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LO1 MO PAU

Trong vién thdng, mét linh vuc can duoc dau tu 16n vao ki thuat va cong
nghé tién tién thi chat luong ludn ludn 1a yéu té quyét dinh su thanh bai va rd rang
khong duoc xem nhe chat lwong dich vu. Thong thuong chat lwong dich vu trong
mang thong tin di d6ng mat dat duoc danh gia qua cac bo tham sb nhu ty 18 thiét 1ap
thanh céng, ty Ié bi roi, diém chat luong thoai, téc do tai dit lidu... Viéc do kiém,
quan ly chat luong dich vu theo hudng nhu vay la quan ly theo QoS. V& co ban,
khai niém QoS chu yéu tap trung vao mo ta cac tiéu chi khach quan, mang tinh k¥
thuat ma ha ting mang hay tng dung can phai dat dwgc dé chét lugng dich vu duoc
dam bao. QoS trong mang vién thong dugc dinh nghia cu thé qua cac tham sb k¥
thuat dugc lugng hda rd rang. Tuy nhién, hién nay céng nghé mang dang phat trién
rat nhanh, xu hudng hoi tu trén nén mang IP, do vay, QoS khéng con 1a yéu té duy
nhat mang tinh quyét dinh trong cudc canh tranh chiém linh thi truong gitra cac nha
cung cap dich vu. Theo xu huéng chung, yéu té dan tré nén quan trong hon dé phan
biét mirc d6 va danh gia cac nha cung cap dich vu la nhitng géi dich vu duoc thiét
lap tot dén muc nao theo nhu cau ca nhan cua khach hang st dung dich vy. Pay
chinh 1a tién d& dan dén khéai niém chat luong trai nghiém QoE (Quality of
Experience).

Do vay, véi muc tiéu nghién ciu, tim hiéu va nam bat nang cao chi sb vé
Q0S/QoE mang di dong, noi dung luan van tap trung “Nghién ctru phwong phap
tdi wu héa QoS/QoE mang di déng va &ng dung trién khai thuc té tai VNPT
Hung Yén”.

Noi dung luan vin dugc trinh bay gém 03 chuong:
+ Chuong 1 : Téng quan vé QoS/QoE mang di dong
+ Chuong 2 : Nghién ctru phuong phép tdi vu hoa QoS/QoE mang di dong
+ Chuong 3 : Ung dung trién khai thuc té tai VNPT Hung Yén
Trong qué trinh nghién ctu va thuc hién luan van s€ khéng tranh khoi con
nhitng thiéu s6t. Do d6 hoc vién rit mong nhan duoc nhitg déng gop quy bau tir

quy thay c6 dé luan vin duoc hoan thién hon. Hoc vién xin chan thanh cam on.



CHUONG 1 - TONG QUAN VE QoS/QoE MANG DI DONG

1.1 Chat lwong dich vu QoS
1.1.1 Pinh nghia QoS

Theo khuyén nghi ITU-T E.800 thi QoS la tap hop tat ca cac dic tinh veé
nang luc thoa man nhu cau can thiét caa mot dich vu cho ngudi st dung da duoc
nha mang cdng b vé dich vu do.

QoS trong cac mang thong tin di dong mat dat dugc xac dinh nhu 1a tap cac
nang luc cua mang cung cap dich vu cho khach hang, bao géom: Chét luong thoai
cao, muic thu tét, xac suat bi khoa thu va ty Ié roi cudc goi thap, toc do dit liéu cao
cho cac tng dung da phuong tién va truyén dir liéu.

1.1.2 Cac quan diém vé QoS

Ma tran dinh nghia QoS dua ra 4 géc nhin dé danh gia chat luong cua chuc
nang thong tin ma bat ky dich vu nao ciing phai cung cap [ITU-T G.1000]. Puoc
minh hoa trong Hinh 1.1

r ______________ IF ______________ I
1
1 Yé&u cdu QoS caa E QoS duwoc cung :
: khach hang ﬁl' cdp bé&i nha cung 1
i - cap dich vu :
I E p
i ' I
: 1 i
i QoS dwoc khach ] QoS cung cap :
1 hang cam nhan W thuc té& bé&i nha i
: i cung cap dich vu |
! |
i H _

Hinh 1.1: Bén g6c nhin cia QoS

Yéu cau QoS cua khach hang: yéu cau nay dwa ra mirc chat luong can dat
dugc caa mot dich vu nao d6. No dugc thé hién khdng phai 1a ngdn ngir ki thuat.

Khéch hang, chi biét ¢én chat luong dich vu tir dau cudi dén dau cudi ma khong



can quan tam dén dich vu d6 hoat dong thé nao, dich vu duoc thiét ké bang
phuong phap gi...

QoS duwoc cung cap béi nha cung cap dich vu: cac nha cung cap dich vy dua
ra muc chat luong dich vu dé cung cp cho khach hang va muc chét luong nay duoc
thé hién bang tap gia tri cho cac tham sé QoS. Loai QoS nay da gitip cho nha cung
cap dich vu tao ra cac ban ké hoach, cac hop dong dam bao mic dich vy

QoS cung cdp thuc té béi nha cung cdp dich vu: trong thuc té mac chat
lwong dich vu duoc cung cip dén khach hang do nhiéu yéu té din dén co thé khong
gidng nhitrng gi ma nha cung cap dich vu dua ra. Cho nén muc chat luong thuc té s&
la mot tap gia tri cho cac tham sé QoS dé sao cho gidng nhu QoS du kién

QoS dwrgc khach hang cam nhan: thé hién mirc chat lugng theo dénh gia chu
quan cta khach hang, né thudng dugc thé hién théng qua mac théa man caa khéach
hang. Pé c6 duge danh gia vé QoS nay thi phai thong qua diéu tra khach hang, tong
hop y kién caa khach hang vé muc dich vu. Can cr vao QoS nay nha cung cap dich
vu c6 thé danh gid mic d6 thoa man cua khach hang d6i véi dich vu ma minh cung
cap.

Hé thong thong tin yéu cau QoS cua khach hang duoc xay dyng gan nhu 1a
mot diém khoi dau kha logic. Nhitng yéu cau QoS cua khach hang déu dugc thu
thap mot cach doc 1ap. Chinh yéu cau nay sé 1a can ca quan trong gilp cho nha
cung cap dich vy dua ra mot mac yéu cau QoS du kién dé cung cap dich vu tét hon.
Trong thuc té nhiéu khi cac nha cung cap dich vu khong thé cung cap mac QoS ma
khach hang yéu cau vi nhiéu ly do. Cac yéu tb khién cho nha cung cap dich vy phai
tinh toan nhu: chi phi dé dap wng chit luong, duong 16i chién luoc kinh doanh, su
so sanh véi cac dich vu tuong tu ... Nhitng yéu té d6 s& anh hudng dén muac chat
lugng duoc cung cip dén khach hang. Pé khic phuc nhiing anh huong d6 cac nha
cling cap dich vu di cht trong xay dung nhiing hé théng giam sat dé xac dinh duoc
chat lugng dich vu cung cap cho khach hang. Cac bao cio dinh ky vé chat luong

thuc t& s& dugc nha cung cap thong ké lién tuc ting gio (tirng ngay,tuan,thang,



nam)... Muén quan 1y duoc chét luong dich vu 1 cach thuc té ma c6 hiéu qua cao thi
can cd sy két hop cua cac mdi quan hé

M&i quan hé giira bén quan diém vé QoS va chi tiéu chat lwong duoc minh
hoa & hinh 1.2

Ngwod ding/ Nha cung Nha cung
khich hang cap dich vu :Sp mang

Tieéu chi lién quan " muyc tiéu
mang hiéu suat
mang

Y

Tieu chi khong lié
quan den mang

L 3 i
hiéu suat
mang drg'c
do hrimg

«---- =phan hoi

*— = hoat dong va dudng di

Hinh 1.2: Méi quan hé giira cac goc nhin

Quy trinh quan 1y QoS & Hinh 1.3 dua ra cac tic vu can dugc thuc hién dé
nang cao kha ning cung cap chat luong dich vu & muc tét nhat. Quy trinh quan ly
QoS thuong anh hudng va tuong tac voi tat ca hoat dong lién quan dén qué trinh
cung cap dich vu. Quy trinh ndy doi hoi cac bién phap quan 1y huéng QoS tai mot
giai doan trong quy trinh, tir viéc xac dinh yéu cau ban dau cua khach hang cho dén
khi thoa méan yéu cau cua khach hang [3].
Mot quy trinh quan ly QoS hiéu qua can bao gém:
- Ho tro tir phia quan ly
- Yéu cau QoS
- Do kiém va giam sat QoS
- Thiét ké dich vu
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Hinh 1.3: Quy trinh quan ly QoS

Yéu cau QoS dé ra khung chi tiéu ki thuat cho thiét ké dich vu. Trong khi d6
thiét ké dich vu s& dan duoc cai thién dua vao két qua ma hé théng Po kiém va
Giam sat QoS dem lai. Yéu cau QoS lién hé voi cac metric kinh doanh théng qua
thoa thuan muc dich vu (SLA). Yéu cau chat lwong dich vu caa bat ky tng dung
nao trong vién thong déu phai dya trén danh gia cia ngudi sir dung dau cudi. Pé
hiéu rd vé cac goc nhin ddi voi QoS ta cd thé xem xét mot vi du vé cudc goi video.
Trong qua trinh goi mtrc d6 dich vu dwoc danh gia thong qua cac tham s ¢ng dung
tuong ung nhu do phan giai caa hinh anh, téc d6 khung, vv... Cac tham sé nay c6
thé dugc chuyén ddi thanh cac thanh céc tham sb QoS cho ning lyc mang nhu bang
thong, 15i, ty 18 16i [5]. Panh gia chung ctia nguoi ding d6i véi dich vu 1a két qua
cua c4c tham sé @ng dung hitu hinh lién quan dén mang va cac tham sé vo hinh
khong lién quan dén mang nhu sy tién loi, kha niang diéu khién, nang lyc hoat dong,

gi& tri so v&i chi phi va tinh “thoi thugng” [4].



1.2 Chét lwong trai nghiém QoE

Tiéu chuan ITU P.10/G100 cung cip dinh nghia QoE nhu sau : “QoE i toan
bo tinh chéat chip nhan duoc cia mot tng dung hoic mot dich vu, khi duoc cam
nhan chu quan boi mot ngudi st dung cudi.” N6 bao gébm toan bo cac tac dong hé
théng dau-cudi (khach hang, thiét bi dau cudi, mang, co s ha tang dich vu,...) va co
thé bi anh huong bsi ngudi dung cubdi va ddi véi nhitng ngudi st dung khac nhau
thi QoE ciing khac di. Tuy nhién QoE ciing c6 thé danh gia st dung cac phép do
khach quan, gop phan vao QoE Ia cac phép do hiéu ning dich vu khach quan nhu 13
mat thong tin va tré. Cac phép do khach quan nay cung véi cac thanh phan thuoc
con ngudi nhu cam xidc, thai do, nén tang ngdn ngit, dong co thic day... xac dinh
murc d6 chap nhan tong thé cua mot dich vu.

1.3 M@i quan hé giira QoS va QoE

QoS 1a mang dén ngudi dung nhitng khai niém k¥ thuat kha don gian vé chat
lugng dich vu. QoS chii yéu tap trung vao mé ta céc tidu chi khach quan, mang tinh
k¥ thuat ma ha tﬁng mang hay ung dung can phai dat duoc dé chat luong dich vu
duge dam bao. Noi mot cach khac QoS co thé coi 1a ngdn ngit k¥ thuat chung cua
chat luong ma cac Gng dung va ha ting mang st dung.

Van dé nam & chd nhimg khai niém QoS nhu do tré, ty 1¢ mat goi khong
truyén tai nhitng thong tin thiét thue cho dai da s6 ngudi sir dung dau cudi. Piéu ma
ngudi sit dung that sy quan tdm 1a cam nhan danh gia c4 nhan theo mot cach dién
giai thong thudng khi st dung dich vy, nhu chat luong hinh anh cta doan phim c6
t6t khong, hinh anh va tiéng néi ctia trong phim c6 khdp nhau khong vv. Xét tir goc
d6 thuong mai cung cip dich vu, muc tiéu cudi cung cta nha cung cp dich vu phai
1a su hai 1ong cta khach hang. Pay 1a yéu té dé thu hat nguoi str dung va mo rong
mang ludi phuc vu ctia nha cung cip. Dé danh gia chit luong cta dich vu, rat can
thiét phai dat tim diém vao murc do hai long, yéu to cha quan mang tinh chat con
nguoi cua nguodi st dung dau cudi. Chi ¢6 nhu vay thi dich vu mdi bam sat nhu cau

thi truong va c6 co hdi phat trién, mo rong.



