ry=4 1+ 0.035R+ R(R - 60)(100— R)(Tx 107°); 0 <R <100 (17
4.5; R > 100

Table 2: The MOS score of VOIP [31,37]

MOS User satisfaction R
4350 Excellent 90-100
4.0-4.3 Best 80-90
3.64.0 Good 70-80
3.1-3.6 Fair 60-70
2.6-3.1 Poor 30-60

1-2.6 Bad Less than 50
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3 Optimization of a Partially Structured Precoding

For the partially structured system, we focus on the optimized fully digital precoding matrix
Fypr and the precoding of digital/analog by minimizing the euclidean distance method between
FreFpp and Foy expressed as [13,33]

minimize ||F oy — FprFpgl|F
FreFep

Freediaglfy,... [ -frr

subject to
J I\FreFgsll% < Pe.

(13)
where P, is a maximum power constant, We use alternating minimization method to optimize Frp
and Fpgp, that alternate minimizing using a straightforward method for solving the minimal value
of a function involving two more variables. The parameters Fpp and Fpp as shown in Eq. (18)
can be used to optimize the spectral efficiency and energy efficiency based on power constraints

3.1 Analog Precoding

The analog precoding is the part that amplifies the downlink signal and controls the transmit
power. The phase of the signal is only changed by the Frr precoding matrix, there is a power
constraints and structure of FppFpp Eq. (18), we can find the Fpp by multiplying the row of
Fgp, so the Fgp constraint can be rewritten as

N
\1FreF gl < ~—IIF gall < Pe. (19)
JVRF
Thus, the alternating minimizing of closed-form solution for Fpr analog precoding
expressed as

minimize ||Fyp — FreFpsllp
FRFE(-.’\', xNpF

subject to Frp diaglfy....fr... .frr), (20)
Furthermore, the column property of Fgr in Eq. (19) can be rewriting as
minimize ||Fyp — FrrFppl|r
FRFECA\,X.\RF (2”
Phﬂ-“’(Fapt]=,’Jhaﬂ’(FRFFBB)»

phase(F ) is the operation to achieve each Fyy, matrix element phase and Fgr property, hence

phase(F pr ) = phase (F opi(i) F B H) :

(22)

I<i<N, f’=[‘NRF]

IT‘,




68

CMC, 2022, vol.71, no.1 1895

3.2 Digital Precoding

In the digital baseband, the downlink signal and transmitted power can be controlled using
the signal processing part in the precoding. To optimize the digital precoding, the value of Fpr
is fixed to solve the solution of baseband and the value of Fpp is set to the maximum power
constant, Then, the Eq. (18) can be written as

minimize ||Fop — F rrFpallr
FpgeCVrieK

NRFPK‘

subject to ||Fpal|% < (23)

From [13] and Eq. (23), the problem is a nonconvex quadratically constrained quadratic
program (QCQP). Let z = [vec(Fgp)i|", Z = 22, ¢ = Ix @ F gp.fopr = vec(Fop), 1* =1, where G,
G> and Q are symmetric matrices

Liq 0 oy O cfe =cHfp
Gi=|" « Gr=|™ Jo8l-. ot |
: [ 0 0] : [ 0 1] ¢ [—J,jj; Fofop
n=KNpr+1 complex Hermitian matrices expressed as mi?irlxgizc T (QZ)
cRn

Nre P,
TG Z) < —o—*
; ]
subject 10 1 73, 2) =1 } (24)
Z=0, Rank(Z)=1,
As shown in Eq. (24), the problem is that Rank (Z) = lwhich is not easy to achieve. So, we
will use the semidefinite program (SDP) method as follows

minimize 7r(QZ)
ZeRt
P.
(G Z) < %
subject to THGyZ) = 1 1 (25)
Z =

Algorithm 1 is to optimize the partially structured precoding as the Alternating Minimization

')

Algorithm of analog precoding on Eq. (?0) and digital precoding on Eq. (23).
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Algorithm 1: Optimize the Partially Structured Precoding as the Alternating Minimization Algo-
rithm of Analog Precoding and Digital Precoding.

