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MO PAU

Thong tin di dong hién dang 1a mot trong nhitng nganh cong nghiép vién thong
phat trién nhanh nhat theo nghién ctru thi dén hét nam 2015 s6 luong thué bao di dat
t6i con s6 4.7 ti thué bao di kém véi d6 1a khoang 7.6 ti két ndi di dong trén toan cau,
doanh thu cua cac nha cung cép da dat hon 1.000 ti d6 va du kién s& con tiép tuc tang
truong manh trong giai doan tir 2015-2020. Cing v6i su phat trién cia sd lwong két
ndi va thué bao 1a su phat trién cua céc loai hinh dich vu doi hoi tbe do cao, bang
thong 16n, yéu cau thoi gian thuc véi do tré nho ngay cang tré nén pho bién va 3G
da khong con dap ing duge mot cach day du cac tidu chi trén. Do d6 viéc phat trién
mang va dich vu vién thong 4G (LTE/ LTE Advanced) 13 vo cing can thiét va la tat
yéu cho tat ca cac nha cung cip dich vu hién nay.

Hién nay 4G da va dang duoc trién khai rong rai trén toan bd 1anh thd Viét Nam,
Nhu ciu bang thong rong, toc do cao ngdy cang ting va mang 4G LTE dap tng dugc
cac yéu cau cong nghé di dong bang rong. Tdi vu ving phil 1a mot cong viée thuong
xuyén va dinh ky trong qua trinh khai thac, van hanh mang di dong. Mgt vung phu
yéu s& cho két qua chat lugng dich vu kém. Dya trén két qua do kiém phat hién cac
vung phi ¢6 tin hiéu yéu, tbc do bit thip. Panh gia chat lugng ving pha dya trén bo
tham s6 do kiém mang duoc goi 1a KPI do kiém. Pé tai “TOI UU MANG TRUY
NHAP VO TUYEN 4G VNPT sé& di vao trinh bay cac budc toi vu hoa hé thong, xay
dung quy trinh t6i vu hod mang truy nhap vo tuyén 4G. Bai luan vin sé cung cip cach
van hanh, thay ddi tham sd mang 4G trén ca 3 nha san xuét thiét bi 4G Huawei, Nokia,

Ericsson.

B cuc ctia luan vian gdm c6 3 chuong nhu sau:
Chuong 1: Tong quan mang di dong 4G tai VNPT.
Chuong 2: Quy trinh t6i vu mang truy nhap vo tuyén 4G.
Chuong 3: Thyc hién t6i wu hoa mang truy nhap 4G cho nha mang VNPT.



Dé hoan thanh luin van nay, to1 xin bay té su cam kich dac bi¢t to1 cac th?ly co
khoa Quéc té va Pao tao sau Pai hoc Hoc vién Cong nghé Buu chinh vién Thong
nhitng nguoi dd cung cap cho toi kién thirc chuyén sau, tai liéu quy bau vé linh vuc
vién thong ndi riéng va cong nghé thong tin truyén théng néi chung.

T6i xin bay to 161 cam on sau sic dén thay huéng dan truc tiép luan vin TS. Nguyén
Ptic Nhan, ngudi di truyén day cho ti cac kién thirc chuyén nganh vién thong tir
nhitng ndm ngdi trén ghé dai hoc, ngudi ciing di danh nhiéu thoi gian va tim huyét
giup t61 hoan thanh luan van nay.

Tbi xin chan thanh cam on Ban lanh dao Hoc vién Buu chinh — Vién Thong, cac
thﬁy co trong khoa Quéc té va sau Pai hoc, cam on ¢d cha nhiém Lé Cam Thuan di
gitip d& va tao diéu kién cho toi trong sudt qua trinh hoc tap.

Sau cung, t6i xin t6 1ong biét on dén cha me, ngudi than va ban bé da ludn bén
canh ung ho, ddng vién t6i trong cudc sdng ciing nhu trong thoi gian hoan thanh luan
van thac si.

Do han ché cua ban than va sy han hep vé thoi gian, luan van khong tranh duoc
sai sot, toi mong nhan duoc sy théng cam va dong gop y kién cta cac thay co va cac
hoc vién.

Xin chan thanh cam on!



CHUONG I. TONG QUANG MANG DI PONG 4G TAI VNPT.

1.1. Tong quan mang 4G LTE.

Tién hoa dai han (LTE Long Term Evolutlon) 1a thé hé tiép theo trong cong nghe
di dong dua trén hé thng vién thong di dong phd cap hién nay / truy cép géi téc do
cao (UMTS / HSPA). Chuan LTE nhdm muc tiéu téc do dit liéu cao hon, hiéu qua su
dung phé cao hon, d0 tré thép hon, bang thong kénh linh hoat va chi phi hé théng SO
v6i ngudi tién nhiém cua né. LTE duoc coi 1a md ra thé hé thir tu (4G) trong thong
tin di dong. N6 duoc goi la da phuong tién di dong, moi lic, moi noi, véi ho trg di
dong toan cau, Giai phap khong day tich hop va Dich vu ca nhén tiy chinh LTE s&
dwa trén giao thiic internet (IP), cung cap thong lwong cao hon, bing thong rong hon
va ban giao tdt hon trong khi van dam bao céac dich vu lién mach trén cac khu vuc
duoc bao hiém véi sy hd tro da phuong tién.[3]

Céc déc tinh co ban cia LTE
> Hoat dong ¢ bang tan: 700 MHz-2,6 GHz
> Téc do
e DL: 100 Mbps (6 BW 20 MHz).
e UL: 50 Mbps véi 2 anten thu mdt anten phat.
> Do tré: nho hon 5 ms.
> Do rong BW linh hoat:1,4 MHz; 3 MHz; 5 MHz; 10 MHz; 15 MHz; 20 MHz. H6
trg ca 2 truong hop do dai bang 1én va bang xudng bang nhau hoic khong.
> Tinh di dong: Téc do di chuyén tdi wu 1a 0-15 km/h nhung van hoat dong t6t voi
tdc d6 di chuyén tir 15-120 km/h, ¢6 thé 1én @& én 500 km/h tuy bang tan.



> Pho tan sb:

e Hoat dong & ché d6 FDD hodc TDD

e DO phu song tir 5-100 km

e Dung luong 200 user/cell ¢ biang tan 5 MHz

» Chéat luong dich vu:

e HJ tro tinh ning dam bao chit luong dich vu QoS.

e VoIP dam bao chat lugng am thanh tot, tré t6i thiéu thong qua mang
UMTS.

= Lién két mang:

4 Kha nang lién két véi cac hé thong UTRAN/GERAN hién c6 va cac hé
thdng khong thudc 3GPP ciing s& duoc dam bao. Thoi gian tré trong viéc
truyén tai gitra E-UTRAN va UTRAN/GERAN s& nho hon

4 300 ms cho céac dich vu thoi gian thuc va 500 ms cho cac dich vu con lai.

=  Chi phi: chi phi trién khai va van hanh giam.

Mang LTE c6 thé hoat dong trong bat ctr dai tAn duoc st dung nao cua 3GPP. N6 bao
gdm bang tan 15i ciia IMT-2000 (1.9-2 GHz) va dai mé rong (2.5 GHz), ciing nhu tai
850-900 MHz, 1800 MHz, pho AWS (1.7-2.1 GHz),... Bang tan chi dinh duéi 5 MHz
duoc dinh nghia bai IUT thi pht hop voi dich vu IMT trong khi cac bang tan 16n hon
5SMHz thi st dung cho cac dich vu co tdc d6 cuc cao. Tinh linh hoat vé bang tan cla
LTE c6 thé cho phép cac nha san xuat phat trién LTE trong nhiing bang tan da ton tai

cua ho.

1.2. Kién triic mang 4G LTE/LTE Advanced.

Kién tric mang LTE duoc thiét ké voi muc tiéu ho trg hoan toan chuyén mach
g6i vai tinh di dong linh hoat, chat lugng dich vu cao va do tré ti thiéu. Vi mot thiét
ké phang hon, don gian hon, chi v6i 2 nat cu thé 1a eNodeB va thuc thé quan 1y di
dong MME (Mobility Management Entity). Phan diéu khién mang vo tuyén RNC
dugc loai bo va thay vao d6 churec nang ctia n6 sé dugce thuc hién trong cac eNodeB.

Hinh 1.1 dudi ddy mo ta kién trac va cc thanh phan ctia mang LTE. Kién trac cua



mang vé co ban dugc chia thanh cac phan chinh bao gdm: mang truy nhap vo tuyén
E-UTRAN (Evolved UMTS Terrestrial Radio Access Network), mang truyén tai luu
luong MAN-E,mang 161 EPC (Evolved Packet Core), vung dich vu (Services
Domain).[1] [2]
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Hinh 1. 1 Kién tric mang thong tin di dong 4G-LTE ciia VNPT

1.2.1. Mang truy nhip vo tuyén E-UTRAN.

Mic da UMTS, HSDPA va HSUPA cuing cic phién ban phat trién ctia chung da
c6 thé cung cap truyén tai dir lidu v6i toe do cao, sir dung dir liéu khong day. Tuy
nhién do nhu cau cua cac dich vu va ndi dung trén dudng truyén doi hoi cac nha mang
phai c6 tc dd nhanh hon nhung lai phai giam chi phi cho nguoi sir dung tai dau cudi.
Do d6 3GPP da phat trién mot giao dién vo tuyén méi dé dap ing cac nhu cau nay.
E - UTRAN (Evolved UMTS Terrestrial Radio Access) da ra doi va la phién ban
nang cip cta giao dién v tuyén cho cac mang di dong.

% Cac tinh ning cia E - UTRAN:
- Pbi v6i hé thong LTE tde d6 tai xudng 16n nhat co thé dat toi 300 Mbit/s (voi
hé thong MIMO 4x4 anten), 150 Mbit/s (voi hé théng MIMO 2x2 anten) voi do



rong bang tan 20 MHz. Con d6i véi hé théng LTE - Advanced sir dung MIMO
8x8 anten tdc do tai xuéng 16n nhét ¢ thé dat téi 3000 Mbit/s trén bang tan c6 do
rong 100 Mhz.
- Béi v6i hé thdng LTE tdc d6 tai 1én lon nhét ¢ thé dat t6i 75 Mbit/s v6i bang
tan 20 MHz, con véi LTE - Advanced thi c6 thé 1én t6i 1500 Mbit/s voi bing tin
100 Mhz.
- Tr& truyén tai dir liéu thap (khoang Sms cho cac goi IP nho trong diéu kién tdi
uu), thoi gian tré cho viée chuyén giao va thoi gian thiét 1ap két ndi ciing thap
hon.
- Hd tro cho cac thiét bi dau cudi di chuyén vai toe do cao co thé 1én téi 350 - 500
km/h tiry thudc vao bang tan.
- H6 tro ca FDD va TDD song cong, FDD ban song cong cho cting mot cong nghé
truy nhap vo tuyén.
- Hb trg cac bang tan dang dugc st dung cho hé thong IMT theo ITU - R.
- Bang thong linh hoat: 1.4 MHz, 3 MHz, 5 MHz, 10 MHz, 15 MHz, 20 MHz déu
da duoc chuan hoa.
- Tang hiéu qua st dung tan sb co thé 1én t6i 2-5 1an so voi trong 3GPP (HSPA)
phién ban 6.
- Hb tro cac cell c6 ban kinh tir vai chuc met (femto va pico cell) cho t&i 100 km
(marco cell).
- Kién tric don gian: vé phia mat phang mang ctia E - UTRAN duoc tao nén chi
bang cac eNodeB.
-HOb tro tuong tac vdi cac hé théng khac (nhu GSM/EDGE, UMTS, CDMA 2000,
WIMAX...).
- E - UTRAN la giao dién v6 tuyén chuyén mach goi.

% User Equipment (UE).

UE 1a thiét bi dau cudi ma ngudi sir dung ding dé két ndi. Thong thuong UE la
cac thiét bi cAm tay nhu dién thoai thong minh hodc céc card dir liéu dugc st dung

nhu trong 2G va 3G. UE thuong c6 mdt module dé nhan dang thué bao goi la USIM



(Universal Subscriber Identity Module), ddy 1a mot module riéng biét v6i cac phan
con lai ciia UE thudng duoc goi 1 thiét bi dau cudi TE (Terminal Equipment). USIM
thuong dugc str dung dé nhan dang va xac thyc thué bao va dung cac khda bao mat
cho viéc bao vé truyén tai trong giao dién vo tuyén. Chirc ning chinh ctia UE 1 nén
tang cho cac tng dung két ndi, gitip cho tin hiéu két ndi v6i mang duoc thiét 1ap, duy
tri va ngat khi ngudi str dung yéu cau. Diéu nay bao gdm céc chirc ning quan Iy tinh
di dong nhu chuyén giao, thong béo vi tri cia thiét bi va nhirng viéc d6 s& duoc UE
thuc hién theo cac chi ddn cia mang. Churc ning quan trong nhit c6 1& 1a UE cung
cap giao dién nguoi sir dung - cac tmg dung t6i cho ngudi st dung.

+ ENodeB.

E - UTRAN don gian c6 thé hiéu 1a mot mang cac ENodeB két ndi v6i nhau,
cac ENodeB duogc phin bd khip cac ving phu séng ctia mjang. ENodeB 13 tram gdc
moi phat trién tir NodeB trong UTRAN ciia UMTS va 13 nat mang duy nhét trong
mang truy nhap vo tuyén E - UTRAN. ENodeB vtra thuyc hién chic ndng nhu mot
NodeB binh thudng vira thuc hién chirc ning diéu khién nhu RNC (Radio Network
Controller), viéc don gian héa kién tric nay cho phép giam thoi gian tré trong cac
hoat dong cua giao di¢n vo tuyén.ENodeB hoat dong nhu mot cau ndi 16p 2 gitra UE
va mang 16i EPC, ENodeB la diém két thuc cua tat ca cac giao thirc vo tuyén vé phia
UE va chuyén tiép dit liéu gitra két ndi vo tuyén va cac két ndi IP tuong tng vé phia
EPC. Trong vai tro nay cac EnodeB thyc hién viéc nén/giai nén céac tiéu dé 1P, ma
hoa/giai ma céc dit liéu trén mat phiang ngudi sir dung.[10]

% Cac giao dién két ndi ciia ENodeB:

- ENodeB két ndi voi thiét bi ctia nguoi st dung thong qua giao dién LTE - Uu
bang giao thirc OFDMA (theo hudng xudng) va giao thic SC - FDMA (theo huéng
1én).

- ENodeB két ndi véi thuc thé quan 1y di dong MME thong qua giao thirc S1 -
AP trén giao dién S1 - MME (hay SI - C) cho cac luu luong ctia mit phang diéu
khién.



- ENodeB két nbi véi Serving Gateway (S - GW) thong qua giao thic GTP - U
trén giao dién S1 - U cho cac luu lwong ciia mit phiang ngudi sir dung.

- Ca 2 giao dién S1 - MME va S1 - U duogc goi chung la giao dién S1 la giao
dién két ndi tir ENodeB t6i mang 161 EPC.

- ENodeB sir dung giao thitc X2 - AP trén giao dién X2 dé két ndi voi cac
ENodeB khac.

% ENodeB ciing thuc hién nhiéu cac chirc niing trén mit phing diéu khién:

- Quan ly tai nguyén vo tuyén RRM (Radio Resource Management): diéu
khién viéc sir dung tai nguyén trén cac giao dién vo tuyénnhu phan b tai nguyén dwa
trén yéu cAu, cAu hinh va 1ap lich luu lugng theo céc yéu cau QoS, lién tuc giam sat
viéc str dung tai nguyén trén giao dién vo tuyén.

- Quan ly tinh di dong MM (Mobility Management): do dac va phan tich mtrc
d6 tin hiéu trén cac két ndi vi UE, quan 1y cac UE trong ving phu song ciia ENodeB,
két ndi toi cac ENodeB khac dé trao d6i cac théng tin chuyén giao giita ENodeB d6
va MME, lya chon MME khi ¢6 yéu cau tir mot UE, cung cép dir liéu mat phéng
ngudi st dung téi cac cong dich vu S - GW. Cac ENodeB c¢6 thé phuc vu dong thoi
nhiéu UE trong ving phu séng ciia né6 nhung mdi UE chi dugc két ndi t6i mot
ENodeB trong ciing mot thoi diém. Mot ENodeB c6 thé két ndi t6i nhicu MME va S
- GW nham muc dich phan tai va du phong, tuy nhién mdi UE chi dugc phuc vu bdi
mot MME va S - GW tai mét thoi diém va ENodeB phai chiu trach nhiém vé viéc

dinh tuyén ciing nhu phai duy tri viéc theo ddi cac lién két nay.