Thuc té d6 doi hoi phai thiét 14p mot cach dién ta chung, d& hiéu cho nguoi
dung dau cudi vé chat lugng dich vu. D6 chinh 13 1y do dua ra khai niém QoE. QoE
13 ngdn ngit chung dé cac tng dung va nguoi st dung dau cudi sir dung khi tiép can
van dé chat luong cua dich vu. Noéi cach khac, QoE 1a thudc do su hai long cua
nguoi st dung voi dich vu ho dang dung, dya trén nhiing danh gia chi quan. Nhu
vay, cling c6 thé nhin nhan QoE dugc tong hop tir cic tham sb thuan tiy mang tinh
k¥ thuat QoS va cac yéu t6 khac khong mang tinh k¥ thuat nhu cac dic tinh cua hé
thdng thi giac va thinh gidc con ngudi, sy don gian khi ding ky str dung dich vu, gia
ca dich vy, ndi1 dung dich vy, tinh san sang hd trg tir nha cung cép. QoE thuong
dugc biéu hién bang nhitng dénh gia mang tinh cam nhan ca nhan nhu “xuit sic”,
“tot”, “trung binh”, “tam chép nhan”, “kém”

1.4 Két luan chwong 1:

Chuong 1 da trinh bay vé khai niém co ban chi sé chat lwong QoS va chi s6
trai nghiém QoE, cac quan diém vé QoS va méi quan hé giira 2 chi sé nay.

Noi dung chuong ciing da trinh bay cac quan diém vé QoS dudi 4 gdc nhin :
Yéu cau QoS cua khdch hang; QoS dwoc cung cdp bai nha cung cdp dich vu; QoS
cung cdp thuc té boi nha cung cdp dich vu; QoS dwoc khach hang cam nhan. Moéi
quan hé gitra bon goc nhin nay.

Noi dung chuong ciing da trinh bay vé quy trinh quan 1y QoS, trong d6 cd
dinh nghia va quy dinh SLA cua tung khau trong quy trinh.

Cac noi dung duoc trinh bay trong chuong 1 di ndi 1én tm quan trong cua
QoS/QoE dbi vai mot nha mang cung cap dich vy, yéu cau nha mang phai c¢é cong
cu do luong va nang cao cac chi sé ndy nhim dem lai nhitng dich vu tét nhat cung

cap téi khanh hang.



CHUONG 2 - NGHIEN CUU PHUONG PHAP TOI UU HOA
Qo0S/QoE DI DPONG

2.1 Phwong phap tinh toan chi s6 QoS/QoE mang di dong
2.1.1 Phwong phap luian xay dung chi s6 QoS/QoE

GIAI DOAN GIAI DOAN GIAI DOAN
MUA HANG sU’ DUNG CHIA SE

Hinh 2.1 : Hanh trinh trai nghiém cia khach hang

Hinh 2.1 md ta cho ta mét hanh trinh ma khach hang duoc trai nghiém. QoS
dong vai tro 1a thude do chi s6 chat luong dich vu SQI (Service Quality Index) phan
anh danh gia chat lwong mang ¢ mtc POI/site/cell level. QoE dong vai tro 13 thuéc
do trai nghiém sir dung mang cua khach hang hoac chi sb trai nghiém nguoi ding
UXI (User Experience Index) ¢ muc POI/Tinh. Str dung 2 phép do luong nay sé cho
phép phan tich & hon vé cac nguy@n nhan géc cua chat luong mang ludi va trai
nghiém khach hang

KPI duogc phan loai thanh QoS va QoE dé tinh toan céc chi s6 lién quan dé
cung cap céi nhin chi tiét hon vé mang lu6i va trai nghiém khach hang. Cac lép dam

bao chat lugng mang ludi duoc chia lam 3 muc: khéach hang, dich vu, mang ludi



Cac KPI da duoc chon va anh xa toi KQIs hoac trai nghiém khach hang sé

duoc &p dung céc thuat toan dé tinh todn cac chi sé nhu Hinh 2.2

Quality of Service (Qu's) to calculate SQ1

©  Chusnhéa
(Cac KPI khac nhau dugc chudn

Network Perforniance Assessment Frameviork - Network/Service Layer (QoS) hda vé cung mét ty Ig)

Chi s6 chat
lugng dich vu

=

mang lugi
(sQI)

@fhuéjt toan trong so
(Trong sé dugc ép dung cho
KQIs & Trai nghiém khéch hang
va s8 thay doi theo cong nghé
cua MBB -2G/3G/4G)

©  Ténghop
(tdng hgp dit liéu theo thdi gian,
¢dng nghé, vung dia Iy -
POI/Cluster/Quén, huyén/Tinh,
Thanh phd)

Hinh 2.2 : Céc ky thuat sir dung tinh toan SQI & UXI
Ki thuét tinh todn chuan hoa : cac KPI khac nhau véi cac don vi ther nguyén

khac nhau can dua vé cung 1 thang do duy nhét dé so sanh, danh gia gia tri tuong

quan nhu Hinh 2.7
Chuan héa
- KPIs - —— Thangdo Thang do —
thudng P\ chudn hoa
KPI 1 gsm
-100 (0] +100 0O +30 +60+90
7~ 2
%
KPI 2 —— ~ f
0] 50 100 O +30 +60+90
7~ 2
kbps
KPI 3 : . :
o} 128 256 0O +30 +60+90

Hinh 2.3 : Ky thuit tinh toan — chuan héa
Thuat toan trong sé : trong sé duoc ap dung cho cac KQIs va trai nghiém
khach hang no sé& thay doi theo cong nghé cua hé théng di dong. Ap dung 2 loai

trong sé 1a trong s6 luu lwong va trong sb ¢6 dinh nhu Hinh 2.4
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Trong sd Iluu lugng

Trong s0 cd dinh

Hinh 2.4 : Trong s6 ¢ dinh va trong s6 luu lugng
Téng hop : tong hop dir liéu theo thoi gian, cdng nghé, vung dia ly-
POI/Cluter/Quan, huyén/tinh/thanh phd déu cé cac mirc tong hop riéng nhu Hinh
2.5

Loai téng hop Midrc téng hop

Hang thang ]

Theo
Thdi gian

Hang tuan=

Hang ngay

Tinh/TP

J
Quan ]
Network Cluster ]
)

]

!
i

i

Theo !
Dia ly !

PiEfm quan tam

Site/OLT
Cell

cdng

Ca 03
nghé&

@ Theo
CcCong nghé

Hinh 2.5 : Ky thuat tong hep va tinh toan
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2.1.2 Phwong phap tinh toan QoS/QoE mang di dong

I Déuvao | |Tinhtodn Két qua
Buwdc 1 Buoc 2
KP! dau vao KP! dau ra Buoc 3 -
Budc 4 Buoe 5
; - Ap dung
Tong oy Ham chudn héa | | i
!
\
\
Chisd
chuan héa
da duoc
Trong s6 luu lwong inh nghifa Trong s6 ¢4 dinh Trong sb theo luu
duoc 4p dung khi (Trong s6 SQUUXI) lwgng, khi téng hop
tong hop theo dia Iy céc cdng nghé 26,
va theo thoi gian 3G, 4G
i — i
Piém
QoS/QoE 93%<=x<95% 95H<=X<ATH

Hinh 2.6 : Cac bwéc tinh toan chi sé6 QoS/QoE

KPI dau vao sau khi duoc téng hop tinh toan ta dugc KPI dau ra, sau do
duoc ap dung cac ham chuan hda va céc chi sé chuan hoéa tinh toan duoc cac chi s6
SQI/UXI, tir @6 ta két qua 1a cac chi s6 QoS,QoE nhu Hinh 2.6
* Cdc bwéc tinh toan chi sé QoS mang di déng

QoS duoc tong hop tir 5 chi s thanh phan (SQI): Chét lugng viing phu song
(Quality of Coverage), do san sang tai nguyén mang (Resource Availability), kha
nang truy cap (Accessibility), kha nang duy tri (Retainability), tinh toan ven dich vu
(Service Integrity).



Bang 2. 1: KPI thanh phan, ngudong va trong sé cia QoS

12

Troms =é
. . B Bing fifm Troug 36 (TebTF) | (Quinbuyte, | Kepin
Q1 KT din vie K finra o CelSi) | 23 5on
1 F] 1 3 | 16 | 3G | 4G |1G]3G 4G
MEE (a3 Y d= [ <93 |93 S | 355 |27 |97< | <3 | 98= =000 | 109 g 199 | 190 |14 | 109
26 - TCH Hocking rata (1p 1) aghlia banh hea hepng) 2 Cafl Availabifing = MIN of (1005 - TCH Bocking Rass, 100% - SDCCH
e ram g A % | 0 |585|58s| s | 99 |595 w0 |wes|ees| 100 | 40 w0 2953
2 - SDCUH Block rats (i 1 agblin bioh bao sw) R
SQI 1 Resource Avadlabdiy (89 okn sang 1ad 3 - CF Utitization (tf 1 agblin tai ampsn vl toypi)
sgayba mems) 33 Call Oompmnsy = MIK of (CE Uslization, Pomer Usfizasion) % || eo|eo|so|so|s |40 o w 5| |ps
3G - Powver Utization (o7 1 azbin cag o)
43 - R Usization Rate (14 ngayin v toyia 43) 43 5 Utization = 43 - KB Utiization Tate % (w0 | & ||| ||| 1] 15 [ra
3G - Call Satup Sucoma Kot - CR (I W @MU 0589 oy o) Bomap S5 R % | 0| s |ss |sas[sas|sas|ens[sea)emr| ]| w0 30 A
oz 2 thanh clez) :
3 - Call Setwn Suoosn Rate - O3 (18 fide 1an cole god
oz 3 thanh coez)
s 3. e 11 = b ) 3G - Call Satop Sucom Rate - PRt I dhidelty codoged |30 HEPA Acceadbility = Avg of (35 Call Satap Sscceus Rate 05 & S and . N - -
11 Accewdhiling (tha ning oy cio) Q W g = b EALL i " r = = r = = F
3 3 5 by clp ol DPA Saro R % | 0|5 |ss |58s|585|5ms|ses w2 100 15 5| |ps
3G - HEDPA Suovess Faate (17 18 fhidt lap phite data 33 fusen
oo
i-}mm-;m,m (ot it ing b Sam 4G 080 o 47 5 e 6 |0 [sn|ens| e | 99 |95 |ees (v |ves| 10 5 15 |
15 - Call Do Fase {17 # 201 cuda god mang 13 13 Call Complstion Fase = | - 1 Cafl Deog Rate % | 0 |983|585| 99 | 99 |565 |56 #6888 100 | 30 W0 PG
3G - Call drop Rats - T3 {7 18 70t ool g0d mang 3E) 3 . . }
R . laﬂuﬂ":r;?‘;?h“"“m?“ (1-3C CalDropRate CR)2nd{1-38 | o | o | g9 | o9 [093 [o03 [oms [oms [se 907 | 100 L | [ms
L3 oy (ki g dhone 9 (af] Do Ratm B
SGlL3 Retsiudifty (id ntog duy i) 33 - HEPA Call drop Rate - B3 {17 18 20 glitn mmaag 3G) ;
43 - Sarvioe Drog rate (57 18 ro4 giite mang 43) 43 E-UTRAN Ratainabliny = 1- 43 Servioe Deop Rate % | 0 |#85|585| 59 | 58 |98 |ses s (87| 100 m 1 [
33 - 0 Distedation = 15 (i o bt sl mamg 3G) |33 OQT = Smem of (Lo 15 32 300/ Suem of {Lv. 0180 300 % | o | s |80 |50 |50 |53 |83 |85 |85 |0 kY w| o
S0L 4 Sarvics Lotegrity (Hoh tokn vee dich wg)
43 - ()] Distedstion > § (oo Wb teupbn mamg #3) |43 OQT = 5um of (L. §42 15) Bum of {Lw. 010 1) % |0 | %0 %0 |85 |95 |97 |97 |58 |58 |00 k4] 55 |Enis
Tevtos CPICH RECF dBm {mmibs fs indoor stag 33)
33 - sty of soverage = avg of Iadoos CFICH RECF, Cudons CPICHESCE | dBem |-105| 100|100 | 55 | 55 | 52 | o2 | 50| o0 | 22 5 Mastoe
. (Cropdoor CPICH RECP dBm {muc ths wstdoor soag 33)
S0L 3 Croality of Coverage (Chit legng vang ohe E - =
Fi )
- Indoor RERF dem (s s indoor wag 43
4G - Crmality of coverags = avg of Indoor B3RP, outdoor RERP dBm | -140] 105 (105 | 105 | -10S | -100 | -100| 5 | 85| 44 » Alamior
(Cratdoor B3RP dEm {muc frs ouidoor wag 43)
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Budc 1 : Tir KPI dau vao duoc lay tir hé thong PMS, Mentor, MMS tinh toan theo
cong thic trong Bang 2.1 dugc KPI dau ra (Xi)

Vi du :tinh toan chi s6 SQI5 chét luong cua ving phu song

Indoor RSRP =-65dBm

Outdoor RSRP = -55dBm

X, (4G-Quality of converage) = avg of Indoor RSRP, Outdoor RSRP = (-65 + -
55) /2 =-60 dBm

Budc 2: Theo Bang 2.1 KPI dau ra (Xi) duoc tinh toan theo cong thirc chuan hoa
duoc gia tri SQIi/UXIi
Budc 3 : KPI chuan héa ( thang diém 100)

X4c dinh khoang chir gia tri Xi X.= - 60 dBm thugc khoang [-95;-44]

Trong dong SQIli thudc bang Vay [C;D] = [-95;-44]
1(QoS), xac dinh [C;D]

Xac dinh khoang [A;B] trong dong | Xét dong SQI5 khoang [-95;-44] tuong
bang 1 tuong ung voi khoang [C;D] | &g véi 5 diém

cua dong SQli

Xét dong “Bang 2.17: diém 5 tuwong (ng
véi khoang [98;100]

Vay [A;B] = [98;100]

Tinh gia tri SQli=(C-Xi)/(C-D)*(B- | SQI5(4G-Quality of converage) = (C-
A)+A Xi)/(C-D)*(B-A)+A = 99.37

Budc 4: Tinh QoS theo tung cong nghé ta tinh QoS, .