Input: Fyp;

N ._
1. Random phase of F., i=0
2. Repeat

3, fixFY, to find Fi by Eq. (25)

4, fix Fng to 'ﬁm.i the new F;?I,-
5, until the criterion stops

4 Optimize QOE-Based Precoding

This section optimizes the QoS parameters to high the spectral efficiency of all three services.
To optimize the MOS of service, the MOS minimum threshold based on Eqs. (10), (12) and (16).
which in optimizing as we know that QoS are related to QoE, we will consider SINR by defining
the minimum SIV Ry, as a constant with alternating maximize methods for user satisfaction,
which can be written as follows

minimize MOS;

FreFpp
H*F"FFEH\AFgB ’.\,Fﬁ‘,‘.Hf
kX h: H gl 2 Z SINRmi"
. Y Y HiF peFupiFyg FopHy +a
subject to | A=l (26)
K K
Y Y FreFppp; <P,
k=1 j#k

where MOS; represents all three services: web browsing, video and VOIP. The purpose of this
paper is to achieve a high data rate using an alternating maximized method. In the part of
optimizing SINR for user satisfaction. the baseband precoding and RF precoding FrrFppy are
considered while remaining the maximum power constraint of systems P.. We optimize the user
satisfaction for all three services as shown in Algorithm 2

Algorithm 2: Optimized QoE-Based Precoding

l]lpllt: Frp,Fpp

1. Optimize the SINR' Eq. (4], i=1

2. Repeat

3. Find maximize R} from Eq. (3) under in Eq. (26)

4. until the criterion stops

5. SINR_new = SINR', use the new SINR value into Eq. (3)

6. Substitute Eq. (3) into the MOSy. equation in Eqs. (10), (12) and (16).

5 Simulation Results

In this section, the proposed system with partial structure of hybrid precoding for the
downlink in the massive MIMO-OFDM system is discussed. We present numerical simulations
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which have parameters as shown in Tab. 3. In this massive MIMO-OFDM system, we consider
64 sub-channels. In terms of energy efficiency compared to the number of RF chains, the spectral
efficiency is compared with SNR. To analyze three services, we compare the partially structured
system of hybrid precoding and the fully-structured system of OMP precoding, which are referred
to the method presented in [14].

From Fig. 2, we consider the energy efficiency vs. the number of RF chains in massive MIMO
systems, When comparing the hybrid precoding’s energy efficiency, it can be seen that the partially
structured system provides higher energy efficiency than a fully structured system. Also, when the
RF chains are less, the systems can save more energy. The energy efficiency of fully and partially
structured systems decreases with an increase in the number of RF chains in which the partially
structured system provides a higher percentage up to 85% compared to fully structured system
with an average number of 16 RF chains.

Table 3: Numerical simulation parameters

parameter value
Transmitting antennas 144
Receiving antennas 36
Amount of rays in each cluster 10
Amount of clusters 5
Number of RF chains 4
path loss 3.5
Maximum power constant 33 dBm
Bandwidth 300 kHz
Frequency 28 GHz
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Figure 2: Energy efficiency in massive MIMO systems versus the number of RF chains for hybrid
precoding in fully and partially structured systems
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Fig. 3 shows the partially structured system based on different number of transmitted anten-
nas with the spectral efficiency, when comparing the number of transmitted antennas as follows:
N;=32:N, =32, Ny=064: N, =64 and N, =144 : N, = 36. Usually, the following numbers of
antennas are commonly used for the massive MIMO in BS for Nokia, Ericsson [34]: N, =32
and N,=64. As seen in Fig. 1, the system performance for all three cases increases for N, =32,
N; =64 and N; =144 in which the spectral efficiency increases when the SNR value and the
number of antennas increases. Also, N, = I44results in the system becoming high resistance to
noise interference. The spectral efficiency of N, =144 provides higher efficiency than N, =32 and
N; =64 with a percentage of 64.19% and 51.84% respectively, compared to the average of SNR
from —20 to 10 dB.

5.1 Web Browsing Service

For the parameters for web browsing service shown in Eq. (Y), we assume the number of
users K =10 and the web page size of the website according to [23]. The web page size most
accessible by users are F'S = 18, 30, 50, 100, 200, 320, 400, 500, 650, and 1000 Kbyte. We consider
the minimum spectral efficiency and maximum spectral efficiency are 2 bps/Hz and 7 bps/Hz
respectively. So, we use parameters of Kj= 3.1929 and K> = 29.9216. The average web page size
is F§S= 320 Kbyte.