1.2.2. Mang MAN-E.

Hién tai, VNPT dang ap dung mé hinh cau tric MAN-E trén mang NGN (Next
Generation Network). Mang NGN dugc dinh nghia 1a mang c6 ha tang thong tin duy
nhét dua trén cong nghé chuyén mach goi, trién khai cac dich vu da dang, nhanh
chong, dép tng su hoi tu gitra thoai va dir liéu, gitra ¢ dinh va di dong. Mang NGN
thuc hién quan Iy mang mot cach tu dong, tap trung, don gian va ho trg tinh cudce linh

hoat.



Mang MAN Ethernet thuc hién chtc ning thu gom luu lugng va dap umg nhu ciu
truyén tai luu luong cho cac thiét bi mang truy nhap. Mang MAN-E c6 kha ning cung
cép két nbi truy nhap Ethernet (FE/GE) t&i khach hang, bén canh d6, Mang E- MAN
duoc t6 chire thanh mang 161 va mang truy nhap va dugc str dung cho cac don vi c6
céc tuyén cap quang chua duoc trién khai chwa day du. Trong trudng hop cac don vi
da trién khai 1ap dat sin cac tuyén cap quang thi khi xay dung cdu hinh E-MAN s& sir
dung cAu hinh muc tiéu. CAu hinh nay c6 uu diém 14 c6 ludn dam bao dd an toan

mang cao trong trudng hop xay ra su ¢b hong node hodc dirt cap quang trén tuyén.[22]

1.2.3. Kién triic mang 16i LTE (EPC - Evolved Packet Core).

Mot trong nhitng thay d6i 16n nhat trong kién tric mang LTE Ia trong khu vuc
mang 15i chi str dung mot phuong thirc chuyén mach duy nhét d6 1a chuyén mach goi.
Kién truc cta mang 161 EPC hudng téi 1a mét kién trac don gian, mot kién trac all —
IP cung véi viéc phan chia luu lugng theo cic mit phang diéu khién va mit phang
nguoi st dung, hd trg tdc do cao hon va tré nhoé hon nhung lai gidm dugc chi phi.
Céc thanh phan ctia mang 16i EPC bao gdm:

% Thuec thé quan Iy tinh di ddng MME (Mobility Management Entity).
Thuc thé quan 1y tinh di dong MME 1a thanh phan diéu khién chinh trong

mang 161 EPC. Thong thuong MME 1a cac mdy chuduoc dat tai mot vi tri an toan cua
nha cung cidp. MME chi hoat dong trén mit phang diéu khién va khong tham gia vao
viéc truyén ditliéu trén mat phang nguoi st dung Nhu ching ta di thay trong kién
tric cua LTE rang khong co cac giao dién két ndi truc tiép tir MME t&i UE tuy nhién
MME c6 mét két ndi logic truc tiép toi UE trén mat phang diéu khién, két ndi nay
dugc st dung nhu mot kénh diéu khién chinh gitra UE va mang. Céc chirc nang chinh
ctia MME bao gom:

Xic thue va biao mat: Khi mot UE ding ky vao mang lan dau tién, MME s& thuc
hién viéc khéi tao viéc xac thuc theo cac budc sau: dau tién MME s& tim kiém dinh
danh thuong tra cia UE tir cac mang khéc hodc tir chinh UE, sau d6 yéu cau tir may
chi quan 1y thué bao thuong tri trong mang chu ciia UE céc vector xac thuc c¢6 chira

cac cdp tham so6 xac thuc c6 dang yéu cau - dap ung; gui cac yéu cau téi1 UE va so
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sanh dap rng nhan dugc tir UE v61 mét dap ing nhan dugc tir mang chi. Churc nang
nay 1 can thiét dé dam bao rang UE ding 1a thiét bi ma MME dang can xéc thuec.
MME c6 thé 1ap lai viéc xac thuc khi can hodc theo cac chu ky. MME sg tinh toan dé
tao ra cac khda ma hoda va khoa bao vé€ toan ven tir cac khoa chinh nhan dugc trong
cac vector xac thuc cua mang chu, va no sé diéu khién cac thiét 1ap lién quan trong
mang truy nhap v6 tuyén E - UTRAN cho cic mit phang diéu khién va mit phing
nguoi st dung mot cach riéng biét. Dé bao vé su riéng tu cia UE, MME s€ cung cép
cho méi UE mot dinh danh tam thdi Globally Unique Temporary Identity (GUTI),
diéu nay giup cho viéc giri cac dinh danh thuong tra ciia UE - International Mobile
Subscriber Identity (IMSI) trén giao dién vo tuyén dugc t6i thiéu hoa. Cac dinh danh
GUTI c6 thé duoc c?ip lai theo dinh ky dé ngan chan viéc theo doi UE khong dugc
xac thuc.

Quan ly tinh di dgng: MME theo doi vi tri cua tat ca cac UE trong khu vuce dich vu
ctia n6. Khi mét UE 1an dau tién dang ky vao mang, MME tao mt muc cho UE va
tin hiéu va bao hiéu vi tri téi may chi HSS trong mang chu ciia UE. MME yéu ciu
cac tai nguyén thich hop cho viéc thiét 1ap tai ENodeB ciing nhu tai S - GW ma no
da chon cho UE. MME diéu khién viéc thiét lap va giai phong tai nguyén dua trén sy
thay doi trang thai hoat dong ciia UE. MME ciing tham gia vao viéc diéu khién tin
hiéu cho viéc chuyén giao thong tin trang thai hoat dong ctia UE gitra cdc ENodeB,
S - GW hodc cac MME khic. MME ciing c6 lién quan t&i moi sy thay ddi cua
ENodeB, boi vi n6 khéng c6 cac RNC riéng biét dé gidu di cac su kién thay d6i nay.
Mot UE nhan r6i s& bao céo vi tri ciia n6 hoic 1a theo dinh ky hoic 1a khi né di chuyén
vao mot ving theo ddi (Tracking Area) khac. Néu dit liéu dugc nhan tir cic mang
ngoai cia mot UE ranh rdi, thi MME s& duoc thong bao va yéu cau cac ENodeB trong
vung theo doi luu trir lai céc thong tin d6 trong muc cua UE.

Quin 1y hd so thué bao va dich vu két ndi: Tai thoi diém mot UE ding ky vao
mang, MME c¢6 trach nhiém 14y ho so thué bao tir mang chii va luu trir théng tin nay
trong sudt thoi gian phuc vu UE. Ho so ndy sé& xac dinh cac két ndi PDN (Packet Data
Network) s& duoc cip cho UE dé két ndi vao mang. MME s& tur dong thiét 1ap song
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mang mic dinh dé co thé cung cip cho UE cac két ndi IP co ban. Piéu ndy bao gdm
bao hiéu trén mat phang diéu khién véi ENodeB va S - GW. Tai bat ky thoi diém nao
sau ndy, MME can phai tham gia vao viéc thiét 1ap cac song mang danh riéng cho cac
dich vu diéu d6 s& c6 hiéu qua trong viéc xur ly nhanh hon. MME c¢6 thé nhan cac yéu
cau thiét 1ap song mang danh riéng hodc 13 tir S - GW néu nhu yéu cau duoc xuat
phat tr viing dich vu cua cac nha cung cép dich vu hoac truc tiép tr UE néu nhu UE
yéu cAu mot két ndi cho mot dich vu ma khong biét duge cung cép boi vung dich vu
cua nha cung cép dich vu nao, va khong thé khoi tao duge tir d6.[10]

% Cong phuc vu S - GW (Serving gateway).
Trong kién tric co ban cua hé thong, tai muc high level chiic nang cua S - GW

d6 1a quan 1y cac dudng ham va viéc chuyén mach trén mat phiang ngudi st dung. S
- GW 1a mot trong nhiing thanh phﬁn trong co so ha tﬁng mang dugc khai thactai mot
vi tri trung tim trong mang cua cac nha cung cap dich vu.

% Cong mang dir liéu go6i P - GW (Packet Data Network gateway).
P - GW la cac by dinh tuyén bién gitra EPS va cac mang chuyén mach goéi khéc.

Thong thuong P - GW hoat dong nhu mot nut IP (IP point) dugc gén voi UE, né thuc
hién céc churc nang chon va loc Iuu lugng di qua theo yéu cau cua dich vu. Tuong tu
nhu S - GW, cac P - GW ciing dugc khai thactai mét vi tri trung tdm trong mang cua
cac nha cung cép dich vu.

% PCREF (Policy and Charging Resource Function).
PCRF la mot thanh phan cua mang dé dép tmg cho chirc nang diéu khién chinh

sach va tinh cudc. No s€ dua ra cac quyét dinh cho viéc xtr Iy cac dich vu nhu thé nao
theo QoS, va cung cép cac thong tin tdi cac PCEF dugc dat trong P - GW, va ap dung
cho ca cac BBERF dugc dit trong S - GW nham muc dich thiét 1ap cac song mang
va chinh séch tuong tng. PCRF la mgt may chu thuong dugc dat cung voi cac thanh
phﬁn khéc ctia mang 151 tdp trung tai mot vi tri ciia nha cung cép dich vu.

% May chii thué bao thwong tria HSS (Home Subscriber Server).
May chu thué bao thuong trt HSS 1a noi luu trlr dir li€u thué bao cua tat ca cac

thué bao co6 dinh. No cling ghi lai vi tri ciia nguoi st dung doi véi cac nit di€u khién

mang ma ngudi sir dung da két ndi toi, chang han nhu MME. HSS 1a mot may chi
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co sO dir ligu duogc khai thac tai mdt vi tri trung tdm trong mang ciia nha cung cép

dich vu.

1.3. Két luan.

Chuong I cta luan vin dd mo ta tong quan vé mang 4G LTE va kién tric mang
truy nhap vo tuyén E-UTRAN, mang truyén tai MAN-E, kién triic mang 161 EPC cting
cac thanh phan hé thong mang 4G va chirc ning cac thanh phan.
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CHUONG II. QUY TRINH TOI UU MANG TRUY NHAP VO
TUYEN 4G.

DPé dam bao chat lugng dich vu ctia nha mang t61 khach hang duogc tdt thi
VNPT da lu6n luén phat trién mang ludi vé sb luong, bén canh do6 1a vi¢ce t6i wu hoa
mang ludi cling dugc thuc hién mdt cach lién tuc va cép thiét. Viéc trién khai mang
lu6i 4G da va dang duoc thyuc hién trén pham vi ca nude, 64 tinh thanh déu da c6 thé
st dung cac dich vu 4G & moi lic, moi noi. S6 luong tram 4G la rat 1on, viée quan
1y, van hanh va t6i wru 1udn 12 bai toan ma cac nha mang déu phai thuc hién. Chuong
nay sé& gidi thiéu vé cac phan mém giam sat gitip quan 1y tram di dong cing voi d6 1a

xay dung quy trinh t6i vu mang truy nhip 4G cho mang luéi di dong cua VNPT,

2.1. Phin mém giam sat tram di dong 4G ciia VNPT.

Hién tai c6 3 nha san xuat thiét bi vién thong 16n dang cung cap san pham cho tap
doan VNPT d6 1a Huawei, Nokia va Ericsson. Mdi hang lai c6 cac phin mém quan
ly tram riéng biét, & chuwong ndy chung ta s& di tim hiéu cac giao dién phan mém giam
sat cua cac hang nay.

% Chirc ning chinh ciia cac phin mém giam sat:

Phan mém giam sat giup cho nguoi quan tri ¢6 thé cdu hinh tram méi, quan 1y cac
phan mém cua tram. Nguoi quan tri c6 thé gidm sat cac trang thai phan cimg, phan
mém ctia tram bao gdm: Thong tin trang thai, phién ban phan mém hién thoi, xem
thong tin thiét bi, thuc hién céac thu tuc kiém tra cuc bo dé xac minh chirc nang phﬁn
ctg. Phan mém giam sat cung cap thong tin vé trang thai 18i hodc cac canh bao theo
cac muc do cua tram (Mtrc nghiém trong, mac trung binh va muc binh thuong), cac
canh bao nay c6 thé 1a trang thai hién thoi hodc trang thai canh bao trong qué khir
(history alarm). Ngudi quén tri ciing c6 thé tao anh chup, xem va truyén tap tin téi
tram thong qua phin mém giam sat, bat dau thuc hién ngoai tuyén (kha ning tu van
hanh) va tao bdo cdo thir nghiém cua tram.Phdn mém giam sat tao ra nhiéu phién ban

WebUI ddng thoi giup hd tro giao dién nguoi ding.
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% Phan mém CME operation ciia Huawei
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Hinh 2. 4 Giao dién tram khi remote vio tram dé xem trang thai hoat dong ciia cic

cell, cac canh bao néu co.

+ Phan meém CRT security cia Ericsson
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|5 46-ADG002M-HPG - AMOS - Stopfile=/tmp/16213 - fu] X
file Edit View Options Transfer Script Tools Window Help

Psles]im S <3 AN S TRY @ &

@ @ @ 9@ @ WENMI «4G-ADGO02M-HPG - AMOS - Stopfile=/tmp/16213 x &/ ENM Ll

T Togin: Tr1 apr 3 13:52:30 2020 Trom 102,168 20,206 ~
[er fessandscp-2- ;amos(yrptenmi) -] amos UL CPAOBDN(
BT CREDENTIALS, 18P0 C Juss/Tocal/bin/ssucr edent Tals.sh }: The SLS certificate 1 already present and 15 valid for next 24 hows

ME:

|
|
[ |
0SS fFramework for MoshelT-19.0e

It all
WARNING: the Awos version currently running is more than 51 weeks old.
Tt 13 recommended ta always use tha Tatest released moshell version.

To obtain the latest released version contact your local Ericsson support.
$amosrb_pid = 10368
checking 1p contact. ..ok

HELP MENU

QUIT E
UL_CPADB2M QM- 1t all

200403-15:57:28 10.238.36.108 19.0¢  stopf{le-/tup/10314
Trying rbs’s password from uservariable com_password

$ssh_pid = 10496
Connected to 10.238.36.108 (SubNetwork=QNH MeCONtext=UL_CPADBZM_QNH Manageds ] esent ~UL_CPAOSZM_QNH)

Checking MoM version..
Parsing MoK (cached

MSRBS_NODE_MODEL 19,3430, 27088 64_be9c
var/t 10263/HSRBS NODE_MODEL_19. 03430, 27088, 64_bBSC. N8 CACHELGZ v s ns e s 445 S L e eSS e S

sw? parantile amos /moshe] 1/ commonjars iy — at.exe
Fars n? '!12 ODL er!(ssw ‘amos /moshe1/commonjars,/pm; PMLWJSRBS LT e R T Done.
opt /er {css0n, amos /mashe] ]/ commoniar s /pm, NN o339, QZ T

usmg it S S T Common]ar s pa TMOM MERSS. 1803
Connacted 10, 10 238, 36108  5UbNECHOr kN MECOM EXE oL CPADBZV. QN MARAGECE | emert =L _CPAOSZH_QNH)

Last MO: 13655. Loaded 13655 MOs. Total: 13656 MOs.

UL_CPAGB2M_QNH> UeMeasControl=1,PaueMeascontrol=1

Hinh 2. 5 Giao dién quan Iy cic tram di dong 4G ciia Ericsson théng qua phin mém
CRTsecurity
Mot sb cac 1énh thuong dung trén phan mém giam sat CR Tsecurity cua Ericsson

Su amos “tén tram”  ----- dé login vao mot tram tir xa.

dyng Itall - dé load céac céu hinh hién c6 cua tram.

lénh: stcell — -——e- dé xem trang thai cac cell hién tai cua tram
ue print —admitted ----- dé xem s6 luong cac user dang trong ving

dich vu cua cell.

str wvsr  —--—- deé xem tri sO song dung cua tram.