Thuc hién twong tu budce 1,2,3 tinh dugc cac SQI lién quan dén QoS, 96m
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SQI1(Resource Availability) = 99.49

SQI2(Accessibility) = 99.55

SQI3(Retainability) = 99.85

SQIl4(Service Integrity) = 99.15

QoS, =Z::18Qli*Wi =99.43, (trong 6 Wi 1a trong sé caa SQIi)

* Cdc buéc tinh toan chi sé QoE mang di déng
QoE dugc téng hop tir 4 chi s6 thanh phan (UXI): Téc d6 download
(download speed), Tré (Latency), Rung pha (Jitter), Ty & mét géi tin (Packet Loss)

Bang 2. 2: KPI thanh phan, ngwéng va trong sé ciia QoE

Ben Bing diem e :
UXI KPI diu vie KPI diura vi - Trong Nﬂ-gu.fn
tinh 1 2 3 4 5 0 | o lien
MER (uE t B | <03 ) 03 | <B5 | 05 | <07 | 07| <0 | 08< | <100
- . | Download Spesd = 4G
— Ei;rf_'m”“ User Dowload seps | 0 |10 10|20 (20| 28|28 | 36| 36| 50 | 60% |mns
Network P Throughpat
Speed Delay (elodeB - Latency = Delay ,
Core EPC) NodsB - Comezpcy | M5 [100[ 4040301302020 110101 0 | 20% |nuis
Jitter (elodeB - Tiiter = Jitter (elodeB - = - .
- | Con o) Cone £90) ms |15 {00 5|53 [3[2]2]0 |10% |
Ketwork | Packet Loss Packer Loss = Packet
Reliability | (eNodeB - Core Loss (eNodeB - Care o[ W[5 50| L |05|05)03)03[ 0 |10% |as
ELC) EBCY
Céc budc tinh toan gom:
Budc Noi dung Vi du tinh UXI 1- Toc d6 mang
(Network Speed)
1 KPI dau vao:duoc lay tir hé thong | 4G luu lwong tai xudng cua nguoi
PMS, Mentor, MMS dung(User Download Throughput)
2 KPI dau ra (Xi) duoc tinh theo (Xi)Download Speed = 4G User
cong thac bang UXI Download Throughput = 27.5Mbp
3 KPI chuan héa (thang diém 100)
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Xac dinh khoang chua gia tri Xi

Download Speed = 27.5Mbp thudc
khoang [20;28]

Trong dong UXIi thuoc Bang 2.2
xac dinh khoang [C;D]

Vay [C;D]= [20;28]

Xac dinh khoang [A;B] trong dong
Bang 2.2 twong tng v&i khoang
[C;D] cua dong UXIi

Xét dong UXI1 khoang [20;28]

tuong tng véi 3 diém

Xét dong “Bang 2.2” diém 3 twong
ung vai khoang [95;97]

Vay [A;B] = [95;97]

Tinh gia tri SQli=(C-Xi)/(C-
D)*(B-A)+A

UXI 1(Download Speed) = 94.53

4 Thuc hién twong tu budc 1,2,3 tinh | UXI 1(Latency) = 99.44
dugc cac UXI lién quan dén
QOE ¢
UXI 2(Jitter) = 99.95
UXI 2(Packet Loss)=99.99
QOE,; = D UXIi*Wi
Wi : trong s6 ctia UXI, QOE,, =94.53*60%+ 99.44*20%+
99.95*10%+ 99.99* 10% =96.6
2.2 Nghién ctru phwong phap t6i wu héa QoS/QoE mang di déng

Viéc téi wu nang cao chit lwong mang duoc thuc hién lién tuc, & muac

Quan/huyén, Tinh/Tp hoac POI/Cluster dinh ky hang quy;

Lya chon Tinh/Tp thyc hién téi uu dinh ky hang quy/hang nim theo nguyén

tac vu tién ;
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- D6 quan trong - cap thiét (IU matrix) dua trén vu tién thi tredng tiém ning

va danh gia nang luc hién tai cia mang Vinaphone tai thi truong do

- Chi s6 QoS: Thudc do chit lvgng mang — dich vu

- Chi s6 QoE: Thuéc do chit lwgng trai nghiém cua khach hang

- Ty lé gita s6 phan &nh khach hang vé chat luong mang v tuyén, trén tong
s6 thué bao theo tirng khu vic Tinh/TP, POI/Cluster (tinh ty 1& 1000 thué

bao)

Nguyén tic xép hang wu tién theo t/tp, POI/Cluster:

Bang 2.3 : Nguyén tic xép hang wu tién

Do quan trong-

S Chi (s;) QoS Chi ;;10 QoE Ty lg(ZP;AKH
(IU matrix)
. 40% 20% 20% 20%
Piém chi tiéu (a)
5 Cipdol | 0%<X<93% | 0%<Y<93% 7> 6%
4 Capdo2 | 93%<X<95% | 93%<Y<95% | 4.5% <7< 6%
3 Capdd3 | 95%<X<97% | 95%<Y<97% | 3%<7Z<4.5%
2 CapdOd | gmy oxcomny | 976 <Y< 98% | 1.5%<Z< 3%
1 X > 98% Y>98% | 0%<Z<15%

Cong thire tinh diém xép hang ctia Tinh/Tp, POI/Cluster = Y., a * b;

Phan loai mirc vu tién theo diém xép hang cua Tinh/Tp, POI/Cluster tir cao

xuéng thap.

Déi véi cac Tinh/Tp ¢6 nhiéu hon 80% sb quan/huyén khong dam bao cac

chi tiéu QoS, QOE, ti 18 PAKH, s& thyc hién t6i wu tong thé toan tinh, nguoc lai thuc

hién t6i uu theo mirc Quan/huyén;

Déi vai cac Tinh/tp, quan huyén, POI/Cluster dd dam bao cac chi tiéu QoS,

QOE va ti 16 PAKH lién tiép trong 03 thang, s& duoc dua vao danh sach theo ddi,

duy tri dam bao chat lugng mang dich vu.
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Sau khi chon dwgc Tinh/tp, quan huyén, POI/Cluster can téi wu. Thyuc hién
t6i wu cac SQI/UXI thanh phan cy thé nhu sau :

SQI/UXI M6 ta Nguyén nhan Phwong an xir ly
2G Cell | 2G Cell |- Cell bi nghén |- Néu CSHT di co
Availability Availability ~ bao | SDCCH tram 3G, bat dau

gom 02 thanh phan: | - Cell bi nghén | thuc hién chuyén
2G SDCCH va 2G | TCH dich luu luong
TCH, duoc tinh tram 2G sang tram
theo cong thuec: 3G;
2G Cell - Néu CSHT chua
Availability = MIN co tram 3G, trién
of (100% - TCH khai tram 3G
Blocking Rate, U2100 5-10 MHz.
100% - SDCCH
Blocking Rate)
3G Cell | 3G Cell Occupancy | Cell c6 HSSD CE | - Hiéu suat sir dung
Occupancy bao gém 02 thanh | cao CE cao (> 50%),

phan CE Utilization
va Power
Utilization,

tinh

duoc
theo  cong
thuc:

3G Cell Occupancy

= MIN of (CE
Utilization, Power
Utilization)

Cell c¢6 HSSD

Power cao

cAn  nang  cap
license hoac nang
cap phan cang

Hiéu suat sir dung
Cong suat 3G cao
(> 50%), kiém tra
tang truong luu
luong cua tram:

- Néu ting truéng
luu lugng duong,
kiém tra cAu hinh

tram:
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+ Néu bing thong
nho hon 15 MHz,
bd sung thém mét
tan s6 3G;

+ Néu bang thong
l6n hon hodc bang
15 MHz va nho
hon 30 MHz, trién
khai 06 sector;

+ Néu bang thong
I6n hon 30 MHz,
trién khai tram 3G
moi.

- Néu tang truong
luu  luwgng  am,
kiém tra ciu hinh
tram:

+ Néu CSHT da ¢
tram 4G, kiém tra
tram 4G (chi tiét
trong case xu ly
4G - RB
Utilization Rate);

+ Néu CSHT chua
co tram 4G, tiép
tuc theo dbi su
thay dbi cua ti l¢
taing truong luu

lwong va HSSD
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Cong sua

4G

Utilization

RB

Hiéu suat st dung
Resource Block 4G

Kiém tra cau hinh
fram:

- Néu bang thong
nho hon 15 MHz,
Khai
bang thong 1én 15
MHz

trién nang

- Néu bang thong
l6n hon hodc bang
15 MHz va nho
hon 20 MHz, trién
khai nang bang
thong Ién 20 MHz
- Néu bang thong
l6n hon hoic bang
20 MHz va nho
hon 40 MHz, trién
khai 06 sector

- Néu bang thong
I6n hon 40 MHz,
trién khai tram 4G

moi

2G Call Setup

Cell c6 chi so thiét
lap cudc goi 2G

thap

Cac nguyén nhén
c6 thé gay CSSR
thap:

Loi Hardware;

Path Balance;

X ly phan cing;

- Xa ly Path
Balance;
- Piéu chinh VPS.

- Khai bao lai cac
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Overshoot.

Ca4c nguyén nhan
c6 thé gay CSSR
thap:

Khai bao tham so
chua dung;
Nhiéu
BCCH, TCH,;
Nghén  SDCCH,
TCH.

kénh

tham so;
- Po6i tham sb
BCCH dé& giam
nhiéu UL;

- Nang cap cau
hinh;

- Thuc hién céac
chuong trinh TUH
KPI nay.

3G HSPA
Accessibility

3G
Accessibility

HSPA
bao
gom 03 thanh phan:
3G Call
Success Rate CS,
3G Call
Success Rate PS va
HSDPA
Rate,

Setup

Setup

Success
dugc  tinh
theo cong thac:
3G HSPA
Accessibility = Avg
of (3G Call Setup
Success Rate CS &
PS and HSDPA

Success Rate)

Céc nguyén nhén
c6 thé
HSPA

Accessibility thap:

gay 3G

L&i Hardware;
Overshoot.

Cac nguyén nhén
c6 thé
HSPA
Accessibility thap:

gay 3G

Khai bao tham sb

chua ding

- X ly phan cang;
- Diéu chinh VPS,

- Khai bao lai cac
tham so;

- Thuc hién céac
chuong trinh TUH
KPI nay.

4G ERAB SS

Cell co ti I& Thiét

Ca4c nguyén nhan

- Xt ly phan cang;
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Rate lap ERAB thanh | c6 thé gdy ERAB | - Biéu chinh VPS.
cong thap SSR thap: - Khai bao lai céc

Lbi Hardware; tham s6;
Overshoot - Thuc hién cac
Céc nguyén nhén | chuong trinh TUH
c6 thé gdy ERAB | KPI nay.
SSR thap:
Khai bao tham sé
chua dlng.

2G Call | Cell c6 chi s6 rét| Cac nguyén nhan | - X ly phan cing;

Completion Rate

cudc goi 2G cao va
dugc tinh theo cong
thuac:

2G Call
Completion Rate =
1 - 2G Call Drop
Rate

c6 thé gay 2G Call
Drop Rate cao:

Loi Hardware;

TA cao;

Vung pha kém,
khu vuc vung ho.
Cac nguyén nhan
c6 thé gay 2G Call
Drop Rate cao :
Khai bao tham sd
chua dung;

Thiéu neighbor.