£

o
&

Spectral Efficiency (bps/Hz)
T T T
a @™ a o &

o

5
SNR (dB)

Figure 3: Spectral efficiency versus received SNR in massive MIMO systems for three different
number of transmitted antennas N, =32, N,=64 and N, =144

Fig. 4 shows the MOS of web browsing service with respect to the number of users. In this
figure, we compare the partially structured system of hybrid precoding with the fully structured
system of OMP precoding in massive MIMO systems. The partially structured system provides a
higher MOS web than the fully structured system. Also, the size of the web page grows greater,
the level of MOS decreases. This means that, for the number of users is [0 with a web page size
of 1000 Kbyte, a larger data rate is necessary due to the lowest satisfaction. However, the partially
structured system with the number of 10 still regards the MOS for web = 3.21 and MOS web of
OMP precoding = 1.75. The OMP algorithm of fully structured system can find an optimal array
vector. Where the space constraints of analog precoding at a low RF chain affects low spectrum.
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As a result, the MOS of user satisfaction 1s less compared to hybrid precoding of the partially
structured system which processes both digital and analog precoding at RF chain = 4,

5 T T T T T T
|—=—Partially hybrid precoding|
45 lIfuilﬂruetumd‘. OMP precoding
4
n3s
2
w3
H
25
2
15

1 - L M N L " L
1 2 3 4 5 6 7 8 9 10
Users.

Figure 4: MOS Web versus the number of users for the partially structured system of hybrid
precoding and the fully structured system of OMP precoding

5.2 Video Service

In terms of video service for parameters concerned in Eqs. (11) and (12), we assume the
parameters m, n, and p which are 9.45, 5.24 and 0.23 respectively. For the parameters d =27.37
and e = —39.43 from the H.264/AVC video codec standard with maximum PSNR =42 dB and
minimum PSNR =30 dB.

According to Fig. 5 shows the MOS of video service with respect to the number of users. It
obviously can be seen that the partially structured system of hybrid precoding provides a higher
satisfaction MOS video than the fully structured system of OMP precoding. We aim to give a high
data rate without approaching the fairness techniques for each user. Note that the level of MOS
video shown in Fig. 5 is not equal for all users because the bitrate is changed by the randomness
of interference and nonlinear element. As a result, the graph is a variation of MOS at 10 users.

5.3 VOIP Service

For the part of simulation for VOIP service, the E-model at 100 ms in Eq. (14) follows ITU-T
G.107.1 and ITU-T G113, We set Ay =0, I;=4.2552 ms, By =16.1 and I, =11. The parameters
involved in finding the packet loss rate as the bytes and RTT =20 ms.

Fig. 6 illustrates the MOS VOIP with respect to the number of users compared with the fully
structured system of OMP precoding in massive MIMO systems, The results are similar to the
video service in which the partially structured system of hybrid precoding provides better user
satisfaction than the fully-structured of OMP precoding. However, MOS Video shown in Fig. 5
provides higher user satisfaction than MOS VOIP because VOIP requires a higher data rate.
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Figure 5: MOS Video with the number of users for partially structured system of hybrid precoding
and the fully structured system of OMP precoding
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Figure 6: MOS VOIP with the number of users for the partially structured system of hybrid
precoding and the fully structured system of OMP precoding

6 Conclusion

This paper has proposed the hybrid precoding of a massive MIMO-OFDM system for the
partially structured system. The optimized solution of a partially structured system under power
constraints can achieve a high data rate for user satisfaction, when considering three services on
the web browsing, video, and Voice over IP (VOIP) services. The simulation results have shown
that increasing the number of transmitted antennas can reduce signal interference, resulting in
high spectral efficiency which leads to better QoE for user satisfaction. Moreover, the partially
structured system provides higher user satisfaction than OMP precoding for the fully structured
system. Also, the partially structured system still provides energy efficiency up to 85% and reduces
complexity in a massive MIMO system.
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