SR_NQNO4AF_HPG> alt
200401-10:22:04 10.238.20.42 19.0e MSRBS_NODE_MODEL_19.Q3_430.27988.64_b69c stopfile=/tmp/8859

collecting Alarms. ..

pate & Time (UTC) s specific problem Mo (cause/additionalinfo)

2020-03-13 16:13:12 M Emergency Unlock Reset Key Required Lm=1,EmergencyUnlock=1 (Emergency Unlock Reset Key required)
»>> Total: 1 aAlarms (0 critical, 1 Major

SR_NQNO44F_HPG> st cell
200401-10:22:07 10.238.20.42 19.0e MSRBS_NODE_MODEL_19.Q3_430.27988.64_b69c stopfile=/tmp/8859

Proxy Adm State Op. State MO

44 1 (UNLOCKED) (ENABLED)  ENodeBFunction=1,EUtranCe] IFDD=4G-NQNO44F11-HPG
518 1 (UNLOCKED)

1
1
518 1 (UNLOCKED) i
1
1

ENABLED NodeBFunct ion=1 ,NodeBLocalcell6roup=1

ENABLED, ModeBFunction=1,NodeBLocalcel16roup=1,NodesLocalce]l=51C1
520 ENABLED, NodeBFuUnCTion=1,NodeBLocalcel 1Group=1,NodesLocalcell=sicl,cel1rResources=1
528 1 (UNLOCKED) (ENABLED)  NodeBFunction=1,NodeBLocalcellGroup=1,NodeBLocalce]ll=sic2

529 (ENABLED) NodeBFunct ion=1,NodeBLocalcell6roup=1,NodeBLocalcell=51C2,CelTResour ces=1

Total: 6 MOs
SR_NQNO44F_HPG> ue print -admitted

200401-10:22:36 10.238.20.42 19.0e MSRES_NODE_MODEL_19.03_430. 27988, 64_b69c stopfile=/tmp/8859
coli>/Trat/ue print -admitted
cellrd #ue:s #Bearers

bl 6
coli>

SR_NQNO44F_HPG> ]

Hinh 2. 6 Giao dién khi thue hién cac Iénh.
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2.2. Pic diém antenna tram goc va van dé nhiéu trong mang truy nhap

vo tuyeén.

LTE st dung k¥ thudt OFDMA cho truy cap duong xudng va SC-FDMA cho

truy cap duong 1én. Két hop dong thoi voi MIMO, cac ki thuét vé 1ap biéu, thich tng

duong truyén va yéu cau ty dong phat lai lai ghép.

2.2.1 Ky thuat da truy nhip trong mang 4G-LTE

% K§ thuit truy cip phén chia theo tin sb truc giao OFDM

Data Source

Data Source

Data Source

Bit
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Center Frequency

h 4

Bit

Modulator

Frequency

h 4
el
1

Transmission Bandwidth

Hinh 2. 7 Truyén don séng mang.
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Modulator
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Transmitter User 2

Center Frequency

Modulator

Transmission Bandwidth

Hinh 2. 8 Nguyén Ly FDMA.
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Khoang cach
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Hinh 2. 9 Nguyén ly da séng mang

K§ thuat diéu ché OFDM, vé co ban, 1a mot truong hop dic biét ctia phuong
phap diéu ché FDM, chia ludng dir liéu thanh nhiéu dudng truyén bang hep trong
vung tan sb str dung, trong d6 cac song mang con (hay séng mang phu, sub-carrier)
truc giao voi nhau. Do vay, pho tin hidu ciia cic sdng mang phu nay dugc phép chong
14n 1én nhau ma phia dau thu van khoi phuc lai dugc tin hi¢u ban dau. Su chéng lan
pho tin hidu nay 1am cho hé théng OFDM c6 hiéu suat sir dung pho 16n hon nhiéu so
v6i cac ki thuat diéu ché thong thuong.[14][11][12]

% Ky thuit SC-FDMA.

Céc tin hiéu SC-FDMA ¢6 tin hiéu PAPR t6t hon OFDMA. Pay 1a mot trong
nhitng 1y do chinh dé chon SC-FDMA cho LTE. PAPR gitip mang lai hiéu qua cao
trong viéc thiét ké cac bo khuéch dai cong suat UE, va viéc xir ly tin hi¢u cua
SCFDMA van ¢6 mdt s diém twong dong v6i OFDMA, do d6, tham s huéng DL
va UL ¢6 thé can d6i v6i nhau. Giéng nhu trong OFDMA, cic may phat trong hé
théng SC-FDMA ciing st dung céc tan sd truc giao khac nhau dé phat di cac ky hiéu
thong tin. Tuy nhién cac ky hiéu nay phat di lan lugt chtr khong phai song song nhu
trong OFDMA. Vi thé, cach sap xép nay lam giam dang ké su thang giang cua dudng
bao tin hi¢u cua dang séng phat. Vi thé cac tin hiéu SC-FDMA c¢6 PAPR thép hon
cac tin hiéu OFDMA. Tuy nhién trong cac hé théng thong tin di dong bi
anh hudng cua truyén dan da duong, SC-FDMA duoc thu tai cac BTS bi nhiéu giita
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cac ky tu kha 16n. BTS sir dung bd can bang thich tmg mién tan sé dé loai bo nhidu

\
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Hinh 2. 10 Ciu triic may phat va may thu ciia hé thong SC-FDMA va OFDM

s K§¥ thuat MIMO

MIMO la mot phan tat yéu ciia LTE dé dat duoc cac yéu cau day tham vong vé thong
lwong va hidu qua sir dung phd. MIMO cho phép sir dung nhiéu anten & méay phat va may
thu. Vai huéng DL, MIMO 2x2 (2 anten & thiét bi phat, 2 anten & thiét bi thu) dugc xem la
cAu hinh co ban, va MIMO 4x4 cling dugc dé cap va dua vao bang dic ta ky thuat chi tiét.
Hiéu nang dat duoc tuy thude vao viéc st dung MIMO. Trong d6, k¥ thuat ghép kénh khong
gian (spatial multiplexing) va phat phan tap (transmit diversity) 1 cac ddc tinh ndi bat cua
MIMO trong cong ngh¢ LTE.
Gidi han chinh ctia kénh truyén thong tin 13 can nhidu da duong gi6i han vé dung luong theo
quy luat Shannon. MIMO lgi dung tin hiéu da dudng giita may phat va may thu dé cai thién
dung lugng c6 san cho boi kénh truyén. Bang cach sir dung nhiéu anten ¢ bén phat va thu
v6i viéc xur 1y tin hiéu s, ky thuat MIMO c6 thé tao ra cac dong dit liéu trén cung mot kénh

truyén, tir d6 lam tang dung luong kénh truyén.
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2.2.2. Mt s6 dic tinh ciia kénh truyén.

Ta tim hiéu mot sd dic tinh cta kénh truyén anh huong dén viée truyén tin
hiéu, cac ddc tinh nay bao gdm trai tré, fading, dich tan Doppler, anh huong cta dich
tan Doppler d6i voi tin hiéu OFDM, nhidu MAI, va cach khic phuc nhiéu MAL
< Trii tré da dwong
Tin hi€u nhan dugc noi thu g@)m tin hiéu thu truc tiép va cac thanh phﬁn phan xa. Tin
hiéu phan xa dén sau tin hiéu thu truc tiép vi n6 phai truyén qua mot khoang dai hon,
va nhu vay n6 s& 1am niing luong thu duoc tri rong theo thdi gian. Khoang trai tré
(delay spread) dugc dinh nghia la khoang chénh 1€ch thoi gian gifra tin hi¢u thu tryuc
tiép va tin hiéu phan xa thu duoc cudi cung. Trong thong tin vo tuyén, trai tré c6 thé
gay nén nhidu xuyén ky tu néu nhu hé théng khong ¢ cach khic phuc. Péi v6i LTE,
str dung k¥ thuat OFDM d4 tranh dugc nhiéu xuyén ky tw ISI.

% Cac loai fading
Fading 14 sy bién doi cudng do tin hiéu song mang cao tan tai anten thu do c6 su thay
d6i khong dong déu vé chi sé khiic xa ctia khi quyén, cic phan xa cta dat va nudc
trén dudng truyén song vo tuyén di qua.
% Rayleigh fading
Fadinh Rayleigh 1a loai Fading sinh ra do hién tugng da duong (Multipath Signal) va
xé4c sut muc tin hiéu thu bi suy giam so voi muc tin hi¢u phat di tuan theo phan bd
Rayleigh.
% Fading chon loc tin s6 va fading phing
Bing thong két hop: 13 mot phép do théng ké cua dai tn s6 ma kénh xem nhu 1a
phang. Néu trai tré thoi gian da duong 1a D(s) thi bang thong két hop We(Hz) xap xi
bang:

We=1/27D. (2.1)
Trong fading phang, biang thong két hop ctia kénh 16n hon bang thong cua tin higu.

Vi vay, s€ lam thay d6i déu tin hi¢u song mang trong mat dai tan so.
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Trong fading chon loc tin s6, bang thong két hop ctia kénh nho hon bang thong cua
tin hiéu. Vi vay, s& lam thay d6i tin hiéu séng mang v6i mirc thay d6i phu thudc tan
5.
< Dich tan Doppler
Hé théng truyén v tuyén chiu su tac dong cua dich tan Doppler. Dich tin Doppler 1a
hién twong ma tin sé thu duoc khong bang tan s6 ctia ngudn phat do su chuyén dong
tuong ddi giita ngudn phat va ngudn thu. Cu thé 1a: khi ngudn phat va ngudn thu
chuyén dong hudng vao nhau thi tan sé thu dugc s& 16n hon tan s6 phat di, khi ngudn
phat va ngudn thu chuyén dong ra xa nhau thi tan sb thu dugc s& giam di. Khoang tan
s6 dich chuyén trong hién tugng Doppler tinh theo cong thirc sau

A=tfo>  (22)
Trong d6 Af1a khoang tan s dich chuyén, f, 1a tin s6 ciia ngudn phat, v 1a van tdc
tuong dbi gitta ngudn phat va ngudn thu, ¢ 1a van tdc anh sang. Di voi LTE, dé khic
phuc hién tuong dich tan Doppler, ngudi ta chon khoang cach gitra cac song mang di
16n (Af = 15 Khz).
< Nhifu MAI d6i véi LTE
béi v6i LTE, & duong 1én str dung k¥ thuat SC-FDMA, n6 cling nhay cdm véi dich
tan. Cac user khac nhau ludn co dich tan sd séng mang CFO (Carrier Frequency
Offset). Khi ton tai nhiéu CFO, tinh truc giao giita cac song mang bi mat. Nhidu lién
song mang (ICI : Inter Carrier Interference) va MAI (Multi Access Interference) tao
ra d4 lam giam cht lugng cua tin hiéu thu dugc. Mot phuong phap triét ICI ciing nhu
MAL, 13 dua trén cac ky hiéu hoa tiéu khdi (block type pilots). Cac user khac nhau
giao tiép v6i tram gdc tai cac khe thoi gian khac nhau. Phuong phap nay 1y truc tiép
thanh phan nhiéu bang cach loi dung cac ky hiéu hoa tiéu khdi, vi vy n6 khong can
st dung udc lugng CFO nhiéu lan. Sau d6, ma tran can nhiéu cé thé duoc khoi phuc
lai va anh huéng cua cac CFO c6 thé duogc triét dé dang bang cach sir dung phuong

phép ddo ma tran.[14]
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2.3. Céac tham s6 danh gia mang di dong 4G.

KPI trong mang LTE bao gdm: Chit lugng vung phi, kha ning truy nhép, kha
ning duy tri, kha ning di dong, KPI dich vy, Khd niing sir dung, kha ning sin sang
va luu luong (Coverage, Accessibility, Retainability, Mobility, Service Integrity,
Utilization, Availability va Traffic).[4][15][17]

KPI ving phti bao gdm cac tham sb dé danh gia chét lugng ving phi, vi du nhu:

RSRP, RSRQ, SINR ...

Service KPI :
Focus on the user
experience

Radio Network KPI :
Focus on the radio
network performance

gy I SR

Hinh 2. 11 Phén loai KPI trong mang LTE.

% Cong suit tin hi¢u thu RSRP — Reference Signal Received Power.
RSRP 1a mét trong cac tham so co ban trong vi¢e do kiém trén 16p vat 1y cua

UE. RSRP s& cung cép cho cac UE cac thong tin can thiét vé cudng do tin hiéu cia
céc cell tir d6 viée mat dudng truyén co thé dugc tinh toan va st dung trong cac thuat
toan dé diéu chinh va thiét 1ap cong suét t6i vu cho viéc hoat dong trong mang. RSRP
c6 thé duoc st dung trong ca trong 2 trang thai IDLE va CONNECTED cua UE.
RSRP dugc tinh toan theo cong thirc:
RSRP (dBm) = RSSI (dBm) - 10*log (12*N) (2.3)

Véi:

- RSRP la cong sut nhan dugc cua 1 Resource Element - RE (theo dinh nghia

ctia 3GPP): dugc tinh bang trung binh ciia cic mirc cong suat thu duoc trén tat

ca cac tin hi¢u chuan trong toan bd bang tan do kiém.



23

- RSSI (Received Signal Strength Indicator — Mtic tin hiéu thu) 1a tham s6 cung
cap thong tin vé tong cong suit thu duoc (trén toan bd cac tin hiéu) bao gém
ca nhiéu. RSSI duoc do kiém trén toan bd bang thong.

- N:s6RB (Resource Block) khi RSSI dugc do kiém, va tham sb nay phu thudc
vao bang thong.

Trong do:

RSSI = wideband power = noise + serving cell power + interference power (2.4)
RSRP trong 4G LTE 1a méttham s6 dugc sir dung cho viéc do kiém ving phi trong
mang 4G LTE. Theo ETSI TS khoang gia tri cia RSRP dugc dinh nghia trong khoang
tir -125 dBm cho t61 -65 dBm.

Bang 2. 1 Khodng gia tri cia RSRP trong 4G LTE

RSRP (dBm) Legend (Chu thich Két qu.
mau)

e .
[-80,-65) Tot
[-95,-80) Trung binh
[-110,-95) Kém

[-125,-110) Rat kém

[Min,-125) Khoéng str dung dugc

< Chat lwgng tin hi¢éu thu RSRQ - Reference Signal Received Quality.
RSRQ cung cap cho UE céc thong tin can thiét vé chit luong tin hiéu cta cac

cell, viéc do kiém tham sb RSRQ trd nén dic biét quan trong ¢ phia bién cua cac cell,
khi can quyét dinh ¢6 thuc hién viéc chuyén giao td1 mot cell khac. RSRQ chi duogc
st dung trong trang thai CONNECTED cua UE.

RSRQ dugc tinh toan theo cong thirc:

RSRP

v (2.5)

RSRQ = Ny,
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Vi:

- Nprb: 1a sé Physical Resource Blocks (PRB) khi RSSI dugc do kiém, thong

thudng né bang vai bang thong hé thong.

- RSRP, RSSI 1a twong ty nhu trén.
RSRQ trong 4G LTE 1a mét tham sb duoc s dung cho viéc do kiém chét luong mang
trong mang 4G LTE.Theo ETSI TS khoang gia tri cia RSRQ duoc dinh nghia trong
khoang tir -18 dB cho t6i1 -6 dB.

Bang 2. 2 Khoang gié tri cua RSRQ trong 4G LTE.

RSRQ (dB) Legend (Chii thich mau) Két qua.
[-6, Max] RAt tot
[-10,-6) Tét
[-14,-10) Trung binh
[-18,-14) Kém
[-6,-18) Rét kém
[-18, Min] Khoéng st dung duoc

% Ty 1@ tin hiéu trén nhiéu SINR
Ve mat ly thuyét riéng tham s cong suat tin hi¢u khong thé dai di¢n cho chat

luong tin hiéu n6 khong thé gitp du doan c6 bao nhiéu 16i c6 thé xay ra trén duong
truyén. Mic dii cong sudt tin hiéu c6 thé rat 16n nhung di cing v6i cong sudt nhiu
cling 16n twong dwong thi chua chic chat lugng tin hiéu duoc truyén di 1a tt, nguoc
lai cong suat tin hiéu thap nhung cong suat nhidu lai thap hon rat nhiéu thi két qua 1a
chét lugng tin hi€u c6 thé rat t6t. Do d6 SINR dugc st dung nhu mdt tham s6 do kiém
danh gia chit luong tin hiéu.