- Biéu chinh VPS.
- Khai bao lai cac
tham so;

Audit relation, add
thém neighbor bi
thiéu;
Thuc
chuong trinh TUH
KPI nay

hién cac

3G Call

Completion Rate

3G

Completion

Call
Rate
bao gdom 02 thanh
phan: 3G Call Drop
Rate CS, 3G Call

Cac nguyén nhén
c6 thé gay 3G Call
Drop Rate cao:
Loi Hardware;

L3i truyén dan;

- Xtr ly phan cang;
- X ly 18i truyén
dan;

- Biéu chinh VPS

- Khai bao lai cac
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Drop Rate PS va
duoc tinh theo céng
thac:

3G Call
Completion Rate =
Average of (1 - 3G
Call Drop Rate CS)
and (1 — 3G Call
Drop Rate PS)

Vung pha kém,
khu vuc vung ho.
Cac nguyén nhan
c6 thé gay 3G Call
Drop Rate cao:
Khai bao tham sé
chua dung;

Thiéu neighbor.

tham sd:
Audit relation, add
thém neighbor bi

thiéu:

4G E-UTRAN
Retainability

Cell c6 chi s6 rot
cuéc 4G cao va
duoc tinh theo cong
thuac:

4G E-UTRAN
Retainability = 1-
4G Service Drop
Rate

Ca4c nguyén nhan
c6 thé gay 4G
Service Drop Rate
cao:

L&i Hardware:

Li song ding;

Chi s nhiéu UL
RSSI cao;

Ving pha  kém,
overshoot, chéo
sector.

Cac nguyén nhan
c6 thé gay 4G
Service Drop Rate
cao :

Khai bao tham s

chua dung.

- Xu ly phan cang

- Kiém tra lai phan

7
A

dau ndi  feeder,
jumper gitra Ccac
anten;

biéu chinh VPS.
Khai bao lai cac

tham sé;

3G CQI

3G CQI (Channel

Ca4c nguyén nhan

Diéu chinh VPS.
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Quality Indicator):
chi s6 thé hién chat
lwgng kénh truyén
tir NodeB dén UE,
CQI cang cao chat
lwgng kénh truyén
cang tét, va duogc
tinh the3G CQI =
Sum of (Lv. 15 to
30) / Sum of (Lv. 0
to 30)

0 cOng thuec:

cé thé gay 3G CQl
thap:
Chi s nhiéu cao;

Vung phu kém.

Khai bao toi wu cac

tham sé lién quan;

4G COQI

4G CQI (Channel
Quality Indicator):
chi s6 thé hién chat
lugng kénh truyén
tir eNodeB dén UE,
CQI cang cao chat
lugng kénh truyén
cang tét, va duoc
tinh  theo céng
thuc:

4G CQIl = Sum of
(Lv. 6 to 15) / Sum

of (Lv. 0 to 15)

Céc nguyén nhén
c6 thé gay 4G COQl
thap:

Chi s6 nhiéu cao;

Vung phu kém.

Dbiéu chinh VPS.
Khai bao téi vu cac

tham sé lién quan;

3G - Quality of

coverage

3G -

coverage la chi sé

Quality of

Cac nguyén nhén

c6 thé gay 3G -

biéu chinh VPS:
Chuan bi CSHT
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thé hién muac thu
3G, gém 02 thanh
phan

Indoor CPICH
RSCP va Outdoor
CPICH RSCP,

duoc tinh theo céng

Quality of
coverage thap:
Vung phu kém;
Vung ha, diém 16m

song.

phat song thiét bj
mai

B6 sung cac Small

cell, Remote
sector, Tram
Macro

thac
3G - Quality of
coverage = avg of
Indoor CPICH
RSCP, Outdoor
CPICH RSCP
4G - Quality of |4G - Quality of | Cac nguyén nhan | Biéu chinh VVPS;

coverage

coverage la chi sb
thé hién muc thu
4G, gébm 02 thanh
phan

c6 thé gay 4G -
Quality of
coverage thap:

Vung phu kém;

Chuan bi CSHT
phat séng thiét bi
mai

B6 sung cac Small

Indoor RSRP va | Vung ho, diém 16m | cell, Remote
Outdoor RSRP, | song. sector, Tram
dugc tinh theo cong Macro.
thuc:
4G - Quality of
coverage = avg of
Indoor RSRP,
outdoor RSRP
4G - Download | 4G Download | Cac nguyén nhan | Biéu chinh VPS;
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Speed Speed duoc tinh | cO thé gdy 4G User | Swap cic tram
bang 4G  User | Download MIMO 2T2R sang
Download Throughput thap: | MIMO 4T4R.
Throughput Do vung phu kém;
Nhiéu nguoi dung | B6  sung  thém
déng  thoi, cell | license
nghén B6 sung cac tinh
Cac nguyén nhéan | nang nang cao
c6 thé gay 4G User | (CoMP,  elCIC,
Download L)
Throughput thap: | M&  rong  bang
Nhiéu nguoi dung | théng Ién 20Mhz
dong thoi, cell | Bo sung thém thiét
nghén. bi cdu hinh 6
Nang lyc thiét bi, | sector;
license thiéu. B sung thém card;
Ké hop Anten
Multibeam.
Delay (Latency) |BPuoc tinh bang | Cac nguyén nhan | Xt ly 16i duong
Jitter Delay, Jitter, | c6 thé: truyén (kiém
Packet Loss Packet Loss tur|- Do 16i duong |tra/thay cac doan

eNodeB dén Core
EPC

truyén, hoic nghén

két ndi.

day nhay quang,
doi  tuyén khac
hodc d6i SFP,...)

2.3

Két luan chwong 2:
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Chuong 2 da trinh bay phuong phap luan xay dung phuong phap thu thap,
tong hop sb liéu dé tinh toan chi tieu QoS/QOE giam sét chat luong mang . Bong
thoi dua ra phuong phap t6i wu hdéa QoS/QoE dua trén cac chi s6 QoS/QOE, ty Ié
phan anh khach hang.

Noi dung chuong ciing da trinh bay chi tiét nguyén nhan va cac phuong phap
xir ly cac KPI kém; Cai thién dugc chit lwgng mang va trai nghiém khach hang.
Kiém soat duoc chit luong theo cac mic khac nhau : muc cell, muc site, mac PO,

murc quan/huyén, muc Cluster, muc tinh...
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CHUONG 3 - UNG DUNG TRIEN KHAI THUC TE TAl

VNPT HUNG YEN
3.1 Hién trang mang di dong tai VNPT Hung Yén

Hung Yén Ia mot tinh nam ¢ trung tim ddng bang séng Hong Viét Nam.
Trung tdm hanh chinh cua tinh 1a thanh phé Hung Yén nim cach tha d6 Ha Noi
54 km vé phia Tay Bac. Vi dién tich 926 km2, dan sé 1.480.000 nguoi, mat do dan
s6 1.600 nguoi/l km2. Tinh Hung Yén duoc phan chia thanh 10 don vi hanh chinh,
bao gom 1 thanh phd, 9 huyeén, véi 161 don vi hanh chinh cap xa: 145 x4, 7 phuong
va 9 thi tran.

Toan tinh hién c6 10 khu céng nghiép (KCN) véi quy mo hon 2.481ha, trong
d6 c6 4 KCN di di vao hoat dong, gdm cac KCN: Phé Néi A, Dét may Phd Nai,
Thang Long II, Minh Puc. Theo quy hoach, dén nim 2020 toan tinh s& c6 35 cum
cdng nghiép, tong dién tich 1a 1.399 ha dé tao mat bang thuan lgi cho phat trién
cdng nghiép, tiéu tha cdng nghiép.

Trong nhitng nam vira qua Hung Yén dugc danh gia 1a mét trong cac tinh co
ha tang cong nghiép phét trién nhanh va manh caa mién Bac. Hién nay trén dia ban
tinh ¢6 rat nhiéu cac khu cong nghiép Ion nhu Phé N6i A, Phé No6i B (khu cong
nghié¢p dét may), khu cong nghiép Thang Long II (Mitsutomo Nhat Ban), khu cong
nghiép Nhu Quynh, khu cdng nghiép Minh Buc, khu cdng nghiép Kim Bong, khu
cdng nghiép Quan Po..... San pham cbng nghiép cua tinh 1a dét may, giay da, 6 t6,
xe may, céng nghiép thuc pham... Co cdu theo huéng phéat trién kinh té cong nghiép
va dich vu dang 13 chi dao. Hién nay trén dia ban tinh c6 rat nhiéu cac khu do thi
mé&i xay dung véi quy hoach rat hién dai va van minh nhu: Khu d6 thi Ecopark
(Vin Giang),Vincity Hung Yén, khu d6 thi V-GreenCity, Khu d6 Phb Nbi B, ...

Tinh dén thang 10/2021. VNPT Hung Yén dang c6 tdng 280 tram di dong,
phan bo trén 10 dia ban Thanh phd, huyén thi. Hung Yén c6 dia ban chu yéu bao 1a
ddng bang va c6 tong dién tich 930.22 km vudng; do vay sé lwong tram phan b van
con thwa va chua dap tng duoc nhu cau st dung mot cach tét nhat. Khu vuc tap

trung phuc vu tai cac trung tam Thanh phd, Huyén, Thi xa va cac khu cong nghiép.


http://vgreencity.com.vn/dat-nen-shop-house
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Cac khu vuc khac sb luong tram trung binh mét tram trén don vi mot xa do vay
nhung khu vuc déng dan cu chat lugng chua thuc sy tot, bao phi chwa duoc toan bo
dia ban

Phan bé sé lugng tram theo don vi hanh chinh huyén/ thi xd/ thanh phé theo

Bang 3.1 dudi day.

Bang 3. 1: Phan b6 sb lwong tram di dong trén dia ban tinh Hung Yén

Pon vi hanh chinh S6 tram 2G S6 tram 3G S6 tram 4G

TP.Hung Yén 38 45 45
25

Kim bong 21 25
35

Khoai Chau 30 35
28

Vian Giang 15 28
27

Van Lam 22 27

Yén My 20 27 27

My Hao 18 30 30

An Thi 25 27 27

Phu Cu 20 20 20

Tién L 14 16 16

Tong 223 280 280

(Nguon : Sé liéu tir VNPT Hung Yén - thangl0 nam 2021)
Bang 3.2: Ban kinh phuc vu wéc tinh Iy thuyét

_ S6 CSHT Ban kinh phuc vu
Huyén Dién tich (km2)
(2/3/4G) (m)
Thanh Phd 73.86 45 853.46
An Thi 129.98 25 1466.36
Tién Lt 78.59 35 1587.11
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Phu Cu 94.64 28 1485.28
Kim Bong 103.32 27 1375.61
Khoai Chau 130.98 27 1279.95
Van Giang 71.84 30 971.93
Van Lam 75.24 27 1021.19
My Hao 79.36 20 1034.88
Yén My 92.41 16 1180.60
Hung Yén 930.22 280 1188.00

(Nguon : Sé liéu thong ké vé Dan sé va Lao déng - thang 6 nam 2020)

* Panh gia : SO lugng tram hién c6 chua dam bao dugc ving phu song toan tinh ->
Can phai 4p dung phuong phap t6i vu hoa QoS/QoE ddi véi ting cluster, ting POI
cu thé.
3.2 Panh gia chat lwong mang di dong Vinaphone Hung Yén
3.2.1  Ddnh gid chit liong trai nghiém QoE
Bang 3.3 : S6 liéu thuc té QoE mirc huyén

QoE UXI chuan héa biém UXI
UXl2 -
. o UXI 1 — Network
Tong UXI 1 — Network Speed UXI 2 — Network Reliability Speed Network
ee
P Reliability
Pon vi Pa
. ck
Download ) Download | Laten | litte
Latency Jitter Packet Loss et
Speed Speed cy r
Lo
ss
2 1-
% diém % % % % 1-5 1-5 1-5 5
2 3 4 5 6 7 8 9 10 11 | 12
Téng 97.875 45 96.612435 99.562084 99.964406 99.988295 35 5 5 5
An Thi 98.38 5 97.45724 99.52447 99.9751 99.99825 4 5 5 5
Hung Yén 98.38 5 97.44393 99.57785 99.96012 99.99921 4 5 5 5
Khodi Chéau 98.32 5 97.35944 99.5721 99.94237 99.92566 4 5 5 5
Kim Bong 98.26 5 97.24829 99.57921 99.96694 99.99779 4 5 5 5
My Hao 97.17 3 95.43543 99.56818 99.96238 99.99579 3 5 5 5
Phu Cur 98.32 5 97.3594 99.54731 99.9743 99.99805 4 5 5 5
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Tién Lix 97.86 4 96.58599 99.56815 99.96597 99.99929 4 5 5 5
Vin Giang 97.17 3 95.43763 99.55469 99.9624 99.98217 3 5 5 5
Vin Lam 97.49 3 95.97774 99.54263 99.96922 99.99479 3 5 5 5
Yén My 97.4 3 95.81926 99.58625 99.96526 99.99195 3 5 5 5

(Nguon : www.cts.vnpt.vn - thdngl0 nam 2021)

Bang 3.4 : Thong ké sb tram va diém ciia cac tham sé anh hwéng QoE

biém | Toc d6 downloand Tré Dung pha Mat goi
1 3 tram
2 10 tram
3 83 tram
4 129 tram
5 55 tram 280 tram 280 tram 280 tram

3.2.2 Ddnh gid chit lweng dich vu QoS

Bang3.5:S

0 liéu thuc té QoS mirc huyén

QoS Bifm 50T
Téng 5QI 1 Resource SQI2 Accessibility SQI 3 Retainzbility 501 4 Service | 5QI 5 Quality of
4G E- 3G- | 4G-
i 3 7, =,
Bon vi 2G Cell 3G Cell | 4G RE |2G Call H’;g s | ERAB &2;“& Eﬁ;’i UTRA Quality | Quality
Availabi| Occupa |Utilizati| Setup o P =P N |sccoIl4Goor| ef of
. ; Accessi |35 Rate | tion tion . . N
lity ney on 55 Rate Retaina coverag | coverag
- i bility Rate Rate . = =
- bility e e
difm % difm | ditm | difm | difm | difm | difm | difm | difm | dfm | difm | ditm | difm | diém
2 3 4 5 [ 7 ] ] 10 11 12 13 14 15 16 17
Téng
TrmgBimh | 4 8737 45 5 5 47 16 | 48 36 | 48 5 5 28
Hung Yén 4 097.84 - N
= 5 5 5 5 5 5 4 5 5 5 3
Khosi Chin| 4 97.62 - .
J 3 3 J 3 3 4 3 J J 3
Kim Béng 4 97.72 - N
= 5 5 5 5 5 5 4 5 5 5 3
My Hao ; 9683 5 5 1 2 5 14 4 5 5 2
Phi Cir 4 97.82 . - .
3 3 3 3 3 4 3 3 3 3 3
Tién Lir 4 97.42 N - N
J 2 > 2 b J 3 b J 2 E]
Vi 3 .
n Gimg N 9648 5 5 5 1 4 5 3 4 5 5 2
Vin ° 96.96 4 5 5 4 5 4 4 5 5 5 3
Yén MF 4 97.08 - N
- 5 5 5 5 5 5 4 5 5 5 3
An Thi 4 97.86 . - .
J 3 J J 3 J 3 3 J J 3

(Nguon : www.cts.vnpt.vn - thdngl0 nam 2021)

Bang 3.6 : Thong ké s6 Cell va diém cia cac tham so anh hwéng QoS


http://www.cts.vnpt.vn/
http://www.cts.vnpt.vn/
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biem | SQI 1 Resource SQI 2 SQI'3 SQl 4 SQI5
Availability Accessibility | Retainability Service Quality of
Integrity Coverag

1 4 cell 5 cell 1 cell 40 cell 2 cell

2 3cell 3cell 5 cell 100 cell 6 cell

3 12 cell 17 cell 8 cell 534 cell 18 cell

4 15 cell 70 cell 2 cell 237 cell 30 cell

5 1023 cell 1006 cell 1078 cell 58 cell 1069 cell

3.2.3 Danh gia ty I¢ phan anh khach hang
Bang 3.7 : Ty I€ phan anh khach hang theo huyén

STT Huyén S6thué bao | S6 phan anh khach hang | Ty 1é PAKH
1 | TP.Hung Yén 22793 100 0.004
2 | Kim Pong 16899 50 0.003
3 | Khodi Chau 23539 120 0.005
4 | Van Giang 36019 230 0.006
5 | Van Lam 16732 200 0.012
6 |YénMy 25017 190 0.008
7 | My Hao 20746 140 0.007
8 | AnThi 18120 100 0.006
9 |PhacCu 12969 90 0.007
10 | Tién Li 16869 88 0.005

(Nguon : Sé liéu tir TTKD VNPT Hung Yén - thangl0 nam 2021)
3.2.4 Téng hop céc chi sé chdt Iweng
Cép d6 cang quan trong, chi tiéu Qos, QoE cang thap, ty 16 PAKH cang cao

thi tong diém xép hang s& cao, sé thyc hién wu tién TUH
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Bang 3.8 : Thong ké cac chi sb chat lweng theo huyén

STT Huyén QoS QoE Ty ¢ PAKH Po quan trong
1 TP.Hung Yén 4 4 0.004 2
2 | Kimbong 4 4 0.003 2
3 Khoai Chau 4 4 0.005 2
4 | Van Giang 3 3 0.006 2
5 | VinLam 3 3 0.012 2
6 Yén My 3 3 0.008 2
7 My Hao 3 3 0.007 2
8 |[AnThi 4 4 0.006 2
9 Phu Cu 4 4 0.007 2
10 | Tién L@ 4 4 0.005 2

Tir bang thdng ké : Ap dung phuong phap tdi uu hoéa da nghién ctu -> s& uu tién
thuc hién t6i vu hoa cac huyén : Van Giang, Van Lam, My Hao, Yén My. Céc
huyén nay c6 ty 1é phan anh khach hang cao, chi s6 QoS/QoE kém (Mét sb khu vuc
con bi hd séng can bd sung tram méi...)

3.3  Case xir ly thuc té nang cao chat lwgng tai VNPT Hung Yén

3.3.1 Case xtr ly ndng cao chdt lwong QoS tram 2G Phé Néi - My Hao
- Hién trang tram 2G Phb Néi c6 chi s6 QoS thap dat 1 diém anh hudng dén
QoS cua huyén MHO.
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Biang 3.9 : QoS miic cell tram 2G Phéi Néi

Hién tai, CELL 2G-MHO004M13_HYN bi vi pham chi tiéu KPI TCH blocking
rate 6.04% (chuan <1%) . QoS CELL 1 va 3 cua tram dat 1 diém (mtc c6 chat

luong kém)

Bang 3.10 : QoS mirc huyén

Nguon dir lidu tir chuong trinh CTS ciia VNPT- NET

QoS
Ting 2G 3G 4G
Pon vi
diém % diém % diém % diém %
0 0 0 0 0 0 0 0 0
'I'ﬁng
Tong 4 97,01 5 9827 4 9748 3 06,94
Hung Yén 4 97.41 5 99.07 = 98.47 4 97.3
Khod Chiu 4 97,4 5 989 4 97.66 4 97.36
Kim Bong 4 97.56 5 9E.ER 4 97.62 4 97.55
Mj§ Hio 3 96,22 { 3 } 053 o 96.69 - 96,15
Phi Cir 4 97.63 3 9E.A48 4 97.87 4 97.56
Tién Lix 4 97,11 5 98.66 4 97.16 4 97.1
Vin Giang 3 95,54 5 9837 | 96.54 5 95,73
Win Lam 3 96,73 4 97 83 4 97,75 B 96.59
Yén My 3 96,54 ] 98.53 4 97.07 = 0644
An Thi 4 97,66 5 98.72 4 97.95 4 o7.58

08 BendQ! KPldivvio

QI | SQI2 | SQ3 | SQI | SQ2 | SQI3 Q2 | %
16 Retainabilt| Resource | Accessioiit | Retatnabit| Resource | Accessibilt | Retatnabdt S?‘ﬁm“ Aocessiblt| Retat
Aviliblty| v v | Avalibii i v \

TenCell CellD 6.0l
W yog | 00 | 200 | g 0. | 2. |0 )
gt | S {Complon] | S [ o= Lo |00 | PP |
o |Avalabilty Block Sceess | Drop

: ‘| Rt | R | o fte | Block ate

Rate, | Rate - C§
din | % | % | % | % | |G | | % | % | % QW OL%| % |
26 MHOMMMILHYN | 360966 1 | OLI5I51 | 9517356 | 79.04476 | 977433 | 3 | 4| 0004330 | 8330985 | 997325 1 048129 | 088081 | 8330983 | 0
2G MHOUMMIZHYN | 360963 5| 98305206 | 99904 | %8636 | %6092 | § 3| 900004) | 9945448 | 9037T8 OMGE I 0 | 994348 | 062
2G MHOUMMI3 HYN | 360964 I | 92090008 | 8871336 | 939534 | 9673064 | ! ) 3| 9395985 | 98.23836 | 9943466 \ 604015 J L10708 | 9823836 | 0.36
AN UNAAHT T UK — 10 92Mn 1M A708002 | NA107K [y A 1 1M MR T ANANAN | n 14282 AT
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¢ Dinh nghia gia tri TCH bocking rate :
La ty & nghén kénh luu lwong TCH : bang ty 18 cua sb cudc goi bi nghén/ Sé
cudc goi yéu cau.

Khi thuc hién do kiém n6 1a gia tri ty & cua Total blocks /Total TCH attempts

o Dé xir ly 16i trén, can thuc hién cac bwéc xir Iy nhw sau:

- Budc 1 : Thuc hién kiém tra thong ké canh bao vé phan ciing cua tram trén
hé thong. Nhan thy tram hoat dong binh thudng khong canh bao (cac card
CTU déu B-U binh thuong)

DEVICE STATUS INFORMATION FOR LOCATION 15:
OPER STATES: D:Disabled E:Enabled B:Busy
ADMIN STATES: L:Locked  U:Unlocked E:Equipped §S:Shutdown

Last Transition Helatgd
State Reason hh:mm:ss Function

NO RERSON @1/81 15:085:58 RTF @ @
NO RERSON @1/81 15:@7:12 RTF @
NO RERSON @1/81 15:85:58 RTF |
NO RERSON @1/81 15:@7:12 RTF |
NO REASON B1/81 15:85:58 RTF 2
NO RERSON @1/@1 15:@7:12 RTF 2

END OF STATUS REPORT

I
i
I
i
I

Hinh 3.1 : Canh béo phan ciing tram 2G Phé Néi

There are no active alarms at site 15.

END OF REPORT

Hinh 3.2 : Canh bao ngoai tram 2G Phé Néi

- Budc 2 : Thong ké lai KPI cua tram (dic biét quan tam chi s6 TCH blocking
rate)

Nhan thay gi4 tri vuot ngudng cho phép qué cao
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Bang 3.11 : Théng ké KPI tram Phd Noi

NhA cung Tasnh  TA% BSC
MOTOROIHUNG YEN BSC_824M_HYN
MOTOROIHUNG YEN BSC_824M_HYN
HUAWEI $HUNG YEN MBSC_1155H_HNI
MOTOROIHUNG YEN BSC 8241 HYN
MOTOROIHUNG YEN BSC 823M HYN
MOTOROIHUNG YEN BSC 824M HYN
MOTOROIHUNG YEN BSC 823M HYN
MOTOROIHUNG YEN BSC_823M_HYN
MOTOROIHUNG YEN BSC_824M_HYN
MOTOROIHUNG YEN BSC_823M_HYN
MOTOROIHUNG YEN BSC_824M_HYN
MOTOROIHUNG YEN BSC_824M_HYN
MOTOROIHUNG YEN BSC_823M_HYN

Then CFI| MAEVNP _LodtiNF IAC Théigian TCHBlocki

2G_MHOD04M13_HYN  2GHYNOOS73 CELL 823 24153 2021-04-12- 2021-04-27 15.431u1|
Lo VLIMUTIMTT_RYN ZGHYNUTOUT GELL 043 24401 JUZ1-U8-12 - 2U2T-U-21 301123
2G_ATI0O9M13_HYN CELL 12315 21263 2021-04-12 - 2021-04-27 0.36419
2G_VLMODAM11_HYN  2GHYNOOS61 CELL 823 24401 2021-04-12 - 2001-04-27 0.28068
2G_KCUDDTM13_HYN  2GHYNODS83 CELL 823 23033 2021-04-12 - 2021-04-27 021939
2G_YMYOD3MH1_HYN  2GHYNO1581 CELL 823 24351 2021-04-12 - 2021-04-27 016705
2G_ATIOZ2MI1_HYN  2GHYNOD201 CELL 823 23T 2021-04-12 - 2021-04-27 010931
2G_KCUDDAMA1_HYN  2GHYNOD4T1 CELL 823 23181 2021-04-12 - 2021-04-27 010461
2G_MHOOOAM1_HYN  2GHYNOOGT1 CELL 823 24151 2021-04-12 - 2021-04-27 0.07721
2G_KCUDD2M12_HYN  2GHYNOD452 CELL 823 23042 2021-04-12 - 2021-04-27 0.06852
2G_VLMOOSM12_HYN  2GHYNO1542 CELL 823 24012 2021-04-12 - 2021-04-27 0.06526
2G_VGGOOIM11_HYN  2GHYNO1401 CELL 825 24111 2021-04-12 - 2021-04-27 0.08363
2G_KCUDDAM12_HYN  2GHYNOD4T2 CELL 823 23182 2021-04-12- 2021-04-27 0.06298