SINR = S/N (2.6)

Voi:
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- S:1acong suét cua cac tin hiéu duoc str dung do kiém (céac thong tin c6 y nghia,
céc tin hiéu mong mudn). Cac tin hiéu chuan va cac kénh vat Iy chia sé dudng
xudng 1a lién quan chu yéu.

- N:1a téng cong sudt nhidu nén (cac tin hiéu khong mong mudn), né lién quan
t6i viée do kiém bang thong va cac h¢ s6 nhiéu thu dugc.

Vé mat gia tri SINR co thé co ca gia tri am va duong khi tinh theo dB. Gia tri
SINR am c6 nghia 1a cong suét tin hiéu 13 thip hon so v&i cong suat nhiéu.

Bang 2. 3 Khoang gia tri cia SINR trong 4G LTE.

SINR (dB) Legend (Chii thich mau) Két qua.
[20, Max] Rét tot
[15,20) Tot
[10,15) Trung binh
[2,10) Kém
[0,2) Rat kém
[Min, 0] Khoéng st dung duoc

% Chi s6 chat lwgng kénh CQI - Channel Quality Indicator.
CQI 1a mot tham sb do kiém quan trong cua LTE, n6 la tham sb dai dién cho

chét luong két ndi cua cac kénh vo tuyén, c6 tac dong dang ké dén hiéu suét cta hé
thdng. Thong thudng, mot gia tri CQI cao chi ra mot kénh c6 chit lugng cao va ngugc
lai, cac gia tri CQI ndy duoc st dung bdi cac eNode-B cho viéc 1ap lich duong xuéng
va dap Gng lién két, day 1a mot tinh ning quan trong ciia LTE. UE c6 thé sir dung mot
trong hai phuong phap dé gui gia tri CQI ti eNode-B theo dudng 1én:

- Dinh ky thong qua céc kénh PUCCH hodc PUSCH.

- Khéng dinh ky théng qua kénh PUSCH trong truong hop, eNode-B truc tiép

yéu cau UE gtri mot bao céo vé tham sé CQL
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Trong LTE, CQI 1a mot gié tri nguyén 4 bit dugc tinh todn dya trén tham s6 SINR tai
phia UE, c6 15 gia tri CQI khac nhau tur 1 dén 15 va duge anh xa gitta CQI va céc
phuong thire diéu ché, kich thude khdi truyén tai nhu dugc chi ra trong ETSI TS
136.213. Gia tri 0 chi ra rﬁng UE khong nhan dugc bat ky tin hi¢u LTE nao c6 thé
duoc st dung va kénh dang khong hoat dong

Bang 2. 4 Bang gia tri cia CQIL.

CQI Index Modulation | Coderatex 1024 |  Efficiency

0 Out of range

1 QPSK 78 0.1523
2 QPSK 193 0.3770
3 QPSK 449 0.8770
4 16QAM 378 1.4766
5 16QAM 490 19141
6 16QAM 616 2.4063
7 64QAM 466 2.7305
8 64QAM 567 3.3223
0 64QAM 666 3.0023
10 64QAM 772 45234
11 64QAM 873 5.1152
12 256QAM 711 5.5547
13 256QAM 707 6.2266
14 256QAM 885 6.9141
15 256QAM 048 7.4063

(Nguén:https://www.etsi.org/de/iver/etsi ts/136200 136299/136213/13.00.00 60/ts 136213v1
30000p.pdf)

% CELL ID va TAC.
CELL ID 13 tham s6 dinh danh duy nhat cho mdi cell trong mang 4G LTE. Muc

dich dé co thé tim va dinh vi mot UE trong ving phuc vu ctia eNodeB.

TAC (Tracking Area Code): Trong mang di dong 4G LTE thi TAC dugc gin
v6i mot nhom eNodeB nhat dinh. Muyc dich dé c6 thé dé dang tim va dinh vi mot UE.
MME s€ x4c dinh vi tri ctiia toan bd cac UE trong vung phuc vu cia né. Khi cac UE

lan dau tién dang ky vao mot mang thi MME s¢& tao ra mot thuc thé dé chira cac thong
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tin ndy trong HSS. MME s& biét toan bd cac thong tin khi thay doi eNodeB ciing nhu
vi tri cua cac UE
qua cac ban tin dinh ky.

% Toc dd tai xudng trung binh Download DS - Download Speed.
Toc do tai xuong trung binh 1a ty so gitra tong dung luong céac tép dir licu tai

xuong trén tong so thoi gian tai xuong.

% Toc dd tai 1én trung binh Upload US - Upload Speed.
Toc do tai 1én trung binh 1a ty so gifra tong dung luong céc tép dir li¢u tai 1én

trén téng s6 thoi gian tai 1én.
< T¥ 1 truyén tai géi bi roi - Packet loss.

Ty 1€ truyén tai gbi bi roi 1a ty 1€ (%) gitra sO 1an truyén tai goi bi roi trén tong
s6 1an truyén tai goi.
% Théi gian tré truy nhap dich vu trung binh - Latency.

Thoi gian tré truy nhap dich vu trung binh 13 trung binh cong clia cac khoang
thoi gian tré truy nhap dich vu.

% Ty I€ truy nhap dich vu thanh cong - Service Access Success Rate.
Ty 1€ truy nhap dich vu thanh cong 1a ty 1€ (%) gitra s0 lan truy nhap dich vy

thanh cong trén téng sb lan truy nhap dich vu.

< TY 18 cude goi dwoe thiét 1ap thanh cong CSSR - Call Setup Success Rate.
Ty 1€ cudc goi dugce thiét 1ap thanh cong CSSR 1a ty 1€ (%) gitra sb cude goi

duoc thiét 1ap thanh cong trén téng sb cudc goi dugc thyc hién.

% Ty I€ cudc goi bi roi CDR - Call Drop Rate.
Ty 1€ cudc goi bi roi 1a ty 1€ (%) gitra sO cudc goi bi roi trén tong so6 cudc goi

duoc thiét 1ap thanh cong.

< Chat lwgng cudc goi MOS - Mean Opinion Score.
Chat lugng cudc goi la chi s6 tich hop ctia chat lugng truyén tiéng noi (voi voice

call), chat luong truyén tiéng noéi va hinh anh (véi video call) dugce xac dinh bang

céch tinh diém trung binh véi thang diém MOS tir 1-5.
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Bang 2. 5 Chi tiéu danh gia chit lwong mang 4G danh cho nha quan ly (KPI OMC)

Mang KPI Name Yéu ciu
RRC Connection Establishment Success Rate (All service) (%) >99%
ERAB Setup Success Rate (%) >99%
Data Call Setup Success Rate (%) >99%
Call drop rate(%) <1%
4G Intra Frequency HO Success Rate(%) >99%
Inter Frequency HO Success Rate(%) >98%
Inter-RAT HO Out Success Rate (LTE to UMTS) (%) >95%
Inter-RAT HO Out Success Rate (LTE to GSM) (%) >92%
CSFB Preparation Success Rate (%) >99%

Bang 2. 6 Chi tiéu danh gia chét lwong trong do kiém (KPI Drive test)

Mang

Chi tiéu KPI

Yéu céu (¥)

Data Call Setup Success Rate (%) >99%
RRC Setup Success Rate (%) >99%
E-RAB setup success rate (%) >99%
4G | Call drop rate (%) <1.2%
Intra-LTE Handover Success Rate (%) >98.5%
Inter-LTE Handover Success Rate (%) >97%
LTE to WCDMA PS InterRAT Handover Success Rate (%) >95%
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Mang

Chi tiéu KPI Yéu ciu (*)
LTE to GSM PS InterRAT Handover Success Rate (%) >92%
DL throughput (15MHz, QCI=9) > 31.5Mbps
UL throughput (15MHz, QCI=9) > 22.5Mbps
RRC connection latency <75ms
DL latency < 50ms
LTE to WCDMA CSFB Redirection Success Rate (%) >96%
CSFB Call setup time <35s
RSRP > -100dBm >93%
RSRP > -110dBm > 98%
RSRQ >-10dB >T75%
RSRQ> -14dB >98%
SINR > 10dB >T75%
SINR < 0dB <1%

(Nguon: Quyét dinh chi tiéu KPI 4G 2018 VNPT NET)

2.4. Quy trinh t6i wvu mang truy cip vé tuyén 4G.

bé dép Ung yéu cau cia khach hang doi voi cdc mang chat lugng cao, mang thi

nghiém LTE phai dugc t8i wu hoa trong va sau khi thuc hi¢n du an. Tbi wu hoa tan

s6 vO tuyén (RF) 1a can thiét trong toan bd qué trinh t6i vu hoa. Noi dung phan nay

cung cap cac hudng dan vé toi wu héa mang vo tuyen 4G.

Qua trinh t6i wu mang vo tuyén bao gém céc budc theo quy trinh dudi day
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Téi uu hoa théng sb
vO0 tuyeén

Phét song tram
moi

Kiém tra dich vu va
toi uu hoa cac tham so

Xac minh don
tram

e | T2 theo cum da hoan thanh

Két thic

Hinh 2. 12 Quy trinh thyc hién ti wu mang vo tuyén.
- Sau khi hoa mang phat song mot tram di dong méi, nguoi ta tién hanh do kiém ting
tram don 1¢ (Single site verification) nham muc dich dam bao cac dich vu co ban cua
tram dugc dam bao (Chét lugng song, cac dich vu download va upload data), bén
canh d6 12 dam bao viéc cu hinh ding cho tram (tham sb tram tén tram, eNodeB ID,

Cell ID,...)

-T4i uu hoa RF (hoac cluster) bt dau sau khi tat ca cac tram trong khu vyc dugc 1én
ké hoach dugc cai dat va xac minh (do kiém cac tram theo cum da hoan thanh). Tbi
vu héa RF nhdam myc dich diéu khién nhidu kénh hoa tiéu trong khi tdi vu héa ving
phu song tin hiéu, tang ty 1 chuyén giao thanh cong va dam bao phan phdi tin hiéu

v tuyén binh thuong trudce khi tdi wu hoa thong sd. Téi vu hoa RF lién quan dén tbi
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wu héa va diéu chinh phan cimg hé théng dng-ten va danh sach 6 14n can. Thir nghiém
tdi wu hoa RF déau tién phai di qua tat ca cac 6 trong mot khu vuc dé khac phuc 15i
phan cing. Tdi wu hoa RF 1a quan trong va ciing 14 ndi dung chinh cua luan vin,

Qua trinh t6i wu RF duoc thyc hién theo quy trinh dudi day.

Chuén bi test.
> Thiét lap cac muc tiéu can t6i wu.
> Phan vung cluster
> Xac dinh Route test.
14n bi cac tool kém theo.

Thuc hién va diéu chinh.
> Diéu chinh théong sé k¥ thuat.
> Piéu chinh tham sb cac tram lan
can.
> Xir ly phan anh khach hang.

> Drive test
> Do dac trong indoor.
> Dir liéu cau hinh eNodeB, cac canh

Phan tich cac van dé.
Do the RF KPIs meet the KPI requirements? > Phan tich van dé vé vung phu.

> Phan tich van dé vé chuyén giao.

Hinh 2. 13 Quy trinh thyec hién t6i wu RF.

Viéc diéu chinh cac tham s6 k§ thuat duoc thyc hién theo phuong phap sau:



Diéu chinh tilt

Piéu chinh céng
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Piéu chinh huwdng
antena

Piéu chinh céac

] TO1i vu héa mang T tham s6 chuyén

suit phat

7N

Diéu chinh d6 cao
antena

giao.

Cau hinh cac tinh
nang cda tram

Hinh 2. 14 Phwong phap thwe hién t6i vu RF.

2.5 . Két luan chwong.

Chuong 2 ctia luan vin di trinh bay tong quan céac giao dién va cach thirc giam sat

tram di dong 4G cua 3 hang san xuét cung cép thiét bi cho VNPT 1a Nokia, Huawei

va Ericsson. Chuong nay cling di tim hiéu dac diém antenna tram goc va cac van dé

nhidu trong mang truy nhap 4G, dua ra cac tham sé danh gia chat luong mang 4G va

chi titu KPI 4G ctua VNPT dé tir d6 dua trén co s 1y thuyét ciing nhu co sé hé thong

thuc tién xdy dung 1én quy trinh t6i vu mang truy nhap 4G. Viéc tdi wu héa mang

truy nhap 4G theo quy trinh da xay dung & chuong nay s€ dugc trinh bay rd hon ¢

chuong 3.
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CHUONG 3: THUC HIEN TOI UU HOA MANG TRUY
NHAP 4G CHO VNPT.

Chuong 3 s& thuc hién viéc t6i wu hda mang truy nhap 4G theo cac budc nhu
quy trinh d4 néu ra & chuong 2. Chuong ndy cung cp thong tin toan bd dy an tdi uu
4G phase 4. Qua trinh thyc hién t6i wu sau phat song céc tram thudc du an bao gém
toan bd 18 tinh, trén toan bd cac tinh déu sé& thuc hién theo dung quy trinh da xay
dung, dé don gian ludn vin nay s& tap trung trinh bay vé viéc tdi wu 4G tai tinh Ha
Tinh do s lwong tram & day twong dbi nhiéu va tinh chat khu vuc co ca doi nui va
ddng bang. Cac budce thyc hién cling s& cung cip cho ban doc nhing kinh nghiém
quy bau phuc vu cho viéc t6i wu mang ludi vé sau. Bén canh d6 1a cach ing dung cac

phan mém t61 vu vao mang ludi hién tai cia VNPT.

3.1. M6 hinh mang lwéi di dong cia VNPT.

P6i v6i mot nha mang vién thong, viéc thiét ké va t6i vu mang vo cling quan
trong, vira phai can bang giira chi phi xay dung ldp dat nha tram, vira phai dam bao
chat lugng mang tot nhat, dam bao chét lugng cude goi lam hai long khach hang. ..
Pé mo phéng mang ludi thuc té tai nha mang VNPT hd trg cho nha mang vo tuyén
trong sudt vong doi mang tir luc bat dau thiét ké t6i tdi wu hoa mang, phan mém Atoll
duoc st dung. Atoll 1a cong cu phadn mém bao gdm cac dic tinh thiét ké mang don
cong nghé (GSM/UMTS/LTE,CDMA2000/LTE) va mang két hop da coéng nghé
GSM/UMTS/LTE, lap mo6 hinh luu lugng va mo phong dua trén Monte-Carlo. Atoll
hd tro cac cong nghé GSM/GPRS/EDGE, UMTS/HSPA, LTE, CDMA2000
1XRTT/EV-DO, TD-SCDMA, WiMAX, Wi-Fi va Microwave. Phan mém nay ciing
cho phép thuc hién moé phong ving phi hiéu suit cao, va hd tro cac cong nghé khong
day méi nhat nhu Wi-Fi offloads, va LTE HetNets (nham giam tinh trang ngh&n mang
di dong, ting cuong ving phu song va chit lwong mang).[21]

Hinh 3.1 cho thiy giao dién phan mém Atoll d¢ md phong mang thong tin di dong
cua VNPT.
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Hinh 3. 2 Thong tin tram mang di dong ciia VNPT.