- Budc 3 : Po kiém hién truong

Hinh 3.3 : Phan tich viing phii séng tram 2G Phé Néi

() m

Time: 14:06:59.000

RxLevFull (dBm) - .Server: -73.3

Data Performance - RLC Layer
RLCBLER:0

oct BSIC_NZ'3
RxLev Full - .Server: -73.3
RxLev Full - N1: -81.5
RxLev Full - N2: -86.5
RxLev Sub - Server: -68
S/N1 Signal Ratio: 8.2

GSM Received Signal Quality

RxQualFull: 2
RxQualSub: 0

GSM Serving Info
Cell ID: 24152

S
3
2
Q
(ov.
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) [0 m
Time: 14:03:15.000
RxLevFull (dBm) - .Server: -65.6

Data Performance - RLC Layer
RLC BLER;

A Received Signal Level
CCH_.Server: 6
BCCH_N1: 4

BCCH_N2: 3

oct_BSIC .Server: 1
oct_BSIC_N1: 74

LLTT™

s
Soed

RxLev Full - N2: -73.5
RxLev Sub - .Server: -64.9
S/N1 Signal Ratio: -7.6

GSM Serving Info
ARFCN_TCH: 21
Cell 1D: 24152
ChType: 65

Y

o)
<
8
Q

f

0004M11_HYN(My-Hao-MHO_HYN1)

GSM Received Signal Quality bo " e —— \—.ka* _1‘,\__,
RxQualFull: 0.2 e veo, = v 6
RxQualSub: 0 o T,

2G-MHO004M11_HYN(My-Hao-MHO_HYNT)

*ee .

ee®

10N Oud

Hinh 3.4: Phan tich viing phi séng tram 2G Phé Néi

Qua phan tinh logfile do nhan thay : CELL2 va CELL3 khéng hanover véi nhau

duoc.

Phd',\

- Budc 4 : Check lai neighbor hé thong cua tram, thay khai bao du cac hudng.

Nhu vay : Pi loai trir duoc mot s6 truong hop lién quan dén khai béo thiéu

Neighbor.

- Budc 5 : Thyc hién onsite tai tram thay thé card CTU (Nghi ngo card khdng

dua canh bao nhung chat luong kém, hoic bj treo...). Thuc hién thay thé can

chinh card mai.

- Budc 6 : Theo doi danh gia lai KPI cta tram
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Bang 3.12 : Thong ké KPI sau xir ly tram 2G Phé N#i

Qo5 S0l chugn héa Digm 30l ) KPlguvio
) f [ 01| smz | 533 ] [ [ 1 I 0
SR
G Fesource | Aucessbii| Fetainabilt] Pesource | Acoessibill| Petainabit| Fizsous uﬁ.uai\: ail:lce Hecessibil| Retainabii
fealabilty| o y " B y
Tén Cell CellID o
ZGCA 2G04l | 2GCal 7| 25l | Complef | 2G-TCH || 25+ e
: 2GCel . ol ; Genp | 2G-Cal
pletin |, | Setup 35 | Completia | et 55 = | blacking | §SOCCH
fiwilability ching : Success | DropPate
Rate | nPate ; ate Al | rate | Blockiate
3 Rate-C5
@#n | % % " %o | dgbm | @En | @m | % " Y ¥ " Y %
2G_MHODD4MIZ_HYN 60565 5| 985784 | 396501 | JBEIES | MEMdd | 5 5 3| 99.36501 | 3347662 | 594536 | 00339 (| O | 99.47E6Z | 0563
2G_MHODD4MIZ_HYN 360564 LI = i 1 - I = Y 5 4 00| 59373269 | 59.7384) i 0 [99.73268 | 02007
2G_MHODD4MT_HYN 360366 5 |9325179| 39835 | 3941533 2| S 5 5 | 999835 | 3976735 | 938227 i 0105 | 39.76735 | 017724
20 MHANNAMIT Hh ARINRd g SARRRT L 999971 | QRRA1? | 97 90d7 £ g d 4999971 | 99.d5RAA 1 997744 ™ 10NR?3 [ 99d5R4 1 N7PAR

- Chi sb KPI CTU blocking rate di cai thién rd rét. QoS cac CELL cua tram da

dat 5 diém (murc ¢ chat lugng cao nhat)
3.3.2 Case xir ly ndng cao chdt lwong QoS tram 3G Xudn Quan - Vdn
Giang

Hién trang CELL 3G-VGG005M11_HYN bi badcell nhiéu tuan lién tiép,vi
pham chi tiéu KPI PS_CSSR kém chi dat 86.04% (chuan >95%), anh huong dén
chat lwong dich vu : Khach hang truy cap mang bi cham, khé thuc hién cac phién
data, anh huong dén QoS cua tram

Biang 3.13 : Théng ké KPI vi pham tram 3G Xuan Quan

TRANG | SONGAY | 0 TUAN
TEN CHLL LAC | (I |KPIVIPHAM LOAT |
v - - - o ¥ *Iv| THA~ ION TA~ TﬁN TA~

ENA Old 35 b]

=]

36 VGGOOSM11_HYN PS_CSSR,

e Dinh nghia gia tri PS_CSSR :

La ty Ié thiét l1ap phién data thanh cong.

Cell liét vao badcell khi thoa man diéu kién sau :
Nguwong : CS-CSSR <95 or CS-DCR > 3 or CS Intra-Freqg-HOSR < 95 or CS IF-
HOSR < 95% or CS Inter-RAT-HOSR < 95 or PS-ASR <95% or PS-DCR > 3% or



PS IF-HOSR < 95%
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HOSR_Attemp > 25 and PS data > 250Mb

o Dé xir ly 16i trén, can thuc hién cac bwéc xir Iy nhw sau:

hé thong. Nhan thay tram hoat dong binh thudng khdng canh bao

or PS Intra-Freq-HOSR < 95%; Call volumn > 50 and

Budc 1 : Thuc hién kiém tra thong ké canh bao vé phan ciing cua tram trén

— - |
[ &) nttp/127001:820/8753 ork/view/indexhtmi?2017.01.13.17&time=1627715464391 |
Configure Emergency OM Channel | Obtain Documentation List FTP Tool | Command Group Settings | Password | About | Lockup | System Settings | Logout |
| ML || Alarmvevent || Batch || Trace || Monitor || Device Maintenance || Self Test
¥ S Help
["Workspace | | [MML -~ [ asrmEvent - | 13
|| ["Browse | [ Query Log | ["Ouery Settings.
|Query Type: | Basc | [“Advanced'|
Type [¥] Query Al Alarms/Events Raised Within Time Range(YYYY/MMWDD HH:MM:SS)
¥| Event ¥| Cleared Alarm ¥| Active Alarm From: 202107731 12:18:47 V| to 2021/07/31 14:18:47 17\4
Severity V] Cleared Time(YY'YY/MMWDD HH MM SS)
V| Critical | Major. ] Minor | Waming tart Time: 20210771 121847 |¥]  Cleared End Time: [2021/07/31 14:18:47 | ]
Detailed Information X
Mg
Last Modified =
Cleared On =
Common =
Specialinfo = RAT_INFO=U, AFFECTED_RAT=U, DID=NULL, RF Unit
Name=S (
ranzal Query Reset | [ savear |
Location info = Cabinet No.=0, Subrack No.=80, Siot No.=0, Board
= Type=MRRU, Reset Cause=Board Power-off c = T = 3
esult: Root alarm CSN = civcal [l Major [l 12 " jarning
Type Maintenance Mode | | Raised On Last Modified | Cleared On Common
Clearance Type =
|| SyncSeraiNo. = 3260
Auto Clear =
[ Previous Next Soution... | [ Close
y

1927

NORMAL

2021-07-31 13:30:45

1920 | 26535 | AF Unt Starup

Hardware

Event

NORMAL

2021-07-31 12:23:16

Hinh 3.5 : Kiém tra canh bao caia tram 3G Xuan Quan

Budc 2 : Thong ké user bat tram theo khoang céch, nhan thay ving phii cua tram

rong, nhiéu UE & rat xa van an tram.

Bang 3.14 : Thong ké UE sir dung tram 3G Xuén Quan

Collane  |CelID| NoceBName | Integiy VS.T:]’.UE. VETRLE ] VS.T;'.UE. VS.T;'.UE. VS.TE'.UE. VS.TEP.UE. VS.EZ‘I.UE. VS.TﬂﬂSUEJ VS.;;.;.IEJ VSéTE%é.IE. VS.aTEEé.IE. VihTrlzﬁL;E
T3 VGGODSMILHYN [ 1348136 VGGIDEM HN % Bl 0 46607 et il okl i e 4 § 0 1
o VGRIIMIHIN | 1348236 VGROIM HYN W i Ll Ll 184 Ei 47 bl 0 i 1 1 1
35 VBRI HIN | 13483)36_VGROIM AN W Bl 1603 Wiy U [ il 504 1% FL b1 ! !
T VGRIIMILHIN | 13484)36_VGROIM HYN W i Pl Al fli i 0 0 7 ! 1 1 1
T5_VGGODRZHYN [ 12485/ 36_VGGIDM HN % P L% 5460 M M [l ] 4§ 2 1 1 1
5 VGGODSZ3 HYN [ 13486/ 36_VGEIDIM HN % 1193‘ 7399‘ L% T4 Lk AL it 4 4 4 4 3

Thuc hién vé route do

Budc 3 : Do kiém hién truong
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g G

|, [EClARS T'O"‘/\/NSHIQ"

Hinh 3.6 : Route do hién truwong
Tién hanh phan tich logfile do

(a Bat Trang E Q
331 2 '9).
Agg. Active RSCP (dBm) 5 Y
Agg. Active RSCP (dBm) 2 %,
£ %
& G
3 £
%
?
A
Nghia Trang )
°
%
%
8
b
T4
119
:g 36
265"
A
IR
82021 icosoh Corpraton, 82021 NAVTEQ, 82021 Image cougsyof NASA 2

Hinh 3.7 : Phéan tich vung phia séng tram 3G Xuan Quan
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Qua phan tinh logfile do nhan thdy : CELL1 cua tram Xuan Quan bi thiéu Neighbor
v6i CELL 3G-GLMO056M22_HNI cia Ha Noi dan dén khong hanover véi nhau
duoc.
Viing pha séng cia CELL rong, can diéu chinh cup anten lai

- Budc 4 : Check lai neighbor hé théng cua tram, thdy khai bao thiéu cip NB

trén

- LinhiNam

3G_GLMO56M22_HNI

Latitude 20.96682
Longitude 105.90627

Hinh 3.8 : Ban d6 cac tram dang hoat dong
- Budc 5 : Thuc hién onsite tai tram cup anten hudéng 1 cua tram tod MT 1
xudng 3
- Lién hé RNOC khai b4o b6 sung cap Neighbor thiéu trén va thyc hién do

kiém lai ving phu

- Budc 6 : Theo ddi danh gia lai KPI cua tram, Sau xir Iy CELL d3 hét badcell
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3.3.3 Case xir Iy bé sung tram mdéi tai cdac khu vwec song hé

* Panh gi4 chit lwgng tram 4G-VGG041M_HYN (Ba Khe) :

(i EE RO AT EIMEC Y % & 9

E D

/B B X rinslis: Tgnghap

shCommaton, 82022 NAVTED, 82222 image catesy of NASA

FTIERVGG_HNT

TANTENGG_HN

2222 MAVTEQ 82102 image soutesy o NASA

25

Serving cell RSRP

Thoughtput downlink

Hinh 3.9 : Vung phi séng cia tram 4G B4 Khé
Bang 3.15 : Thong ké KPI hé théng ciia tram 4G Ba Khé

E-
UTRAN
Initial
boshi vl
N Tén Ma Loai Théri Ciownlink Succpess Untilizin fen Succiss
cung * Tinh* 4  TénCELL * A 4 ENCDEB_ID* CELLID* 4 Average i 9 Traffic
F RNC VNP gian Ratio Rate Rate
cap Throughput B - Volume
(Kbps) being Downlink ©B) (CSSR)
P Subject (%) (%)
for CS
Fallback
(%)
Hune & i 532128-
HUAWEL o VGGO4IM-  VGGO41M11- 233008 1 Bost 2827779052  99.91853 11.75782 28912939 99.82377
HYN HYN 124
Hung 4O 4 [2332125
HUAWEL VGGO41M-  VGGO41MI2- 233008 12 s 2240828139  99.92678 11.6587 238.97992  99.80609
HYN HYN 12
Hons S e 532125
HUAWEl o VGGO41M-  VGGO41M13- 233008 13 sgop. 0371935257 100 3.04633 50.27877  99.84483
HYN HYN 0124

Danh gid Driving test

Panh gia KPI hé thong
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- Chét lwgng muc thu 6n dinh, s mau do

- Céc chi s6 KPI dam bao trong ngudng
c6 RSRP >= -110dbm (muc tiéu chuan)

cho phép, ca 3 Cell déu c6 luu luong
chiém trén 93%, viing phu séng hop 1y,

- Tbc d6 DL 3 cell dam bao > 20 Mbps
khong bi chéo cell...