Céc truong thong tin: Site name, toa d¢ tram (Long-Lat), chiéu cao cot antenna, loai

tram.
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[¥IF7 GSM Drive Test Data 1 UB-Dang-50n-TPO_BGG2 852 Il manual Intra-carrier F
> -[@] (a Links 1 UB-Dong-Son-TPO_BGGZ 3177 ¥ manual Intra-carrier 1
1 UB-Dong-Son-TPO_BGG2 317 [ manual Intra-carrier 1
1 UB-Dong-5on-TPO_BGG2 0 &l manual || Intra-carrier 1
8 TenTien BGG3 82 [V manual Intra-carrier 1 T
m I Tien-Phong_BGGL 3177 (Y] manual Intra-carrier 1
o e Tien-Phong_BGG2 317 [ manual Intra-carrier 1
B Lellogd o0 Ui UB-Dong-50n-TPO_BGGL o @ manual Intra-carrier 1
UB-Dong-50n-TPO_BGG3 0 ¥ manual Intra-carrier 1
Van-Giang_BGGL 143 manual Intra-carrier 1
Van-Giang_BGG3 1,483 7] manual Intra-carrier i
Yen-khe_BGG2 1760 [V manual Intra-carrier 1
5 Le-Loi-Cly-Thuy-Bo-TPO_BGG2 1545 @ manual Intra-carrier 1
Le-Loi-Cty-Thuy-Bo-TPO_BGG3 1,543 E] manual Intra-carrier 1
UB-Dong-50n-TPO_BGG2 0 ¥ manual Intra-carrier 1
Yen-khe_BGGL 1760 [Z  manual Intra-carrier 1
Yen-khe_BGG2 1760 7 manual Intra-carrier 1
1 UB-Song-khe-TPO_BGG3 0 ¥ manual Intra-carrier 1
7 Cty-Hoang-Hai_BGGL 87 (v manual Intra-carrier 1 L
- b oo bai B R 867 G el s B
a0 i ] v

i
Rec.|[17 [ « [ T 0

Hinh 3. 3 Thong tin Neighbours tram 4G cia VNPT.
Céc truong thong tin: Cell name, Cell neighbours, khoang cach, loai neighbours.
Hién tai VNPT da va dang trién khai du an 4G phase 4 tai 18 tinh khu vuc phia Bic
v6i s6 lugng 1625 tram, s luong tuwong tng vi mdi tinh theo danh sach sau day.

Bang 3. 1 Danh sich cac tram thudc du an 4G phase 4 cia VNPT.

eNodeB commissioning process Onair
Commiss | Commiss OK |Basic Test OK
1625 1617 1580 Site | Percentage
1 |Bic Giang 170 69 170 69 170 170 170 170 170 100.00%
2 |Bac Kan il 6 31 6 1 3 31 31 31 100.00%
3 |Bac Ninh 85 17 835 17 85 85 85 85 15 88.24%
4 |Ha Nam 40 33 40 33 40 40 40 40 40 100.00%
5 |Ha Tinh 168 3 168 5 168 168 160 123 97 57.14%
6 |Hai Duong m 73 111 73 111 111 111 111 1 100.00%
7 |Héa Binh 67 7 67 7 67 67 67 67 67 100.00%
8 |Hung Yén 82 51 82 31 82 82 82 82 82 100.00%
9 |Nam Binh 77 7 77 7 77 77 77 77 7 100.00%
10 |Nghé An 199 m 199 111 199 199 199 199 159 100.00%
11 |Ninh Binh 55 E)! 55 31 35 35 55 55 35 100.00%
12 |Phii Tho 68 2 68 2 68 68 68 68 30 H#.12%
13 | Théi Binh 56 4 56 34 36 36 56 56 56 100.00%
14 | Thai Nguyén | 109 32 109 32 109 109 109 109 98 89.91%
15 |Thanh Héa 141 121 141 121 141 141 141 141 132 93.62%
16 |Tuyén Quang | 83 8 83 8 83 83 83 83 67 80.72%
17 |Vinh Phic il 4 31 4 1 3 31 31 31 100.00%
18 |Yén Bai 52 26 52 26 32 52 52 52 52 100.00%
[ Foial—[1e3s] 57| To0.009% [ 700.00% | 100.00% | 100.00% | 99519 | 9720% | 170 | ouson
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3.2. Thue hién quy trinh t6i wu héa mang 4G ciia VNPT tai tinh Ha Tinh.

Sau khi cac thyc hi¢n phat song céc tram thudce cluster tai Ha Tinh, thyc hién ti uu

hoa sau phat song.

3.2.1. Quy mé va thoi gian thuc hién

Quy mé (Tbi wu toan Tinh hodc téi wu theo Cluster)

Bang 3. 2 Thong tin s6 lwgng tram theo cluster tai tinh Ha Tinh.

S6 tram
2G | 3G | 4G
Cluster 1 | Thanh Phd Ha Tinh | 39 42 | 38

Quy mo Khu vyc

Cluster 2 | Qudc Lo 68 70 | 50

Téng s6 tram duoc toi vu 107 112 | 88
Tong s6 tram tai Tinh/Tp | 296 | 298 | 168

Thaoi gian: Tir ngay 20/08/2019 dén ngay 31/12/2019.

3.2.2. Muc tiéu

Pam bao céac chi s6 KPI muc tinh dat theo tiéu chi cua tap doan.

Po kiém, xac dinh va xir 1y cac 16i vé vang phu séng, ning cao chat luong
mang.

Kiém tra, xir 1y cac PAKH VIP chua dugc xur 1y.

Nang cao chat luong KPI khu vyc TP Ha Tinh va cac dudng QLI1, QL15,
duong mon HCM.

Giam sd luong Badcell toan tinh.

3.2.3. Thu thép sb liéu.
% Thu thip so liéu trén OMC.

- Thu thap cac canh céo cua cac tram.

- Thu thap s0 liéu vé Handover cua tat ca cac tram trong khu vuc can t6i uu.
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- Thu thap s6 liéu trude toi vu trén OMC duoc thuc hién trong 10 ngay 1én tuc tir
20/08/2019 dén 30/08/2019.
Str dung phan mém mAOS dé lay cac gia tri KPI thong ké trén OMC.

# mAOS X 4&# Temporary Query x| + - x
< C {} A Notsecure | 10.212.162.12:8443/maos/assets/htmls/main/main.html ax 0SSO Q:
# Manager PRS.26  $% iManager PRS-HNI-..  &# mAOS [ WOTRP (B Proxy online Reus=2019 Reuse3G_Swap2GL.. Cap nhat CRs Reuse... Hon [ ssi » Gther bogkmarks

mAOS

Welcome to mAOS

Agile Operation Inspiring Network Intelligence

B H B &

Report Management KPI Analysis Scheduled Report  Threshold Management 0SS Management

Hinh 3. 4 Giao dién ding nhap cia phan mém mAOS.

Sau khi dang nhap va lga chon cac tham s6 ta tién hanh tai dix liéu vé may.

# mAOS X 4# Temporary Query x| + - X
& C {3 A Notsecure | 10.212.162.12:8443/maos/assets/htmls/main/main.htm| a * Ok S0 o H
% iManager PRS 26 % iManager PRS-HNI-.. &# mAOS [ WOTRP (B Proxy online Reuse2019 Reuse3G_Swap2G2... Cap nhat CRs Reuse... Hon [ ss! » Cther bookmarks

mAOS
: —  seNeww [glmport [$Export [[3Copy WbMove @dRefresh 3iDelele | @:Guideme [Enterarepotname <) |Advanced
Enter a keyword v ‘ L I}
I T e R N
Followed Reports 1 @IRAT KPI 032372020 14:50:08 ctint12 03/23/2020 14:40:45 Custom ReportsiDVT
2 [EBadeell 4G 03/16/2020 10:45:26 cfin112 03/16/2020 10:09:49 Custom Reports\DVT

L& M Reports 3 [E3G KPI RNG 02/28/2020 11:20-53 cfin112 02/28/2020 11-18:08 Custom Reperts\NDQ
4 [ECell No Trafic 02/14/2020 09:42:00 cfin112 02/14/2020 09:38.44 Custom ReportsiDVT

& = Custom Reports 5 [5HOSR Detail Counter 02/14/2020 09:41:16 clint12 02/14/2020 09:41:16 Custom ReportsiDVT

DMC 8 (593G DCRTOPN 02/05/2020 15:50'51 cfin112 02/05/2020 15:50:51 Custom ReportsinDQ
J DVT 7 [LTEKPIPTM-2020 011512020 14:55:57 etint12 01/15/2020 14:55:57 Custom ReportsiDVT
HH 8 @RRC TOPN 011372020 11:51:17 ctin12 01/13/2020 11:50:02 Custom Reports\iNDQ
saa 9 [ELTE Cell KPI 12/31/2019 15:07:21 cfin112 12/31/2019 15:06:16 Custom Reperts\NDQ
igHG 10 [EcsFB kP 12/31/2019 15:06:16 cfin112 12/31/2019 15:06:16 Custom ReportsiNDQ
1 NDQ 1 10 ' Total records: 18 Page: | < Previous 2 Next> Last=>
NPH
a8 NVA
| NVA-2G
NVA-3G
NVA-4G
PCT
4 RNOC-NGHIAX
RNOC1
| RNOC_KienVT
TraTTP

& o Truc Ca_RNOCL
4G_CELL_Hieu_Suat
| 4G_CELL_KPI
| 4G_KPI_Muc_Tinh

m Report Management X [ Query by Condifion X

Hinh 3. 5 Danh sach cic template tao sin.
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Query Resul 12:34:30

v Subreport

Time dimension: Hour  Time range: 2020-03-06 1o 2020-04-06  Period: All

[$ Export

Graph, Table

Minutes Per Service Drop Downlink Traffic PS Traffic Uplink Traffic Maximum User mﬂ:’:‘:’:" Average U
{Ane Drop (AW(min) | Rate (ATN%) Volume (GB) Votume (GB) AMme LY Numbee MNumber i
1ﬂ6 n D n D 0 065;4 66851 ﬂﬂé; 1; 7 7
100 n 0 n 0 0 09022 0.9592 0.057 30 13 3
100 i 0 n 0 0 06384 0.6789 0.0405 38 13 13
100 n 0 n 0 0 08174 0.8598 0.0424 26 8 10
100 in 0 i 0 0 0.4328 0.4572 0.0244 15 9 9
100 n o n o 0 0.3066 0328 00214 18 8 9
100 i 0 i 0 0 03774 0.4231 0.0457 10 3 6
100 n 0 n 0 0 0.0101 0.0146 00045 § 4 4
100 n 0 n 0 0 0.3314 0341 0,009 18 3 6
100 0 0 0 0 0 0.1837 0.1915 0.0078 10 4 6
100 i 0 in 0 0 0.0034 0.0054 0.002 8 4 4
47.0588 n o n o 0 12105 14184 02079 16 10 10
100 i 0 i 0 0 0729 0.7631 0.0341 18 8 8
100 n 0 n 0 0 0.5873 0.6207 00334 12 5 3
100 i 0 n 0 0 00227 0.0243 0.002 5 3 2
in n 0 n 0 0 0.2955 0.3066 00111 10 5 5
100 in 0 i 0 0 09915 1.0433 0.0518 34 16 15
4 »
20 | Queried records: 203 Page: 1 Go 23456 10 11 Next> Lasi>> -
Hinh 3. 6 Danh sach cac tham so KPI dwgc thong ké trén hé thong.
Intra- Inter- Inter-
Frequen| Frequen| RAT Ho | 'Me"
: q q RATHO | CSFB
RRC | E-RAB | Call |Service | cy oy out
Out |Preparat
. Cluster |integrity Setup | Setup | Setup | Drop |Handove Handove Success (. . | " -
MY \success | SR |Success| Rate | rout | rout | Rate Rt |sucenss
Rate(%) | (All)(%) | Rate(%) | (All)(%) |Success |Success | (LTE to
(LTEto | Rate(%)
Rate | Rate | UMTS) |gou o
(AI)(%) | (Al)(%) (%)
1 - - = - - - - = - - -
2 [20-Aug19  |Existing_HTH 100%| 99.9703| 00.0345) 99.9191] 0.1247| 99.9236 100] 9524] 99.9286 90.9346
3 [21-Aug19  |Existing_HTH 00%| 90.0767| 99.8954| 008244] 01001 99.0245| 99.9432| 054606] 99.9254] 999316
4 [22.Aug19  |Existing_HTH 00%| 90.0755] 99.9202| 008757] 01124] 99925 96.9507| 03.8049] 99.9316] 99.9376
5 [23-Aug19  |Existing_HTH 00%| 90.9772| 99.8s64| 008357] 0.0650| 990248 100 93.6065] 99.9253| 99.9305
6 [24-Aug19  |Existing_HTH 00%| 99.9791| 99.9346| 99.9191| 0.0635] 999204 100 93.8779] 99.927| 999351
7 [25-Aug19  |Existing_HTH 100%| 99.9762| 09.9304| 99.9216| 0.0558] 09.0324 100] 93.043] 99.9266] 999339
8 [26-Aug19  |Existing_HTH 00%| 99.0763] 999368 000201| 0.0574] 99.0338 100] 92.4158] 99.9222| 90.9316
g [27-Aug19  |Existing_HTH 00%| ©9.071| 99.9346| 009169] 0.0614] 999204 100] 88.3507| 99.9323 90.9403
10 [28-Aug19  |Existing_HTH 00%| 99.9734] 999365 000188] 0.0593] 990333 100 93.1381| 99.9281| 90.9357
11 [20-Aug19  |Existing_HTH 00%| 99.9735] 99.9366| 90.9100] 0.0597| 999281 100 93.4233] 99.9100| 909208
12 [30-Aug19  |Existing_HTH 100%| 99.9779] 09.9360| 99.9167| 0.0643| 09.0278 100 95.0616] 99.9235] 999332

Hinh 3. 7 Dir liéu KPI 4G ciia Ha Tinh truéc téi wu

Nhu két qua thong ké trén so sanh véi chi tiéu KPI OMC ciia VNPT dua ra, ta ¢6

bang sau.
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Bang 3. 3 Bang danh gia dir liéu KPI 4G ciia Ha Tinh truéc toi vu.

Trude toi wu
Yéu
Mang KPI Name A Gia Panh
cau
tri gia
RRC Connection Establishment Success Rate (All
] >99% Dat
service) (%) 99.99
ERAB Setup Success Rate (%) >99% | 99.98 Pat
Data Call Setup Success Rate (%) >99% | 99.92 DPat
Call drop rate(%) <1% 0.09 bat
4G
Intra Frequency HO Success Rate(%) >99% | 99.92 bat
Inter Frequency HO Success Rate(%) >98% 100 bat
Inter-RAT HO Out Success Rate (LTE to UMTS) (%) | >95% | 98.68 bat
Inter-RAT HO Out Success Rate (LTE to GSM) (%) >92% 100 bat
CSFB Preparation Success Rate (%) >99% | 99.9 bat

% S0 lwong bad cell trudre toi wu.
- Thuc hién thong ké toan tinh trudc tdi wu ¢ 10 bad cell can xur 1y.
< Thuc hién do kiém va lay dir liéu tai tram
- Khéo sat NodeB léy cac thong sb thuc té vé: gac, tilt, dd cao anten, toa d0 xem co
dung véi thiét ké khong,
- Thyc hién do kiém Driving Test theo Route bang phan mém Tems 20 va thi tuc do
duoc cho trong bang.

Bang 3. 4 Bai do Drive test

Test type Test case Sample/sector Note
CSFB(MO+MT), SMS 3 times/1 sector
Ping test 20 times/1 sector
Stationary test | "ETP Download 1 times/1 sector
FTP Upload 1 times/1 sector
Speedtest 1 times/1 sector
LTE Idle mode
Dung Tems do theo
Route test CSFB Theo Route
route
FTP Download




40

3.3. Phan tich két qua do kiém trwéc tdi wu va dwa ra cac khuyén nghi.
Str dung Temdiscovery 20 dé phan tich két qua do kiém. Dudi day 1a mot sd

cac van dé dién hinh va céach xur 1y cac van dé dé dat dugc KPI nhu da dé ra.

3.3.1. Khu vue c6 chit lwgng song 4G kém, chi s6 SINR thép.
Khu vyc 1: Khu vye song 4G kém, SINR thép

@ Serving Cell RSRP (dBm)

B [Min,-125)  (2114) (447%)

B [-125,-110)  (4076) (8.62%)
[-110,-95)  (10172) (21.51%)

B [-95-80)  (21599) (45.67%)

N [-80,-65) (9196) (19.44%)

B [-65 Ma] (139) (0.299%)

(&2

: . % Trong phase 3 cd 2 tram phat
B song duoc khoanh do bén dudi

Hinh 3. 8 Két qua do chi s6 RSRP tram 4G-HKE003M-HTH
Két qua do kiém cho thay: Tin hiéu 4G LTE hién chua phu déu, nhiéu ving mau do
cho muc thu RSRP rit thip (<110dBm), sé mau cho mirc thu RSRP thap 13 4076 mau
chiém 8,62% tong s6 miu nam trong ving phuc vu cua tram 4G-HKE003M-HTH,
khu vuc nay cach kha xa tram.Trong Phase 3 c6 2 tram trong khu vyc nay phat song
s€ cai thién vung phu song 4G va cai thi¢n SINR.
Khuyén nghi: D& xuit doi phat song 2 tram 4G-HKE030M-HTH;4G-HKE021M-
HTH trong phase 3.
Khu vyc 2: Khu vuc song 4G kém



41

W RSRP (dBm)
[Min, -125)
[-125,-110)
[-110, -55)
[-95, -80)
[-80, -65)
[-65, Max]

—— =T

e

“1
*.
]
f

—

Hinh 3. 9 Két qua do chi s6 RSRP tram 4G-CLC005M-HTH
Két qua do kiém cho thay: Tin hiéu 4G LTE hién chua phii déu, nhiéu ving mau do
cho murc thu RSRP rét thép (<110dBm), dugc phuc vu bdi Sector 1 cua tram 4G-
CLC005M-HTH.Giam E-tilt Sector 1 va xoay azimuth dé cai thién ving phu.
Khuyén nghi: Giam E-tilt Sector 1 tir 5->3;xo0ay azimuth Sector 1 tir 345->325

3.3.2.Khu vuc bi Overshooting va chi s6 SINR thép.

Khu vyc 1. Khu vuc bi Overshooting.
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RS 5irR Carrier 1 (d8)
[in, -5) (3191} {&.76%)
5.8 (BE10) {14.01%)
[0, 5) {11548) (29.95% )
[5, 10} (28172) (21.56%)
[18,15)  [7763) (15.46%)

; [15, Max]  (7890) (16.73%)

Hinh 3. 10 Két qua do chi s6 SINR tram 4G-THA006M-HTH
Két qua do kiém cho thdy: Khu vic SINR t6i do ¢6 qua nhiéu cell ban téi, gdy chong
lan ving phii, khong co cell phuc vu chinh vuot troi (viing khoanh dé) .Can downtilt
mdt s6 cell xung quanh dé giam chdng 1an,giam nhidu,cai thién SINR,nang cao chét
lugng mang.
Dua vao s6 liéu phén tich TA cua tram 4G-THA006M-HTH:

el . : 2, TA Distribution of 4G-THA0OEM11-HTH

TA Distribution of 4G-THAO02ZM11-HTH

Hinh 3. 11 Chi s6 TA ciia tram 4G-THA006M-HTH
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Khuyén nghi: Diéu chinh Tilt v Azimuth nhu sau:

Bang 3. 5 Thong s6 RF ciia cac tram theo khuyén nghi.

O T Antenna Existing Suggestion
Height | Azimuth | M Tilt | E Tilt | Azimuth | M Tilt | E Tilt

4G-THAO006M- 4G-THA006M11-

HTH HTH 40 30 1 5 30 1 6
4G-THA002M- 4G-THA002M11-

HTH HTH 40 10 0 5 10 0 8
4G-HTHO19M- 4G-HTHO19M11-

HTH HTH 37 20 0 5 20 0 7
4G-HTHO36M- 4G-HTHO036M11-

HTH HTH 39 0 2 5 0 2 6
4G-LHA004M- 4G-LHA004M12-

HTH HTH 40 120 2 4 120 2 5
4G-HTHO032M- 4G-HTHO032M11-

HTH HTH 40 25 2 5.5 50 2 5.5
4G-HTHO027M- 4G-HTHO027M11-

HTH HTH 40 30 2 5 30 2 6

Khu vuc 2. Khu vyc song 4G kém.

@ Serving Cell RSRP (dBm)
[Min,-125)  (2114) (447%)
[-125,-110)  (4076) (8.62%)
[-110,-95)  {10172) (21.51%)
[-95,-80)  (21599) (45.67%)
[-80, -65) (2196) (19.44%)
[-65, Max] 138) (0.29%)

Hinh 3. 12 Két qua do chi s6 RSRP tram 4G_TPO040M_HTH
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Két qua do kiém cho thiy : Khu vuc song 4G kém nam cach xa tram xung quanh,dia
hinh ddi ndi, khéng c6 kha ning cai thién bang t6i wu ving phu.

Khuyén nghi: D¢ xuét lap dit phat song tram 4G tai khu vure ndy, trén ha tang 3G co
san(3G_TPO040M_HTH).

Khu vuc 3: Khu vue song 4G kém.

Hinh 3. 13 Két qua do chi s6 RSRP tram 4G_TPO010M_HTH

Két qua do kiém cho thdy : Cac khu vuc khong cé song, song 4G kém do khong co
tram hay thua tram, dia hinh ddi nti che chin.
Khuyén nghi: Day nhanh phat séng cac tram trong du 4n 4G phase 3,1ap dat phat song

thém cac tram 4G tai cac vi tri co6 ha tﬁng 3G tir trudc.

3.4 Thyc hién xir Iy phan anh khach hang va xir ly cac cell cé chat lwong
thép.

PAKH 1.

Mo ta: Kho thiét 1ap cude goi.
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o call Attempt  (52)

Xa San Giang |1- Call Blocked ()

9

%

-p:; @ RxlevSub (dBm) - .Server
— B [Min, -105) (0 ( o%)
A B [-105,-95) (4) (0.61%)

‘% [-95, -85) (66) (10.05%)

& [-85,-75)  (168) (25.57%)

a [-75,-65)  (161) (24.51%)

[-65, Max] (258} (39.27%)

%3 Son Trung

'P‘a &%
=% 2 Mg
4 = JHSNazmn_HTH % )
& = o
& o g
<o
=
v A
o =
¥ 4 (=]
_HSNOOTMI1_HTH
5 » = 3
O =N P A = = e ___g.o0p) o

Hinh 3. 14 Két qua do chi s6 RxLevSub tai tram 2G-HSN021M_HTH

;g ;g Handove o Drop Handove TCH |SDCCH
TGN CELL U Teaffic | P r P | Call |Callvolume| ' |Blocking |Blocking
Success Success |Success | call rate Rate V2 Success Rate Rate
Rate V2 Rate |RateV2 Rate
T - - - - - - - - i -

2G_HSNO0O1M31_HTH 94.93| 166.06| 99.86] 93.95 0.24 035 7,232.00] 97.35 1.02 0.02
2G_HSNO01M33_HTH 94.69| 79.65| 99.60| 96.09 0.17 0.30] 4,134.00] 99.36 0.05 0.00
2G_HSN001M32_HTH 93.36| 147.88)| 99.58| 97.40 0.31 048| 7,307.00] 99.34 0.03 0.00
2G_HSN012M13_HTH 94.38| 40.56| 99.54| 98.28 0.156 040| 1,829.00] 99.156 0.03 0.00
2G_HSN016M11_HTH 94.61| 4945 99.64| 97.71 0.31 0.81] 2,230.00] 98.83 0.03 0.00
2G_HSN012M11_HTH 94.46| 33.17| 99.83| 98.37 0.056 011| 1,858.00] 98.97 0.00 0.02
2G_HSN012M12_HTH 95.69| 23.54| 99.09| 96.00 0.63 1.28 955.00| 96.70 0.00 0.00
2G_HSN016M12_HTH 95.88| 11.64) 98.90] 97.01 0.33 0.84 722.00| 98.38 0.00 0.00
2G_HSN016M13_HTH 93.29| 2047| 98.73| 97.10 0.68 119| 1,071.00] 98.256 0.00 0.00
2G_HSN021M11_HTH 96.05 8.18| 99.57| 9845 0.18 0.41 510.00] 99.28 0.00 0.00
2G_HSN021M12_HTH 93.77 7.72| 99.71| 98.93 0.08 0.23 376.00| 99.57 0.00 0.00
2G_HSNO21M13_HTH 95.35| 24.27| 99.82 98.73 0.07 0.15] 1,354.00/ 99.90 0.00 0.00

Hinh 3. 15 Phén tich chi s6 KPI 2G (OMC)

Phan tich: Thuc hién test cudc goi CSFB: OK.Thuc hién test cudc goi M2M trén 3G:
OK
Thuc hi¢n test cudoc goi M2M trén 2G: Blocked call nhiéu (Rxlev, RxQual tbt, khong

Alarm). Dé xuat hiéu chinh ving phi mét sé Cell nhu bang dudi.



46

Bang 3. 6 Thong s6 RF ciia tram 2G_HSN001M_HTH

RF Hién Tai RF Kién Nghi
bo
Site Name Sector Name b0 cao
Azimuth | Mtilt | Etilt | cao Azimuth | Mtilt | Etilt
Anten
Anten

2G_HSNO0IM_HTH | 2G_HSN00IM11_HTH | 45 50 0 2 |45 |50 0 6

2G_HSNOOIM_HTH | 2G_HSNO001M12 HTH | 45 160 0 2 45 160 0 5

2G_HSNOOIM_HTH | 2G_HSNO001M13 HTH | 45 240 0 2 45 240 0 5

Két qua sau hiéu chinh.

)
Cp
K

@ Categorized PSC:AL
1§ 8 (280) (26.62%)
19 (129) (12.26%)
37 (49) (4.66%)
> 120 (230) (21.86%)
357 165 (72) (6.84%)
3G_HSNOZTMTI_HTH 168 (19) (1.81%)
B 171 (117) (11.12%)
B 356 {6) (0.57%)
8 357 (5) (0.48%)
E 358 (139) (13.21%)

%% 477 (6) (0.57%)

o
S
35

78 o iy,
3G_HSNOz4mMa1 HTH SON TRUNG

T,

Sang Ngg PH
120

Gas Station

Tram xang duong T CallEstablished (106}
3G_HSNOOSMT1_HTH men HE Chi Minh 48k 3G_HSHO12M11_HT
SON PHO T ”\.‘2@'
: 3G CS Call Setup 100%
SON PHU
- -
171
! SON PHUC
22018 Google - Map 18 Tele Atlas, Imagery 018 Te

-

Tech: WCDMA
PSC: 96

o Call Atty t (111
SON TRUNG s e )
‘T CallEstablished (111)

2 @ RxLevFull (dBm) - .Server
2G_HSNO2TM11_HTH B [Min, -105) 0 ( 0%)
B [-105,-95) o ( 0%)
[-95, -85) (22) ( 2.1%)
B [-85-75) (196) (18.72%)
B [75,-65)  (346) (33.05%)
N [65 Max] (483) (46.13%)

9
o -t e [Fms]
Tram xéng duéng 4
2G_HSHOO5M11_HTH man Ha Chi Minh 2G_HSMNO12M11_HTH

2G CS call setup 100%

SON PHO TIN

SON PHU

SON PHUC

3
A 2G_HSNO1EM1T1_HTH 4
$2078 Google- M2p datz 82018 Tele Atlas, Imagery $2018 TensMatrics 10

Hinh 3. 16 Két qua KPI 2G ciia tram 2G_HSN001M_HTH sau hiéu chinh

e,

PAKH 2.
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Mo ta: Khach hang bi hién tugng kho thiét 1ap cudc goi.

Map View | ] Time-series Chart [ Messages me
EEB-AD-IENE Y BB sahTecad gk WG T
KeyInfo Settings Default =] | % petai | [2] Message Flow Diagram
File/Device Filter FD1; FD10; FD11; FD12; FD13; FDZ; FD3; FD4; FDS; FDG; FO7; FD&; FDS - Search: |:|
Frame Filter TEMS_Collectors_Events; WCDMA RRC Signaling - 3,335 TEMS_Collectors_Events
s o 32 fyame Kevinf 4 -. EventInfo_01 : Block type: No Radio Bearer Setup Complete
8768 |15:23:42.826 |FDil WCDMARR... || UL-DCCH: securityModeComplete " 2 -
8769 [15:23:43.026 (FD11 WCDMA RR... || UL-DCCH: uplinkDirectTransfer; MM Identity Eventinfo_03 Call time: ‘24‘99 e
8770 |15:23:43.026 |FD11 WCDMARR... |*|UL-DCCH easurementReport; EID =ela; | EventInfo_04 1 Call Direction: MO
8771 |15:23:43.026 |FD11 WCDMARR.... EventInfo_05 ; Call Domain: Circuit Switched
8772 |15:23:43.129 |FD11 WCDMARR... Eventinfo_06 : Call Index: &
8773 [15:23:43.129 (FD11 WCDMA RR... % DL-DCCH: downlinkDirectTransfer; GMM Rout
8774 |15:23:43.129 |FDi1 WEDMARR... ™ DL-DCCH: downlinkDirectTransfer; CC Call Pr
8775 [15:23:43.129 (FD11 WCDMA RR... || UL-DCCH: uplinkDirectTransfer; GMM Routing
8776, |15:23:43.228 * pL-bec ndat
r 15:23:43.229 |FD11 WCDMA RR.... |
15:25:43.335 |11 [TEMS Cole... | |Cal Bocked
8’& i 3 .
8780 [15:23:43.335 |(FDi1 WCDMA RR... | UL-DCCH: uplinkDirectTransfer; CC Release
a781 [15:23:43.427 |FD11 WCDMARR.., ¥ DL-DCCH: signalingConnectionReleass; ps-d(
8782 [15:23:43.427 |FD11 WCDMA RR.... % DL-DCCH: downlinkDirectTransfer; CC Releas
8783 [15:23:43.427 |FD11 WCDMA RR... || UL-DCCH: measurementReport; EID = eid; ||
8784 |15:23:43.530 |FD11 WCDMA RR.... % DL-DCCH: rreConnectionRelease
8785 [15:23:43,530 |FD11 WCDMA RR... ||UL-DCCH: rrcConnectionReleaseComplete
8786 |15:23:43.530 |FD11 WCDMA RR... | UL-DCCH: rreConnectionReleaseComplete
8787 |15:23:44.026 |FD11 WECDMARR... ¥ BCCH-BCH: systeminformationBlockType 15-2 3
8788 [159:23:44.026 |FD11 WCDMA RR... ¥ BCCH-BCH: systeminformationBlockType 1
8789 [15:23:44.026 (FD11 WCDMA RR... || SIB: MasterInfoBlock
8790 |15:23:59.245 |FDil WCDMA RR... ¥ BCCH-BCH: systemiInformationBlockType 12 tl
Current:8777 Date:7/5/2018 Total:9884 Filtered: 5884
A ige of CS Radio R gestion Rate(%) Average of PS Radio Resource Congestion Rate{%) CELLNAME =
0.45 Values
—3G_TPOODEM11_HTH - Average of (5 Radio
04 Resource Congestion Rate

k)
m—3G_TPOOOEM11_HTH - Average of PS Radio
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Hinh 3. 17 Phén tich két qua do cia tram 3G_ TPO00SM_HTH
Phan tich: Tién hanh thyc hién test mo phong theo diéu kién ctia KH (CSFB). Qua
trinh test 105 cudc CSFB, 1 cudc bi Blocked call do thiéu CS resource trén 3G.
Kién nghi: Tram TPO0O0SM_HTH hién van c6 thé distribute thém CE license cho

tram.Dé xuat bo xung license CE cho tram.
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-Tram TPO006M_HTH néng cip thém 1 WBBP d¢ giam nghén.
PAKH 3.
Mo Ta: 3G séng kém do 16i phan cing.

— )]

@ Agg. Active RSCP (dBm)
B [Min,-105) 0 ( 0%)
B [-105,-95)  (25) (10.55%)
-95,-85)  (79) (33.33%)
[ ] (126) (53.16%)
g s (7) (295%)
[ |  ( o%)

D 'xa HL;'I'_TI"II'_J_ L&

VEN BINH

Hinh 3. 18 Két qua do chi s6 RSCP tram 3G_HKE00SM_HTH
Phan tich: Thyuc hién do kiém xung quanh khu vyc phan anh va hiéu chinh tram
HKEO008M_HTH tuy nhién anten huéng 3 tram nay bi hong chwa thyc hién diéu chinh

dugc, dé xuat thay antenna méi.