* Panh gia chit lwong tram 4G-VGG040M_HYN (Ngoc Bé - Long Hung)

i 238"63 O iaplitin .uye")rw;';v!:‘:w 1k 1hos)
5§92
b 1
15
)] ¥
L5y )
| )
G '{;
v ©
i o
s
2192
a8
it ]
RGN
S0
530848
ieys.n
5?9 ! 61583
i U
78
HB05
It 13
%
7 4 )
ufls
m 9 140
122 Mistuch Caporsien, 82002 NAVTED, 82022 image castesy of KAGA R/ aserato, 82122 NAVTED, 02002 e ssummay of KAGA [y )
Serving cell RSRP Thoughtput downlink

Hinh 3.10 : VUng phii song ciaa tram 4G Ngoc B - Long Hung
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Bang 3.16 : Thong ké KPI hé thong ciia tram 4G Ngoc B6 - Long Hung

E:
UTRAN
Initial
Context Resource Call
User Setu Block Total Setu;
Nha " ;2 5 Downlink P Data P
A <. 4 Ten A :: A Ma ,  Loai, A s Thoi, Success Untilizing Success
cung Tinh Tén CELL ENODEB_ID CELL_ID Average Traffic
P RNC VNP NE gian Ratio Rate Rate
cap Throughput Volume
(Kbps) being Downlink (GB) (CSSR)
P Subject (%) %)
forCs
Fallback
(%)
une 26 aa 5321:
HUAWEI \:;\JV VGG040M-  VGG040M11- CELL 233007 :JP:\,‘J T 278624397 100 540731 95.59912 99.75019
E v 2022~
HYN HYN 01-24
2022-
hone 46 46- e
HUAWEI V:‘, 7 VGGO40M- VGGD4OM12- CELL 233007 12 5 6415.39077 99.90045 8.18869 10435728 99.69767
BN N HYN 9
i A8 4G
HUAWEI v':\l” VGGO40M-  VGG040M13- CELL 233007 13 38.79354 79207 4 1 22 Zl
- HYN HYN

banh gia Driving test Pénh gia KPI hé théng

- Chat lugng muc thu 6n dinh, s6 maudo - Céc chi s6 KPI dam bao trong

c6 RSRP >= -110dbm (mtc tiéu chuan) ngudng cho phép, ca 3 Cell déu c6

chiém trén 93%, viing phu séng hop 1y, lwu lwong

khong bi chéo cell. .. - Téc d6 DL 3 cell dam bao. Cell 2
phuc vu khu vuc ¢6 dan nén toc d6 cé

thap hon d6i chat
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* Panh gia chat lwong tram 4G-VGG042M_HYN (Pdi 6 Vinh khiic)

—

1002 Miewach Copaator B8 WA

Bl X | onettp: Bgten

JE55=00% X 4%

vl E €6y -%E @

el

1y MASA

AABAOT
@ Application Layer Throughput Downlink (kbps)

B [Min, 2000)

B [2000, 5000)
(5000, 7000)

B (7000, 10000)

(234) (942%)
(436) (18.25%)
(249) (10.445%)
(274) (1149%)

4

1 110000, 20000

(707) (25.65%)
(484) (203%)

Serving cell RSRP

Thoughtput downlink

Hinh 3.11 : Vung phi séng caa tram 4G DPgi 6 Vinh Khic

Bang 3.17 : Thong ké KP1 hé thong ciia tram 4G Ddi 6 Vinh Khiic

E-
UTRAN
Initial
Context Resource call
s User Setup Block Total Setup
Nhd s Tén Ma Loai Thoi Downiink Success Untilizing Data Success
cung * Tinh* Tén CELL + o 4 ENODEB_ID* CELL ID* % Average ! Traffic
cép RNC VNP NE gian Throughput RaFlo Rate ) Volunié Rate
(Kbps) belng Downlink ) (CSSR)
Subject (%) (%)
forCs
Faliback
(%)
2022-
HUNG ¢ ac 01-18
HUAWEI YEN VGG042M- VGG042M11- CELL 233009 " 2022- 31709.26888 99.85791 15.88716 476.0467 99.85673
HYN HYN 01-24
2022-
HUNG ¢ ac 01-18
HUAWEI YEN VGG042M- VGG042M12- CELL 233009 12 2022- 30284.14529 100 7.08668 139.07697 96.18493
HYN HYN 01-24
2022-
HuNG ¢ ac 01-18
HUAWEI YEN VGG042M- VGG0D42M13- CELL 233009 13 2022- 41421.29379 99.91751 7.67755 210.8627 99.86185
HYN HYN 01-24
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Pénh gia Driving test Panh gia KPI hé théng
- Chit lugng muc thu 6n dinh, s maudo - Céc chi sé KPI dam bao trong
c6 RSRP >= -110dbm (mtc tiéu chuan) ngudng cho phép, ca 3 Cell déu c6 luu
chiém trén 93%, viing phu séng hop 1y, lwong
khéng bi chéo cell. .. - Téc d6 DL 3 cell dam bao > 30
Mbps

* Panh gi4 chit lwgng tram 4G-MHO045M_HYN (KCNPN4)

o B ] X oot oty s HOY XA BTMEC Y% 8 @

Applicatson Layer Tiroughput Downliek (kbps)

Serving cell RSRP Thoughtput downlink

Hinh 3.12 : Vung phi séng caa tram 4G KCNPN4
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Bang 3.18 : Thong ké KPI hé théng ciia tram 4G KCNPN4

E-
UTRAN
Initial
Context Resource Call
Lser Setu Block ol Setuy,
Nha Tén Ma Loai Thoi Downlink Succpess Untilizin pata Succpess
cung * Tinh* 4  TénCELL * - 4 ENODEB ID* CELL_ID* “  Average 9 Traffic
p RNC VNP NE gian Throughput Ratio Rate Volume Rate
P ghp being Downlink (CSSR)
(Kbps) (GB)
Subject (%) (%)
forCs
Fallback
(%)
4G- 4G- 2l
i HUNG = % s 01-18 - o s - - sne ot oTo—
HUAWEI YEN MHO045M- MHO045M11- CELL 233006 1 2022 28331.5819 99.90099 83199 164.20992 99.96302
= HYN HYN £
01-24
2022-
4G- 4G- o
, HUNG = = 01-18 - G e = g o =
HUAWEI i MHO045M-  MHOOD45M12- CELL 233006 12 22283.4996 99.95712 15.04097 284.34154  99.90995
YEN . 2022-
HYN HYN
1-24
2022-
4G- o=
" HUNG 0 . 46 i 01-18- — T — T —
HUAWEI YEN MHO045M- MHO045M13- CELL 233006 13 2022 17913.37454 99.94542 21.24217 350.28255 99.87683
~ HYN HYN )
01-24

Pénh gia Driving test Panh gia KPI hé théng

- Chat luong muc thu 6n dinh, sé maudo - Cac chi s6 KPI dam bao trong

c6 RSRP >=-110dbm (mtc tiéu chuan) ngudng cho phép, ca 3 Cell déu c6 luu
chiém trén 93%, viing phu séng hop 1y, lwong

khong bi chéo cell. .. - Téc d6 DL 3 cell dam bao

* Panh gia chat lwong tram 4G-VLMO036M_HYN (Tan Ap -Lwong Thi)

—— —_— [y ——
'

1

"
) 9 I
S T \ 1

4 - !

W %
N
%
%
¥
Serving cell RSRP Thoughtput downlink

Hinh 3.13 : Vlng phii song caa tram 4G Tan Ap - Lwong Tai
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Bang 3.19 : Théng ké KPI hé théng cia tram 4G Tan Ap - Lwong Tai

E-
UTRAN
Initial
Context Resource Call
User Setu Block Total Setu
Nha " - » Downlink P . Data P
& sogc TON % - A Ma ., Loai, & . Thoi, Success Untilizing 4 Success
cung Tinh Tén CELL : ENODEB_ID CELL_ID Average Traffic
< RNC VNP NE = = gian Ratio Rate Rate
cap Throughput . Volume
boi being Downlink (CBi (CSSR)
P Subject (%) (%)
forCs
Fallback
(%)
2022
HunG 6 A ﬂ141‘f
HUAWE! VEN” VLMO36M-  VLMO36M11- CELL 233010 1 2n2 37531.76198 100 35283 687919 9978204
HYN HYN K
01-24
HuNG & a5
HUAWEI YEN VLMO36M-  VLMO36M12- CELL 233010 12 36319.72996 100 3.50302 62.33954 99.75958
- HYN HYN
2022:
HuNG 2 e o: 18
HUAWEI VEN 7 VLMO36M-  VLMO36M13- CELL 233010 13 2”1"2‘- 47819.06107 100 4.38799 116.23105 99.87288
E W 02!
HYN HYN 0124

- Chéat lugng muc thu 6n dinh, sé mau do
c6 RSRP >= -110dbm (mic tiéu chuan)

chiém trén 93%, viing phu séng hop 1y,

Danh gia Driving test

khong bi chéo cell...

Panh gia KPI hé thng

* Panh gia chat lwong tram 4G-YMY032M_HYN (Quang uyén)

- Céc chi s6 KPI dam bao trong ngudng
cho phép, ca 3 Cell déu c6 luu luong
- Téc d6 DL 3 cell dam bao > 30Mbps
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B e Cobon D s mswcsevatl |/

2

H

@ seving CllRSRP i} |

8 b

48

LT

() (]

==

Corpention, 82622 NAVTEQ. €2022 mage counesy o NABA. o

0 Applicaton Layer Throughost Downink tbps)
B o) (34) (3408

0 [2i06,50m0)  (436) 18.29%
(248)(16.44%)
(M) {1148%)

(266%)

1B Appiication Layer Theoughpat Dowiin (kbos)
1 Don,2000)
0 [2i00, 50m)

[sior, 70m0)

() (at20%)
(1) (163%)

]
i)

Serving cell RSRP

Thoughtput downlink

Hinh 3.14 : Vung phia song caa tram 4G Quang Uyén
Bang 3.20 : Théng ké KPI hé théng cia tram 4G Quang Uyén

E-
UTRAN
Initial
Context Resource Call
User Total
g : Setup Block Setup
Nha Tén Ma Loai Thoi Downlink Success Untiliziny ata Success
cung * Tinh* 4 TénCELL * A % ENODEB ID* CELLID* % Average 3 9 Traffic
£ RNC VNP Ratio Rate Rate
cap Throughput i Volume
b being Downlink o8 (CSSR)
(Kops) Subject (%) ) (%)
forCs
Fallback
(%)
Hung 48 e 532128
HUAWEI YEN YMY032M-  YMY032M11- CELL 233011 " 2022 40593.92057 99.95748 565693 14523734  99.84726
HYN HYN 0124
Hune 46 e 5?2125
HUAWEI YEN YMYD32M-  YMYD32M12- CELL 23301 12 2022 32706.03918 99.92354 8.58766 212.62044  99.61031
HYN HYN 0194
2022-
Hng o 01-18 -
HUAWEI VEN YMY032M-  YMYD32M13- CELL 233011 13 2022 4149522775 100 265912 4537315 99.85824
HYN HYN

01-24




Danh gia Driving test

- Chit lwong muc thu 6n dinh, s6 mau
do c6 RSRP >=-110dbm (muc tiéu
chuan) chiém trén 93%, ving pha song

hop ly, khéng bi chéo cell...
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Panh gia KPI hé théng

- Céc chi s6 KPI dam bao trong ngudng
cho phép, ca 3 Cell déu c6 luu luong
- Téc @6 DL 3 cell dam bao > 30Mbps

* Panh gia chat lwong tram 4G-MHO044M_HYN (Poc ¢ VN)
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Hinh 3.15 : Vlng phii song caa tram 4G Poc ¢ VN
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Bang 3.21 : Théng ké KPI hé théng ciia tram 4G Péc cd VN