3.5. Cac két qua dat dwoc sau khi thye hién do kiém sau t6i vu héa mang
4G.

-Sau khi t6i vu hau hét cic chi s KPI phan driver test déu tang, cac chi sé KPI mirc
OMC duy tri 6n dinh dat mirc cao so véi tiéu chuén, nhiéu chi sé KPI mitc OMC cai
thién so véi trude tdi wu.

-Ti I¢ badcell gidam manh. Trudc tdi wu co6 10 badcell, sau toi wu chi con ton tai 4

badcell.



49

-Céc phan 4nh khach hang tai khu vuc thanh phd va mot sé diém phan anh & cac

huyén dua ra déu duoc xir Iy, hdu hét cac diém sau khi xur 1y chit lugng mang da

duoc cai thién.

Bang 3. 7 Chiét lwong mang lu6i do kiém Driving Test sau toi wu.

Truéc tdi wu Sau tdi wu So sanh
Mang Chi tiéu KPI Yéu céu (*) trude va
Gia tri | Danh gia Giatri | Danh gia .
sau toi uwu
Khong
Data Call Setup Success Rate (%) >99% 97.30 p 100.00 DPat Cai thién
at
Khong o
RRC Setup Success Rate (%) >99% 97.44 P 100.00 Dat Cai thién
at
E-RAB setup success rate (%) >99% 99.86 Dat 100.00 Dat Cai thién
Call drop rate (%) <1.2% 0.21 Pat 0.00 Dat Cai thién
Tuong
Intra-LTE Handover Success Rate (%) | >98.5% 99.92 Dat 99.92 DPat
duong
Inter-LTE Handover Success Rate (%) | >97% NA NA
LTE to WCDMA PS InterRAT
>95% NA NA
Handover Success Rate (%)
LTE to GSM PS InterRAT Handover
>92% NA NA
Success Rate (%)
Khong Khong o
DL throughput (15MHz, QCI=9) >31.5Mbps 222 25.7 Cai thién
dat dat
Khong Khéng
4G UL throughput (15MHz, QCI=9) >22.5Mbps 17.2 21.2 Cai thién
dat dat
. Tuong
RRC connection latency <75ms 25 Pat 31 Pat
duong
Tuong
DL latency < 50ms 37.63 Dat 42.71 Dat
duong
LTE to WCDMA CSFB Redirection
>96% 99.21 Pat 99.71 Pat Cai thién
Success Rate (%)
CSFB Call setup time <5s 3.75 DPat 3.03 Pat Cai thién
Khong Khéng
RSRP >-100dBm >93% 88.38 91.30 Cai thién
dat dat
Khong Khoéng
RSRP >-110dBm >98% 96.61 96.90 Cai thién
dat dat
Khéng Khong L
RSRQ >-10dB >75% 19.63 35.40 Cai thién
dat dat
Khong Khoéng
RSRQ>-14dB >98% 83.42 95.97 Cai thién
dat dat
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Truéc tdi wu Sau tdi wu So sanh
Mang Chi ti¢u KPI Yéu ciu (¥) truéc va
Gia tri | Danh gia Gia tri Danh gia .
sau toi wu
Khong Khong o
SINR > 10dB >75% 33.17 57.84 Cai thién
dat dat
Khong Khong
SINR < 0dB <1% 17.30 5.46 Cai thién
dat dat
Bang 3. 8 Chi tiéu KPI giam sat trén h¢ thong OMC sau tdi wu.
Truée ti wu Sau ti uu
M KPIN Yéu So sanh truédc va sau tdi
ang ame A Danh )
cau Giatri | Panhgia | Gi tri uu
gia
RRC Connection
Establishment Success Rate >99% 99.99 Dat 99.99 Dat Tuong duong
(All service) (%)
ERAB Setup Success Rate (%) >99% 99.91 Dat 99.91 Dat Tuong duong
Data Call Setup Success Rate
>99% 99.88 Dat 99.88 Dat Tuong duwong
(%)
Call drop rate(%) <1% 0.09 Dat 0.02 Dat Cai thién
Intra Frequency HO Success o
>99% 99.92 Pat 99.95 Pat Cai thién
4G Rate(%)
Inter Frequency HO Success
>98%
Rate(%)
Inter-RAT HO Out Success
>95% 98.68 Pat 98.82 bat Cai thién
Rate (LTE to UMTYS) (%)
Inter-RAT HO Out Success
>92% 100.00 Dat
Rate (LTE to GSM) (%)
CSFB Preparation Success
>99%
Rate (%)

% Thuc hién do ki€ém so sanh vung phu séng trwdc va sau toi uu

Vung phi séng Driving Test khu vyc Thanh Ph Ha Tinh
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@ Serving Cell RSRP (dBm)
B [Min, -125) (122) (0.41%)
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B [-65 Max] (45) (0.15%)
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Hinh 3. 19 Chi sé RSRP truéc va sau khi tdi vu.
Before After
Densit | Accumulat Density | Accumulati Panh gia
Count Count
y (%) ion (%) (%) on (%)
45 0.15% 0.15% 676 2.66% 2.66%
[-80,-65) 7119 | 24.06% 24.22% 10704 | 42.07% 44.73%
[-95,-80) 15394 | 52.04% 76.25% 10170 | 39.97% 84.71%
Cai thién
[-110,-95) 6021 | 20.35% 96.61% 3169 12.46% 97.16%
[-125,-110) 882 2.98% 99.59% 670 2.63% 99.80%
[Min,-125) 122 0.41% 100.00% 52 0.20% 100.00%
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Trwéce toi wu

— L, @ serving Cell RSRQ (dB)
B [Min,-18)  (279) (0.99%)
[48,-14)  (4625) (15.63%)
B [14,-10)  (18871) (63.79%)
[ors | N [10,6) (5739) (19.4%)

Military Cemetery
jtich lieh sir @ @
Ng3 8a Dong Lock
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B [vin,-18)  (35) (0.9%)

[18,-14)  (932) (3.66%)
N [19,-10) (15566) (51.18%)
B [10,-6)  (5905) (23.21%)
B [6Ma]  (3003) (11.8%)

Y
@ Bail Bién Thien Cam

Hinh 3. 20 Chi s6 RSRQ truéc va sau khi tdi vu.

Before After
Range | Legend Count Density | Accumulation Count Density Accumulation | Danh gia
(%) (%) (%) (%)

[-6, Max] 69 0.23% 0.23% 3003 11.80% 11.80%

[-10,-6) 5739 19.40% 19.63% 5905 23.21% 35.01%

[-14,-10) 18871 | 63.79% 83.42% 15566 61.18% 96.20% Cii thién
[-18,-14) 4625 15.63% 99.06% 932 3.66% 99.86%
[Min,-18) 279 0.94% 100.00% 35 0.14% 100.00%
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Trwéce toi wu
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Hinh 3. 21 Chi s6 SINR trudéc va sau khi toi wu.

Before After
Range Legend Density | Accumulation | Coun Density Danh gia
Count Accumulation (%)
(%) (%) t (%)
[15, Max] 4773 16.13% 16.13% 9269 36.52% 36.52%

[10,15) 5040

17.04%

33.17% 5771 22.73%

59.25%

[5,10) 6908

23.35%

56.52% 5311 20.92%

80.17%
Cii thién

[0.5) 7744

26.18%

82.70% 3722 14.66%

94.84%

[-5,0) 4041

13.66%

96.36% 998 3.93%

98.77%

[Min,-5) 1077

3.64%

100.00% 313 1.23%

100.00%
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Trwéce toi wu
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Hinh 3. 22 Chi s6 PS Download Throughput truée va sau khi toi wu.

Before

After

Range Legend Density

(%)

Count

Accumulation
(%)

Count

Density
(%)

Accumulation Danh gia

(%)

[20000, Max] 10957 | 47.24%

47.24%

10414

54.53%

54.53%

[10000,20000) 6768 | 29.18%

76.42%

5199

27.23%

81.76%

[7000,10000) 2521 | 10.87%

87.29%

1626

8.51%

90.28%
Céi thién

1435 6.19%

[5000,7000)

93.48%

789

4.13%

94.41%

1279 5.51%

[2000,5000)

99.00%

905

4.74%

99.15%

233 1.00%

[Min,2000)

100.00%

163

0.85%

100.00%
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Trwoc toi wu
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Hinh 3. 23 Chi so PS Upload Throughput trudc va sau khi toi wu.
Before After
Range Legend Density | Accumulation Density | Accumulation | Pénh gia

Count Count
(%) (%) (%) (%)

[15000, Max] 13138 | 67.78% 67.78% 12984 | 63.34% 63.34%

[7000,15000) 4246 | 21.90% 89.68% 4365 | 21.29% 84.63%

[5000,7000) 741 3.82% 93.50% 1191 5.81% 90.44%

Cai thién

[3000,5000) 588 3.03% 96.54% 985 4.81% 95.25%

[1000,3000) 377 1.94% 98.48% 616 3.01% 98.25%

[Min,1000) 294 1.52% 100.00% 358 1.75% 100.00%
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Viing phii séng Driving Test khu vwre dwong Québc 19

Trwéce toi wu

@ Serving Cell RSRP (dBm)

W [Min,-125)  (1992) (1125%)
[-425,-110)  (3184) (18.03%)
[-110,-95)  (4151) (2343%)
[o5,-80)  (5205) (35.03%)
[-80,-65)  (2077) (11.73%)
[-65, Max] (99) (0.53%)

@ serving Cell RSRP (dBm)
[Min, -125)  (143) (0.78%)
[-125,-110)  (1794) (9.82%)
(3352) (18.34%)
(6782) (37.11%)
,65)  (5763) (3L54%)
[65, Mad  (430) (241%)

Hinh 3. 24 Chi s6 RSRP trudéc va sau khi toi wu.

[-65, Max]
[-80,-65)
[-95,-80)
[-110,-95)

[-125,-110)

[Min,-125)

Before After
Cou Density | Accumula | Coun | Density | Accumulation Panh gia
nt (%) tion (%) t (%) (%)
94 0.53% 0.53% 440 2.41% 2.41%
2077 11.73% 12.26% 5763 | 31.54% 33.94%
6205 35.03% 47.29% 6782 | 37.11% 71.06% Ca thign
4151 23.43% 70.72% 3352 | 18.34% 89.40%
3194 18.03% 88.75% 1794 9.82% 99.22%
1992 11.25% 100.00% 143 0.78% 100.00%
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Trwéce toi wu

Serving Cell RSRQ (dB)
[Min, -18)  (1359) (7.67%)
[18,-14)  (3298) (18.62%)
B [14,-10) (9510) (53.69%)
B [10,-5)  (3285) (16.55%)
W[5 Max]  (261) (147%)

@ Serving Cell RSRQ (dB)

[Min, -18) (92) ( 0.5%)
18, -14) (823) ( 4.5%)
[-14,-10)  (11086) (60.67%)
[-10,-6) (4317) (23.62%)
-6 Ma]  (1956) (10.7%)

Hinh 3. 25 Chi s6 RSRP trudc va sau khi tdi wu

Range

[-6, Max]
[-10,-6)
[-14,-10)
[-18.-14)

[Min,-18)

Legend

Before After
Count Density | Accumulation Count Density | Accumulation | Pénh gia
(%) (%) (%) (%)

261 1.47% 1.47% 1956 10.70% 10.70%

3285 18.55% 20.02% 4317 23.62% 34.33%

9510 53.69% 73.71% 11086 60.67% 94.99%

3298 18.62% 92.33% 823 4.50% 99.50%

1359 7.67% 100.00% 92 0.50% 100.00%
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Truée tdi wu

@ RS SINR Carrier 1 (dB)

B [Min,-5)
1[50
[0,5)
i 51w
B [10,15)
B [15 Max]

(2119) (12.02%)
(2569) (14.6%)
(3809) (21.62%)
(32649) (18.55%)
(2723) (15.98%)
(3117) (17.72%)

@ RS SINR Carrier 1 (dB)

{193) (1.06%)
(845) (463%)
(2291) (12.57%)
(4307) (23.62%)
(3922) (21.51%)
(6674) (36.61%)

Before After
Range Lejen Coun | Density | Accumulation | Coun | Density Accumulation bénh gia
t (%) (%) t (%) (%)
[15, Max] 3117 17.72% 17.72% 6674 36.61% 36.61%

[10,15) 2723 15.48% 33.20% 3922 21.51% 58.12%
[5,10) 3264 18.55% 51.75% 4307 23.62% 81.74% o
[0,5) 3804 | 21.62% 73.38% 2291 12.57% 94.31% Caithicn
[-5,0) 2569 14.60% 87.98% 845 4.63% 98.94%

[Min,-5) 2114 12.02% 100.00% 193 1.06% 100.00%
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Trwéce toi wu

® application Layer Throughput Dovmlink (kbps)
W [Min, 2000) (410) (333%)
W [2000,5000)  (1147) (9.32%)

[5000, 7000) (905) (7.36%)
B (7000, 10000)  (1593) (12.95%)
n
L]

[10000, 20000)  (3379) (27.47%)
[20000, Max]  (4868) (38.57%)

” /@; ® 2pplication Layer Throughput Downlink (kbps)
S 4 i W [Min, 2000} [@a1) ( 1.9%)
2 Vinh B [2000,5000) (640} (5.04%)
Tm! [5000, 7000) (573) (4.51%)

e B [7000,10000)  (1027) (8.09%)

]

- L

e

[10000, 20000)  (3316) (26.12%)
[20000, Max]  (6898) (54.34%)

Hinh 3. 27 Chi s6 PS Download Throughput truéc va sau khi ti wu.

Before After
Range Legend Density | Accumulation Density | Accumulation Panh gia
Count Count
(%) (%) (%) (%)
[20000, Max] 4868 | 39.57% 39.57% 6898 | 54.34% 54.34%
[10000,20000) 3379 | 27.47% 67.04% 3316 | 26.12% 80.46%
[7000,10000) 1593 | 12.95% 79.99% 1027 8.09% 88.55%
Cai thién
[5000,7000) 905 7.36% 87.34% 573 4.51% 93.06%
[2000,5000) 1147 9.32% 96.67% 640 5.04% 98.10%
[Min,2000) 410 3.33% 100.00% 241 1.90% 100.00%
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Trwéce toi wu

22018 Gangi - Map uz

[atcc K

@ Appiication Layer ThroughputUplink (kbps)

[Min, 1000)  (1215) (11.91%)
[1000,3000)  (917) (8.99%)
[3000,5000)  (752) (7.37%)
[5000, 7000) (775) ( 7.6%)
[7000, 15000)  (2792) (27.37%)
[15000, Max]  (3749) (36.75%)

B [Min, 1000) (937) (6.87%)
W [1000,3000)  (706) (5.17%)
[3000,5000)  (588) (432%)
[5000,7000)  (546) ( 4%)
[7000, 15000)  (2526) (18.51%)
[15000, Max] ~ (8343) (61.13%)

® application Layer ThroughputUplink (kbps)

Hinh 3. 28 Chi so PS Upload Throughput trwdc va sau khi toi wu.

Before After
Range Legend Density | Accumulation Density | Accumulation | Panh gia
Count Count
(%) (%) (%) (%)
[15000, Max] 3749 36.75% 36.75% 8343 61.13% 61.13%
[7000,15000) 2792 27.37% 64.13% 2526 18.51% 79.64%
[5000,7000) 775 7.60% 71.73% 546 4.00% 83.64%
Cai thién
[3000,5000) 752 7.37% 79.10% 589 4.32% 87.96%
[1000,3000) 917 8.99% 88.09% 706 5.17% 93.13%
[Min,1000) 1215 11.91% 100.00% 937 6.87% 100.00%
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3.6. Két luan chwong.

Chuong nay di mé phong mang ludi di dong cia VNPT qua phan mém Atoll,
quy m trién khai du an t6i vu hda mang di dong 4G phase 4 cia VNPT. Sau khi thuc
hién thu thap dit liéu trude t6i vu nhu thdng ké KPI trén hé théng (KPI OMC) va do
kiém thuc té tai tram (Driving test), luan vin da tién hanh phan tich va dua ra cac
thay d6i thong s pht hop dua trén 5 trong 6 phuong phép da néu & chuong 2: Piéu
chinh cong suit phat, diéu chinh cac tinh ning cua tram (b6 sung tai nguyén mang),
diéu chinh d6 cao antenna, diéu chinh goc ngang antenna(Chinh Tilt) va diéu chinh
huéng antena (Azimuth) tai tinh Ha Tinh dé dat dugc KPI 4G theo chi tiéu ma VNPT
dd dua ra. O mang 4G cic hang san xuat da dua ra giai phap mang tu toi vu SON
(Self Optimizing Networks), v6i giai phap ndy cac tram 4G sé& tu dong diéu chinh cac

tham sd chuyén giao dé dat dugc hiéu qua tdt nhat.
Nhin chung:

+ Cac thong sb KPI Driving Test da dat duoc cac yéu cau dit ra trude dy an:

Céc thong s6 KPI cai thién rd rét so voi trude khi tdi wu: Data Call Setup
Success Rate, RRC Setup Success Rate , E-RAB setup success rate déu dat 100%,
téc do dir liéu duong xudng va duong 1én (DL/UL) ciing da cai thién rd rét ting 1én
mirc 25,7/21,2Mbps. Chi sb rét cude goi (Call drop rate) giam xudng muic 0% (Chi
tiét trinh bay & bang 3.7).

+ Cac thong s6 KPI OMC ting 1én, dam bao chat luong mang theo tiéu chuan cia
VNPT.

Giam ty 1& rot cude goi tir 0,09% trude tdi wu xudng con 0,02%, cac chi s6
Intra Frequency HO Success, Inter-RAT HO Out Success Rate (LTE to UMTS) déu
cai thién & murc 99,95% va 98,82% (Chi tiét trinh bay & bang 3.8).

+Lam giam s6 luong bad cell tir 10 cell xudng con 4 cell va thuc hién xu 1y

cac phan anh khach hang.
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KET LUAN VA KIEN NGHI

Sau thoi gian thu thap s6 liéu, phan tich va thyc hién, dé tai “Tdi wvu hoa mang
truy nhap vo tuyén 4G cia VNPTtai Ha Tinh” d4 hoan thanh.

Luan vin di trinh bay tong quan vé mang ludi di dong 4G ctia nha mang VNPT
va xdy dung quy trinh tdi wu hoa mang truy nhap 4G. Diéu do6, c6 ¥ nghia vo cung
cap thiét d6i voi viéc phat trién mang ludi VNPT. Trong thoi dai cong nghé phat trién
nhu hién nay, cac nha mang déu quan tam téi chét lugng dich vy, trdi nhi€ém khéach
hang thi viéc t8i wu mang 4G s& gitp cho VNPT c¢6 nhiing dich vu tdt nhat, dem dén
su hai long cho khach hang nhat, mang dén nhiing loi ich vé mat kinh té cho nha
mang.

Bén canh do, luan van con cung cép kién thtc vé viée van hanh va giam sat
cac tram di dong 4G thong qua cac phan mém giam sat ciia cac nha cung cap thiét bi
16n Nokia, Huawei va Ericsson.

Luén van con dua ra céc chi s6 dé danh gia chét lugng mang di dong 4G, céac
chi s6 KPI ma nha mang VNPT di ban hanh. Viéc t6i wu mang lu6i 4G ciing nhu
viéc xir Iy phan anh khach hang ciing 1a nhiing kién thirc, kinh nghiém dé phuc vu
cho viéc t6i vu sau nay ctia nha mang.

Viéc thuc hién luan van nay gitp toi c6 cai nhin téng quan hon vé mang luéi,
nang cao kha niang lam viéc trong qua trinh trién khai thyc hién cac dy 4n mang sau
nay. Tuy nhién do con nhiéu han ché, t6i rat mong nhan dugc su gop ¥ cua cac thay
cd gido va céac ban dé luan van duogc hoan thién hon.

Viéc nghién ctru, t8i wu hoa mang vo tuyén 4G 1a mot van dé 16n, can nhiéu
thoi gian va cong strc dé nghién ctru sdu hon. Trén co s d6 dua ra quy trinh chudn
cho viéc tdi wu, cac dé xuat dua ra phai duoc kiém ching trong thuc té nham nang
cao duoc chét luong mang 4G ma Vinaphone dang khai thac, ddy 1a huéng ma dé tai

can nghién ciru phat trién tiép theo.
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PHU LUC

PHU LUC 1: B tham s6 KPI OMC ap dung cho 4G.

Success Rate (%)

(chuyén mach goéi) thanh cong

Mang KPI Name Dién giai Yéu ciu
RRC Connection o . . M
Ty 1€ thiet 1ap thanh cong ket ndi dicu
Establishment Success L . >99%
. khién tai nguyén vo tuyén
Rate (All service) (%)
ERAB(EPS Radio Ly
Ty 1€ cai dat thanh cong két noi vo tuyén
Access Bear) Setup ) ) >99%
to1 mang 101
Success Rate (%)
Data Call Setup e R
Ty 1¢ cai dat thanh cong cude goi dit li¢u >99%
Success Rate (%)
Call drop rate(%) Ty 1€ 6t cude goi <1%
Intra Frequency HO . P o )
Ty 1€ chuyén giao khac tan so thanh cong >99%
4G | Success Rate(%)
Inter Frequency HO ) P N .
Ty 1¢ chuyén giao cung tan s6 thanh cong. >98%
Success Rate(%)
Inter-RAT HO Out o PO L R
Ty 1€ chuyén giao cac cong nghé mang
Success Rate (LTE to . >95%
thanh cong(Chuyén giao tir 4G sang 3G )
UMTS) (%)
Inter-RAT HO Out o PO o R
Ty 1€ chuyén giao cac cong nghé mang
Success Rate (LTE to . >92%
thanh cong(Chuyén giao tir 4G sang 2G)
GSM) (%)
CSFB Preparation Ty 1€ thuc hién cudc goi trén mién CS
>99%
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PHU LUC 2: B tham s6 KPI do kiém tai hién trudng vé chat lwong mang 4G.

Dién giai

Mang Chi tiéu KPI Yéu céu (¥)
Data Call Setup Success Rate Ty 1€ cai dit cudc goi dir liéu thanh
(%) cong >99%
Ty 1é thiét 1ap thanh cong két ndi
RRC Setup Success Rate (%) diéu khién tai nguyén vo myén >99%
Ty 1é cai dit thanh cong két ndi vo
E-RAB setup success rate (%) tuyén td1 mang 101 >99%
Call drop rate (%) Ty 1€ rét cude goi <1.2%
Intra-LTE Handover Success Ty 1€ chuyén giao khac tan s0
Rate (%) thanh cong >98.5%
Inter-LTE Handover Success Ty 1€ chuyén giao cung tan s0
4G Rate (%) thanh cong. >97%
Ty 1€ chuyén giao cac cong ngh¢
LTE to WCDMA PS InterRAT | mang thanh cong(Chuyén giao tir
Handover Success Rate (%) 4G sang 3G) >95%
Ty 1€ chuyén giao cac cong ngh¢
LTE to GSM PS InterRAT mang thanh cong(Chuyén giao tir
Handover Success Rate (%) 4G sang 2G) >92%
DL throughput (15MHz, Tdc do dir lidu tai xudng
QCI=9) > 31.5Mbps
UL throughput (15MHz, Toc do dir liéu tai 1én
QCI=9) >22.5Mbps
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Dién giai

Mang Chi tiéu KPI Yéu céu (¥)
RRC connection latency Thoi gian tré két ndi RRC <75ms
DL latency Thoi gian tré duong xudng. < 50ms
LTE to WCDMA CSFB Ty 1€ thyc hién cudc goi trén mién

Redirection Success Rate (%) CS (chuyén mach goi) thanh cong | > 96%

Thoi gian cai dét cudc goi trén

CSFB Call setup time mién CS (chuyén mach goi) <S5s
RSRP > -100dBm Cong suat tin hiéu thu > -100dBm >93%
RSRP > -110dBm Cong suat tin hiéu thu > -110dBm >98%
RSRQ >-10dB Cbng suét tin hiéu thu > -10dB >75%
RSRQ> -14dB Cong suat tin hiéu thu > -14dBm > 98%
SINR > 10dB Cong suat tin hiéu thu > -10dB >75%
SINR < 0dB Cong suat tin hiéu thu < 0dB <1%

PHU LUC 3: Két qua do kiem RSRP va RSRQ truéc va sau toi wu.
Ving phu séng Driving Test khu vuc Thanh Phd Ha Tinh

Trwéce toi wu

© BaiBién Thién Cam
>, . »
% ,xn Va '
L 3 -
oo ] v 4

4
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@ Serving Cell RSRP (dBm)
[Min, -125) 52) (02%)
[-125,-110) (670) (2.63%)
5) (3169) (12.46%)
(10170) (39.97%)
IS {10704) (42.07%)
[-65, Max] (676) (2.66%)

Hinh 1. Chi s6 RSRP truwéc va sau khi toi wu.

e Ko
Trwée toi wu

@ serving Cell RSRQ (d5)

B [Min-18)  (279) (0.84%)
-14)  (4625) (15.63%)

n 10} (18871) (63.75%)

] 8 (5739) (19.4%)

W[5 Max] (69) (0.23%)

~ 3 e
7 e
W bt EeAN T 1 %

35) (0.14%)
(932) (3.66%)

4,-10)  (15566) (61.18%)

B [10,-6)  (5905) (23.21%)
W [6Ma]  (3003) (11.8%)

Hinh 2. Chi s6 RSRQ truéc va sau khi t6i wu.




69

Trwéce toi wu

—T @ RS SINR Carrier 1 (dB)

B [Min,S)  (1077) (3.69%)

B O[50) (404 (13.66%)
5  (7744) (26.18%)

B O[510)  (6908) (23.35%)

B O[0,15)  (5040) (17.09%)

W[5, Mo (4773) (16.13%)

Ailtary Cemeter
ich lich su@
Noa Ba Barg Lo

%,
5
v ; ~G
- 1)
\ E T ©Bai BiénThien Cam
~ DT4 <
P )\‘ ?‘. 4 / !
{ - JoLia ]
O, maﬁu = ’rq s Ll
e
Sau toi wu
4 km @ RS SINR Carrier 1 (dB)
B [Min,-5) (313) (1.23%)
i [50) (998) (3.93%)
i e o, 5) (3722) (14.66%)
s 0 510 (5311) (20.92%)
-mmary Cemetery B [10,15) (5771) (22.73%)
Nosda Soba ek B G v (5285) G652%)
5
]
@ Bai Bién Thién Cam
or ) ’?. z ‘
o =
o] ¥ 4 ‘.
>
K

4

sau khi toi wu.

Truwdc toi wu |

4 @ 2pplication Layer Throughput Dovnlink (kbps)
B [Min, 2000) @3) ( 1%)
W [2000,5000)  (1279) (551%)

[5000, 7000} (1435) (6.19%)

Dis

1
Military Cemetery

Di tich lich sir @ B [7000,10000)  (2521) (10.87%)

Nga Ba Bong LCE! B [10000,20000)  (6768) (29.18%)

5 ’ B [20000,Max]  {10957) (47.29%)
%

7.
)"e
e
L]
©'Bai Bien Thién Cam
(o7 ] Ze
DT4 %w
o

>
 §
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Sau t0i wu

4lem

Wilitary Cemetery
fch lich s&r @
Noa B Db 8ol

ora)

[Min, 2000)
12000, 5000)
[5000, 7000)
{7000, 10000)

(20000, Max]

® Application Layer Throughput Downlink (kbps)

[10000, 20000)

(163) (0.85%)
(905) (4.74%)
(789) (4.13%)
(1626) (8.51%)
(5199) (27.23%)
(10414) (54.53%)

@ BaiBiénThien Cam

)f% )
i 5- |

2
I .

 y

-~

4

Hinh 3. 29 Chi s6 PS Download Throughput truéc va sau khi toi wu.

Trwoc toi wu

ore

lilltary,Cemetery,
tich lich s €
Nga EaDaHg Lock

[Min, 1000}

(1000, 3000)
(3000, 5000)
(5000, 7000)
[7000, 15000
[15000, Max]

@ &pplication Layer ThroughputUplink (kbps)

(289) (152%)
(377) (1.94%)
(s88) (3.03%)
(721) (3.82%)
(4246) (2L.9%)
(13138) (67.78%)

%,

b3S

@ Bai Bién Thien Cam

i %, - »
o - ‘
. 5 -3
N f 4 ¥ 4 "
s - ﬁ. T h 324 % ~ -
2016 ocgie s cete 2078 Tem Athe, @wmfw el - 4
—_——————— @ Application Layer ThroughputUplink (kbps)
B [Min, 1000) (358) (1.75%)
B [1000,3000)  (s16) (3.01%)
[3000,5000)  (385) (4.8%)
] B [5000,7000)  (1191) (5.81%)
W [7000,15000)  (4365) (21.29%)
B (15000, Max]  (12584) (3.34%)
)Emelerv
ich fich str 0
\5ong Loc!
N
<N
Ry S
—
F Y,
-t @ B3i Bién Thién Cam
Eir ore o "
N 5 =
f,,,- v o > 4
¥ 4 . _‘l
-~ <

o ”/
oo s

e b ’ﬁ’, i, :

4

Hinh 4. Chi sf') PS Upload Throughput trwée va sau khi toi wu.
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Viing phii séng Driving Test khu vwre dwong Québc 19

Trwéce toi wu

@ serving Cell RSRP (dBm)
[Min, -125)  (1992) (11.25%)
[-125,-110)  (3194) (18.03%)
[-110,-05)  (4151) (23.43%)
[-e5,-80)  (5205) (35.03%)
[-80,-65)  (2077) (11.73%)
65, Max] (84) (053%)

@ Serving Cell RSRP (dBm)
[Min,-125)  (143) (0.78%)
[125,-110)  (1794) (9:82%)

1
1

[-110,-95)  (3352) (18.34%)
W [-95-80)  (6782) (37.11%)
W [80,-65)  (5763) (3154%)
W [65Max]  (40) (241%)

4

Hinh 5. Chi s6 RSRP truwéc va sau khi toi wu.
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Trwéce toi wu

Serving Cell RSRQ (dB)

(261) (1.47%)

® Serving Cell RSRQ (0B)

B [Min,-18)  (92) ( 05%)
[18,-14)  (823) { 45%)
[-14,-10)  (11086) (50.67%)
[10,8)  (4317) (23.62%)
[6,Max]  (1956) (10.7%)

Hinh 6. Chi s6 RSRP trwéc va sau khi t6i vu

Trwéc toi wu

@ RS SINR Carrier 1 (dB)

0 [Min,-5) (2114) (12.02%)

BO[50) (2569 (14.6%)
0,5 (3804) (21.62%)
[5,10)  (3264) (18.55%)
[0,15)  (2723) (15.48%)
115, Max]  (3117) (17.72%)
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Sau toi wu

@ RS SINR Carrier 1 (d5)
Min,-5)  (193) (1.06%)
(845) (4.63%)
(2291) (1257%)
4307) (23.62%)
(3922) (2151%)
(6671) (35.61%)

Hinh7. Chi s6 SINR truéc va sau khi toi wu.

Trwéce toi wu

® Application Layer Throughput Dovmlink (kbps)

(4868) (39.57%)

Application Layer Throughput Downlink (kbps)
[Min, 2000} (241) ( 19%)

W [2000, 5000) (640) (5.09%)
[5000, 7000) (573) (4.51%)

B [7000,10000)  (1027) (8.09%)
[10000, 20000) {3316} (25.12%)

W [20000,Max]  (6898) (54.34%)
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Hinh 8. Chi s6 PS Download Throughput truéc va sau khi tdi wu.

Trwéc toi wu

@ Application Layer ThroughputUplink (kbps)
W [Min, 1000)  (1215) (11.81%)
W [1000,3000)  (917) (8.99%)
[3000, 5000) (752) (7.37%)
W [s000,7000) (775) ( 7.6%)
W [7000, 15000) {(2792) (27.37%)
W [15000, Max]  {3749) (36.75%)

® &pplication Layer ThroughputUplink (kbps)
[Min, 1000) (937) (6.87%)
[1000,3000)  (706) (5.17%)
[3000,5000)  (589) (432%)
(546) ( 4%)
(2526) (18.51%)
(8343) (61.13%)

Hinh 9. Chi s6 PS Upload Throughput truée va sau khi tdi wu.