E-
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Danh gia Driving test

- Chat luong muc thu 6n dinh, sé mau do

c6 RSRP >= -110dbm (muc tiéu chuan)
chiém trén 93%, vung phu séng hop ly,
khéng bi chéo cell

Panh gia KPI hé thng
- Céc chi s6 KPI dam bao trong ngudng
cho phép, ca 3 Cell déu c6 luu luong
- Tbc do DL 3 cell dam bao

3.3.4 Case xa Iy Swap trgm sang thiét bi méi L1800/L2100 (cong nghé méi)
* Panh gia chit lwgng tram 4G-MHO035M_HYN (KCN Dét May)

Trwdc swap :
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Hinh 3.16 : Vung phi song caa tram 4G KCN D¢t May trwéc swap
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Bang 3.22 : Théng ké KPI hé théng ciia tram 4G Dét May truéc swap

E-
UTRAN
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Hinh 3.17 : Vung phi séng caa tram 4G Dét May sau swap
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Bang 3.23 : Théng ké KPI hé théng cia tram 4G Dét May sau swap

Danh gia Driving test Panh gia KPI hé thong
- Chit luong muc thu cai thién sau - Céc chi s6 KPI 6n dinh sau swap, ca 3
swap, vung phi song sau swap hop ly,  Cell déu ¢6 luu lwong
nghi ngo bi chéo cac cell cia cing - Téc d6 DL thong ké tir hé théng da

huéng. PHTT d4 lién hé CTIN dé kiém  cai thién rd rét tir trung binh 18Mbps
tra va co6 huéng xir ly Ién gan 30 Mbps

- Téc do DL sau swap d cai thién
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* Panh gia chat lwong tram 4G-MHO018M_HYN (KCN Thiing Long)

Truwdc swap :
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Hinh 3.18 : Vung phi song caa tram 4G KCN Thang Long trwéc swap
Bang 3.24 : Thong ké KPI1 hé thong cia tram 4G KCN Thing Long truéc swap
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Sau swap :
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Hinh 3.19 : Vung phi séng caa tram 4G KCN Thing Long sau swap
Biang 3.25 : Théng ké KPI h¢ thong ciia tram 4G KCN Thiing Long sau swap
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Pénh gia Driving test Panh gia KPI hé théng
- Chét lwgng muc thu cai thién sau - Céc chi s6 KPI 6n dinh sau swap, ca 3

swap, vung phi song sau swap hop ly,  Cell déu c6 luu lwong

nghi ngd bi chéo cac cell caa cling - Téc d6 DL thdng ké tir hé théng da
huéng. PHTT d4 lién hé CTIN dé kiém  cai thién rd rét tir trung binh 17Mbps
tra va c6 huong xir ly Ién trén 22 Mbps

- Téc d6 DL sau swap d cai thién.

* Panh gia chat lwong tram 4G-YMY001M_HYN (Giai Pham)

Trwéc swap :
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Hinh 3.20 : Vung pha séng caa tram 4G Giai Pham trwéc swap



56

Bang 3.26 : Thong ké KPI hé théng cia tram 4G Giai Pham truéc swap
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Hinh 3.22 : Vung phi song caa tram 4G Giai Pham sau swap
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Bang 3.27 : Théng ké KPI hé théng cia tram 4G Giai Pham sau swap

E-
UTRAN
Initial
e B 2 G s
N . Tén o = s . M3, Loai, = X . Thé Downlink Success Untilizing Data success
cung Tin et Tén CELL i e ENODEB_ID CELL_ID - Average s oy Traf =
cip Throughp! Volume
s being Downlink o (cSsR
! Subject %) ¢ %)
forCS
Faliback
(%)
HY HY

- Chit lwgng muc thu cai thién sau swap,

vung phu séng sau swap hop ly, nghi ngo

Danh gia Driving test

bi chéo cac cell cia cung huéng. PHTT da

Panh gia KPI hé thong

- Céc chi s6 KPI 6n dinh sau swap, ca
3 Cell déu ¢6 luu lugng
- Téc d6 DL théng ké tir hé théng da

lien hé CTIN dé kiém tra va c6 hudng xtr Iy cai thién rd rét tir trung binh 10Mbps

- Toc do DL sau swap di cai thién

Ién trén 20 Mbps
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* Panh gi4 chit lwgng tram 4G-MHO003M_HYN (KCN PNA)

Truwdc swap :
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Hinh 3.23 : Vung phi song caa tram 4G KCNPNA trwéc swap
> R A A A A - Ie
Bang 3.28 : Thong ké KPI h¢ thong cua tram 4G KCNPNA trwéc swap
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Sau swap :
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Hinh 3.24 : Vung phi séng caa tram 4G KCNPNA sau swap
Bang 3.29 : Thong ké KPI h¢ thong ciia tram 4G KCNPNA sau swap
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Danh gia Driving test

- Chit lwgng muc thu cai thién sau swap,
vung phu séng sau swap hop ly, nghi ngo

bi chéo cac cell cua cung huéng. PHTT da

lin hé CTIN dé kiém tra va c6 hudng xu ly

- Téc d6 DL sau swap di cai thién

Panh gia KPI hé théng

- Céc chi s6 KPI 6n dinh sau swap, ca 3
Cell déu c6 luu lwong

- Téc d6 DL théng ké tir hé théng da
cai thién rd rét tir trung binh 10Mbps
Ién trén 20 Mbps

* Panh gia chat lwong tram 4G-YMY003M_HYN (Liéu X4)

Trwéc swap :
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Hinh 3.25 : Vung phi séng cua tram 4G Liéu Xa truwéc swap
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Bang 3.30: Thong ké KPI hé théng cia tram 4G Liéu X4 trwéc swap

E-
UTRAN
Initial
User Context Resource Total Call
" . Setup Block Setup
Nna Tén Loai Thoi Downimk Success Untilizin, D Success
cung * Tinh* 4 TénCELL * MavNe * ** ENODEBID* CELLID* ' * Average : 9 Traffic
) RNC gian Ratio Rate Rate
cap Throughput 5 . Volume
(Kbps) being Downlink (cB) (CSSR)
P Subject (%) (%)
forCS
Fallback
(%)
1-
Hne 4G ‘e fgzw
HUAWEI VEN YMY003M-  YMYOO3M11-  4GHYN004901 CELL 230047 1 2021- 15888.00099 99.94049 36.20597 1062.53267  99.83036
HYN HYN o
2021-
Hng  4& i 12-18
HUAWEI VEN YMY003M-  YMY003M12- 4GHYN004902 CELL 230047 12 2024 8738.71822 99.9616 57.29091 1421.28627 99.67329
HYN HYN i
2021-
Hng & i 12-18
HUAWEI VEN YMYOO3M-  YMY003M13- 4GHYNO04903 CELL 230047 13 20214 22314.43626 99.89331 19.96014 479.8947 99.75077
HYN HYN 1224
— Uasing” $r o T : T srsoureson: | <oem> /B W) X et gy BIEE-ZY 1ok *ﬁ‘b't@v € 5
i Hikp '81-7 by O Sening Cel RSP (dBn) | i
'531 i B[00 (6 (05%) || w1 it @ Agplcatios Layer Throughput Downlink(bos) |
2 [0 {81 [um}‘ B [Min2000)  (234) (9482%) |
10,5 (1014) (B37%) 1 0 [2000,5000)  (436) (18.29%)
Foh20)  (1929) ssaee) o (5000, To0n)  (249) (10.44%)
B D G | of I {7000, 10008)  (24) (1149%)
3 PR
Wseingeliss(n) | i I W oo, 2o0) (07)2946%) ‘
Btk -0 (32)(168%) k)L of L0 Eoene o0 (09%) |
Fm40) () (48) vghia i 1334 86 W Agplcation ayer ThoughputDonlinkbgs) |
B () (s B Mo2000)  (49) (744%) |
- DO () B oo 5000) ) (577%)
o I A B i (5000 (44) (646%)
g8 ! @ Servng RS )

[-110,4100) (110} {107%)
(100, 40) - (30) (3L34%)
[H07)  (56) (54)
b 9 (5%

082 o B (o0 M

1 [7000, 10000)  (103) {26.07%)
B {10000, 20008) (333) (51.95%)
(75) (117%)

0 [Min, 2000)
B [2000,5000)
5008, 7000)
W {7009, 10000)
B [10030,20008) (137) (2:42%)

(25) (573%)
(93) (20.33%)

(8) (183%)
(22) (505%)

2 291949 60Molmomqumaughwnvunhrk{kbﬂs) |

B v, e (151) (443%)
1498 S B8E7Z Sea
2048:5'0
g naf
N
Wlkmti‘mwmm"::ﬁmhvwm&m o o el -~
= — o6, con: e oms0sm  image e 9420057 e Tne: 120341000
Serving cell RSRP Thoughtput downlink

Hinh 3.26 : Vung phi séng cua tram 4G Liéu X4 sau swap




62

Bang 3.31 : Théng ké KPI hé théng ciia tram 4G Liéu X& sau swap
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Danh gia Driving test

- Chat lugng muc thu cai thién sau swap,

vung phu séng sau swap hop ly,

- Téc @6 DL sau swap di cai thién

Panh gia KPI hé thng

- Céc chi sb KPI 6n dinh sau swap, ca 3
Cell déu c6 luu luong

- Tdc do DL théng keé tir hé thong da cai
thién ro rét tur trung binh 15Mbps 1én trén
30 Mbps
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3.3 K&t luan chwong 3:

Chuong 3 d3 danh gia duoc thyuc trang mang di dong tai Hung Yén vé dién
tich, s6 luong tram di dong hién dang hoat dong, danh gia ban kinh phuc vu, danh
gia vé ty 1& phan anh khach hang theo huyén, théng ké cac chi s6 QoS/QoE cua tirng
huyén, thong ké sb luong cell c6 chi sé theo céc mirc diém tir 1 dén 5.

Dua vao phuong phap t6i wu héa da nghién cttu ¢ chuong 2, hoc vién da ap
dung trién khai mot sb case xu ly thuc té tai khu vuc c6 chat lugng séng kém can téi
uu.

Noi dung chuong ciing da trinh bay chi tiét c6 danh gia chat lugng trudc va
sau khi trién khai mot s giai phép ky thuat dé nang cao chéat luong mang

Vinaphone tai Hung Yén.
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KET LUAN VA KHUYEN NGHI

Luan van da nghién ctru duoc chi sé6 QoS/QOE, cong thiic tinh ciling nhu dua
ra dugc phuong phéap tdi wu hoa QoS/QoE dua trén cac tham s thanh phan; wng
dung nang cao chat luong mang vinaphone tai VNPT Hung Yén

Huéng phét trién tiép theo cua luan van dé 1a huéng téi Nghién ctu cac chi
sb lién quan trai nghiém khach hang (CEI) tir cac UXI duoc xay dung tir nhidu KPI
thanh phan méi : Video Buffering Rate; Initial Buffering Time, Success Sending
Message, Page Loading Time...

Luan van cting hudng téi viéc nghién clru sau hon anh hudéng cua cic tham

sb quan trong dén chat luong QoS/QoE : chi sé6 CQI 3G, chi s6 CQI 4G...



65

TAI LIEU THAM KHAO
Tai liéu tiéng Vigt
[1] Tap doan buu chinh vién thong Viét Nam, (2019), B chi tiéu chdt lirong mang -
dich vu.
[2] Tap doan buu chinh vién thong Viét Nam, (2020), Bé chi tiéu mang QoS,QoE.
[3] Quéach Thanh Tam, (2018), Nghién cizu bg chi tiéu KPI mang 4G va ung dung
trong danh gid chat lrong mang 4G, Luan vin thac si k§ thuat, Hoc vién cong nghé

buu chinh vién thong, 66.

Tai liéu tiéng Anh

[4] D. Soldani, M. Li, R. Cuny, (2016), QoS and QoE Management in UMTS
Cellular System, John Wiley & Sons Ltd.

[5] OFCOM, (2014), Consumer experiences of mobile phone calls.

[6] OFCOM, (2013), Measuring mobile voice and data quality of experience.

Websites
[7] S Lao dong, Thuong binh va Xa hoi tinh Hung Yén, (2016), Sé liéu thong ké
vé Dan sé va Lao déng

<http://hungyen.gov.vn/portal/Pages/2017-3-17/So-lieu-thong-ke-ve-Dan-so-

va-Lao-dongb71wk8.aspx>



http://hungyen.gov.vn/portal/Pages/2017-3-17/So-lieu-thong-ke-ve-Dan-so-va-Lao-dongb71wk8.aspx
http://hungyen.gov.vn/portal/Pages/2017-3-17/So-lieu-thong-ke-ve-Dan-so-va-Lao-dongb71wk8.aspx

